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The problem we address:   

“Characterize the radial instability of Friedmann 
Spacetimes at the Big Bang t=0.”

The Friedmann Spacetimes describe a uniformly 
expanding 3-space of constant density and 
curvature evolving in time according to Einstein’s 
equations of General Relativity.

The Friedmann Spacetimes have been the 
basis for the Standard Model of Cosmology 
since Hubble confirmed the universe of 
galaxies is not static, but expanding—1929
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In this we derived a self-similar version of the 
Einstein equations (STV-PDE) to evolve a self-similar 
wave from the radiation epoch up to present time, 
to compare the effects with Dark Energy…

References:  Taubes, Coley, Carr, etc…

…here we complete the stability analysis for 
case           by incorporating the non-critical          
Friedmann spacetimes into the theory.
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Energy…

…the resulting stability analysis stands on its own.



Our paper was just accepted last month by 
Proceedings of the Royal Society-A (RSPA)…
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We characterize the local instability of pressureless
Friedmann spacetimes to radial perturbation at the
Big Bang. The analysis is based on a formulation of
the Einstein–Euler equations in self-similar variables
(t, ⇠), with ⇠ = r/t, conceived to realize the critical
(k= 0) Friedmann spacetime as a stationary solution
whose character as an unstable saddle rest point SM
is determined via an expansion of smooth solutions in
even powers of ⇠. The eigenvalues of SM imply the
k 6= 0 Friedmann spacetimes are unstable solutions
within the unstable manifold of SM . We prove that
all solutions smooth at the center of symmetry agree
with a Friedmann spacetime at leading order in ⇠,
and with an eye toward Cosmology, we focus on
F , the set of solutions which agree with a k < 0

Friedmann spacetime at leading order, providing the
maximal family into which generic underdense radial
perturbations of the unstable critical Friedmann
spacetime will evolve. We prove solutions in
F generically accelerate away from Friedmann
spacetimes at intermediate times but decay back
to the same leading order Friedmann spacetime
asymptotically as t!1. Thus instabilities inherent
in the Einstein–Euler equations provide a natural
mechanism for an accelerated expansion without
recourse to a cosmological constant or dark energy.

© The Authors. Published by the Royal Society under the terms of the
Creative Commons Attribution License http://creativecommons.org/licenses/
by/4.0/, which permits unrestricted use, provided the original author and
source are credited.
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Referee: 1

Comments to the Author(s)

Report on the paper

”The Instability of the Critical Friedmann Spacetime at the Big Bang as an

Alternative to Dark Energy”

by C. Alexander, B. Temple and Z. Vogler

The paper is concerned with a careful analysis of perturbations of the Friedmann-

Lemaitre-Robertson-Walker (FLRW) spacetime of cosmology. The authors

find an instability which provides an alternative explanation of the anoma-

lous expansion of the universe. More precisely, the authors start from the

homogeneous and isotropic FLRW spacetime in the flat case (k=0) for a

pressureless gas. They reformulate the corresponding Einstein-Euler equa-

tions in self-similar variables, in which the metric resembles the Schwarzschild

metric, and perturb in powers of the variable r/t. Expanding up to order n,

they obtain a system of 2n coupled ODEs. The authors perform a careful

stability analysis of these systems. They find an unstability to every order

n, having the effect that the solutions generically accelerate away from the

FLRW spacetime for intermediate times, but decay back to FLRW for large

times. A quantitative analysis of the deviation from FLRW for intermediate

times reveals that this effect could indeed account for the anomalous expan-

sion of our universe which is usually explained by dark energy. This finding

is very interesting and extremely important, because it indicates that dark

energy might not needed to explain the anomalous expansion of the uni-

verse. Another finding which I find interesting is that, solving the Einstein-

Euler system backward in time beyond the radiation-dominated epoch, there

is an instabiility which could break the self-similarity of the big bang.

The paper is very well written. The main points are first described clearly

in words. Then detailed formulas and theorems make the statements and

conclusions mathematically precise. I should note that the paper is a con-

tinuation of an earlier paper by Smoller, Temple and Vogler (reference [29]

of the present paper), where the equations were derived and analyzed nu-

merically. The analysis in the present paper goes much deeper and comes

to extremely important physical implications. To my opinion, this clearly

justifies publication. I strongly recommend the paper for publication in Pro-

ceedings of the Royal Society A.

1
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1929- Hubble’s experiment relating redshift vs 
luminosity confirmed the universe was expanding.

1927- Eddington and his student Lemaitre began 
working out cosmology based on Friedmann 
spacetimes- collaborated with Hubble.

This was accepted as a second confirmation of 
Einstein’s theory of General Relativity…

…that the universe on the largest scale was 
evolving according to a Friedmann spacetime.



Edwin Hubble (1889-1953)
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…the static model was shown to be unstable to 
radial perturbation.

1933-Einstein said Lemaitre’s theory of the 
primeval atom was ``the most beautiful and 
satisfactory explanation of creation to which I 
have ever listened’’.
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Robert Millikan, G. Lemaitre and A. Einstein
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1935- Arthur Walker and Howard Robertson
derived Friedmann spacetimes from…

Copernican Principle:   If the 3-space at each 
fixed time is uniform and isotropic about every 
point, then the spacetime is Friedmann.

This connected Friedmann space-times with pre-
scientific notions of earth not being in a special 
place in the universe, and stuck as a sort of 
principle of physics more or less accepted by 
established cosmologists. 



Howard Robertson



Arthur Walker
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1935- present:   Friedmann Spacetimes are the 
basis for the Standard Model of Cosmology.

Often referred to as the FLRW spacetimes.
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CDM ⇡ .27  25% Cold Dark Matter 

The            model appears to account for most 
of the large scale cosmological data.
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with approximately 70% Dark Energy.
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⇤ > 0
(Under-dense Friedmann (        ) implies faster 
expansion consistent with          .)
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k < 0



We characterize all under-dense solutions which 
are smooth at the center of symmetry.

Our 2017 RSPA set out a framework for 
characterizing the radial instability of the critical 
(k=0, p=0) Friedmann spacetimes at t=0.

We now have extended this to a complete 
picture of the local and global instability of 
critical and under-dense Friedmann spacetimes in 
the matter dominated regime (p=0).



p � 0
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p-system

p = c2

3 �

Big
Bang

Stages of the Standard
 Model:

Inflation

10�35s

10�30s

to
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radiation
<latexit sha1_base64="n/T0AY/s46JV08t3C33vd5RspRA=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrspomXQxjKCeUCyhNnJ3WTI7Ow6MyuEkJ+wsVDE1t+x82+cTbbQxAMDh3POZe49QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST28zvPKHSPJYPZpqgH9GR5CFn1Fgpy2qdKhyUK27VXYCsEy8nFcjRHJS/+sOYpRFKwwTVuue5ifFnVBnOBM5L/VRjQtmEjrBnqaQRan+22HdOLqwyJGGs7JOGLNTfEzMaaT2NApuMqBnrVS8T//N6qQmv/RmXSWpQsuVHYSqIiUl2PBlyhcyIqSWUKW53JWxMFWXGVlSyJXirJ6+Tdq3q1av1+1qlcZPXUYQzOIdL8OAKGnAHTWgBAwHP8ApvzqPz4rw7H8towclnTuEPnM8fhaWQTA==</latexit>pressure

<latexit sha1_base64="BdlEoARd/YSU9XZFAAA/aRhQ/Cs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrspEsugjWUE84BkCbOTu8mQ2dllZlYISz7CxkIRW7/Hzr9xkmyhiQcGDufcy9xzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mdwu/+4RK81g+mlmCfkTHkoecUWOlrsSxQGaG5YpbdZcgm8TLSQVytIblr8EoZmmE0jBBte57bmL8jCrDmcB5aZBqTCib0jH2LZU0Qu1ny3Pn5MoqIxLGyj5pyFL9vZHRSOtZFNjJiJqJXvcW4n9ePzXhjZ9xmaQGJVt9FKaCmJgsspMRVzasmFlCmeL2VsImVFFmbEMlW4K3HnmTdGpVr16tP9Qqzdu8jiJcwCVcgwcNaMI9tKANDKbwDK/w5iTOi/PufKxGC06+cw5/4Hz+AHguj6s=</latexit>

neglect
<latexit sha1_base64="hRspXRPCE+rM27uJe4TmkeAt24M=">AAAB7XicbVC7SgNBFL0bXzG+opY2g0GwCrspomXQxjKCeUCyhNnJ3WTM7M4yMyuEJf9gY6GIrf9j5984SbbQxAMDh3PuZc49QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8tUMWwxKaTqBlSj4DG2DDcCu4lCGgUCO8Hkdu53nlBpLuMHM03Qj+go5iFn1FipHVFjUA3KFbfqLkDWiZeTCuRoDspf/aFkaYSxYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZGtMItZ8t0s7IhVWGJJTKvtiQhfp7I6OR1tMosJM23livenPxP6+XmvDaz3icpAZjtvwoTAUxksxPJ0OukBkxtYQyxW1WwsZUUWYr0CVbgrd68jpp16pevVq/r1UaN3kdRTiDc7gED66gAXfQhBYweIRneIU3RzovzrvzsRwtOPnOKfyB8/kD0BGPTA==</latexit>

matter

<latexit sha1_base64="ZQqdRiZeYe6Pt3QjMnufKVu/C3w=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzHRhtxRoCXRxhIS+UjgQvaWOVjZ27vs7pkQwi+wsdAYW3+Snf/GBa5Q8CWTvLw3k5l5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtCplr1quNiql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHFvjLY=</latexit>

)

<latexit sha1_base64="eCUk5/YEEeIywLnG8O8+/FMA/dM=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncUaEm0scTEAxK4kL1lDzbs7R67eyTkwu+wsdAYW3+Mnf/GBa5Q8CWTvLw3k5l5YcKZNq777RS2tnd294r7pYPDo+OT8ulZS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7H9wu/PaVKMymezCyhQYyHgkWMYGOlwBdEpnaPGCIZ9csVt+ougTaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFO56VeqmmCyRgPaddSgWOqg2x59BxdWWWAIqlsCYOW6u+JDMdaz+LQdsbYjPS6txD/87qpiW6DjIkkNVSQ1aIo5chItEgADZiixPCZJZgoZm9FZIQVJsbmVLIheOsvb5JWrerVq/XHWqVxl8dRhAu4hGvw4AYa8ABN8IHABJ7hFd6cqfPivDsfq9aCk8+cwx84nz/ITpIe</latexit>

Uncoupling of
<latexit sha1_base64="T3gc4eXuQnioggCHwlE/J8O7E+E=">AAAB8XicbVA9SwNBEN2LXzF+RS1tFoNgFe5SRMugjY0QwSRicoS5vb1kyd7esTsnhJB/YWOhiK3/xs5/4ya5QhMfDDzem2FmXpBKYdB1v53C2vrG5lZxu7Szu7d/UD48apsk04y3WCIT/RCA4VIo3kKBkj+kmkMcSN4JRtczv/PEtRGJusdxyv0YBkpEggFa6fEWELmmoMJ+ueJW3TnoKvFyUiE5mv3yVy9MWBZzhUyCMV3PTdGfgEbBJJ+WepnhKbARDHjXUgUxN/5kfvGUnlklpFGibSmkc/X3xARiY8ZxYDtjwKFZ9mbif143w+jSnwiVZsgVWyyKMkkxobP3aSg0ZyjHlgDTwt5K2RA0MBuDKdkQvOWXV0m7VvXq1fpdrdK4yuMokhNySs6JRy5Ig9yQJmkRRhR5Jq/kzTHOi/PufCxaC04+c0z+wPn8AT/ykKc=</latexit>

Matter and
<latexit sha1_base64="dW96J/iTQX3A/BpP6j6NS/giTLk=">AAAB8HicbZC9TsMwFIVvyl8pfwVGFosKialKOhTGChbGgmgLaqPKcZzWqu1EtoNURX0KFgYQYuVx2Hgb3DQDtBzJ0qdz75XvPUHCmTau++2U1tY3NrfK25Wd3b39g+rhUVfHqSK0Q2Ieq4cAa8qZpB3DDKcPiaJYBJz2gsn1vN57okqzWN6baUJ9gUeSRYxgY63HOxyynIbVmlt3c6FV8AqoQaH2sPo1CGOSCioN4Vjrvucmxs+wMoxwOqsMUk0TTCZ4RPsWJRZU+1m+8AydWSdEUazskwbl7u+JDAutpyKwnQKbsV6uzc3/av3URJd+xmSSGirJ4qMo5cjEaH49CpmixPCpBUwUs7siMsYKE2MzqtgQvOWTV6HbqHvNevO2UWtdFXGU4QRO4Rw8uIAW3EAbOkBAwDO8wpujnBfn3flYtJacYuYY/sj5/AHfppB4</latexit>

Radiation

<latexit sha1_base64="msMeB4XqvoIIyhoyGd9+VO8VFjI=">AAAB8XicbVDLSgNBEOyNrxhfUY+KLAbBQwizHqLHoBePCZgHJkuYncwmQ2Znl5lZYVly9A+8eFDEqz+Q7/DmN/gTTh4HTSxoKKq66e7yIs6URujLyqysrq1vZDdzW9s7u3v5/YOGCmNJaJ2EPJQtDyvKmaB1zTSnrUhSHHicNr3hzcRvPlCpWCjudBJRN8B9wXxGsDbSvYOKCKFOMZHdfAGV0BT2MnHmpFA5Hte+H0/G1W7+s9MLSRxQoQnHSrUdFGk3xVIzwuko14kVjTAZ4j5tGypwQJWbTi8e2WdG6dl+KE0JbU/V3xMpDpRKAs90BlgP1KI3Ef/z2rH2r9yUiSjWVJDZIj/mtg7tyft2j0lKNE8MwUQyc6tNBlhiok1IOROCs/jyMmlclJxyqVwzaVzDDFk4glM4BwcuoQK3UIU6EBDwBC/wainr2Xqz3metGWs+cwh/YH38AFjjkyA=</latexit>

10, 000 yr

<latexit sha1_base64="S7O82bPlTvxJKPaWYNRMMedSiCs=">AAAB7XicbVA9SwNBEN3zM8avqKXNYhCswl2KaBm0sREimA9IjrC3mUvW7O0du3NCOPIfbCwUsfX/2Plv3CRXaOKDgcd7M8zMCxIpDLrut7O2vrG5tV3YKe7u7R8clo6OWyZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GNzO//QTaiFg94CQBP2JDJULBGVqpdccQQfdLZbfizkFXiZeTMsnR6Je+eoOYpxEo5JIZ0/XcBP2MaRRcwrTYSw0kjI/ZELqWKhaB8bP5tVN6bpUBDWNtSyGdq78nMhYZM4kC2xkxHJllbyb+53VTDK/8TKgkRVB8sShMJcWYzl6nA6GBo5xYwrgW9lbKR0wzbiMwRRuCt/zyKmlVK16tUruvluvXeRwFckrOyAXxyCWpk1vSIE3CySN5Jq/kzYmdF+fd+Vi0rjn5zAn5A+fzB57xjyw=</latexit>

Matter
<latexit sha1_base64="frc/UAWZwK7hoQb68G9HuCu0Mng=">AAAB8HicbVA9TwJBEN3DL8Qv1NJmIzGxIncUaEnUwhITAQ1cyN7eHGzYj8vungkh/AobC42x9efY+W9c4AoFXzLJy3szmZkXpZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jco0hRZVXOmHiBjgTELLMsvhIdVARMShE42uZ37nCbRhSt7bcQqhIAPJEkaJddLjjRJMEgtxv1zxq/4ceJUEOamgHM1++asXK5oJkJZyYkw38FMbToi2jHKYlnqZgZTQERlA11FJBJhwMj94is+cEuNEaVfS4rn6e2JChDFjEblOQezQLHsz8T+vm9nkMpwwmWYWJF0sSjKOrcKz73HMNFDLx44Qqpm7FdMh0YRal1HJhRAsv7xK2rVqUK/W72qVxlUeRxGdoFN0jgJ0gRroFjVRC1Ek0DN6RW+e9l68d+9j0Vrw8plj9Afe5w/WvZBy</latexit>

Dominated

<latexit sha1_base64="kTXUb9P62mhao76I1RBBGR3rMjE=">AAAB8nicbVA9TwJBEN3DL8Qv1NJmIzGxIncUaEmgsTHBBJDkuJC9ZQ427N5edvdMyIWfYWOhMbb+Gjv/jQtcoeBLJnl5byYz88KEM21c99spbG3v7O4V90sHh0fHJ+XTs56WqaLQpZJL1Q+JBs5i6BpmOPQTBUSEHB7DaWvhPz6B0kzGHTNLIBBkHLOIUWKs5HeYACwj3LpvDssVt+ougTeJl5MKytEelr8GI0lTAbGhnGjte25igowowyiHeWmQakgInZIx+JbGRIAOsuXJc3xllRGOpLIVG7xUf09kRGg9E6HtFMRM9Lq3EP/z/NREt0HG4iQ1ENPVoijl2Ei8+B+PmAJq+MwSQhWzt2I6IYpQY1Mq2RC89Zc3Sa9W9erV+kOt0mjmcRTRBbpE18hDN6iB7lAbdRFFEj2jV/TmGOfFeXc+Vq0FJ585R3/gfP4A9pmQZw==</latexit>

Time of CMB
<latexit sha1_base64="2On6l4nSkgu4aIqp4YfSS0rQTaw=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIph4IGQWE9Ab0YtHTOSRwIbMDrMwYfbhzCzJhvAdXjxojFc/xpt/4wB7ULCSTipV3enuciPBlcb428psbG5t72R3c3v7B4dH+eOTlgpjSVmThiKUHZcoJnjAmpprwTqRZMR3BWu747u5354wqXgYPOokYo5PhgH3OCXaSE7xqnZTwhj3Soks9vMFXMYLoHVip6QAKRr9/FdvENLYZ4GmgijVtXGknSmRmlPBZrlerFhE6JgMWdfQgPhMOdPF0TN0YZQB8kJpKtBoof6emBJfqcR3TadP9EitenPxP68ba+/amfIgijUL6HKRFwukQzRPAA24ZFSLxBBCJTe3IjoiklBtcsqZEOzVl9dJq1K2q+XqQ6VQv03jyMIZnMMl2FCDOtxDA5pA4Qme4RXerIn1Yr1bH8vWjJXOnMIfWJ8/smGQHw==</latexit>

379, 000 yr



Our larger questions: 

(1) Is             physically plausible being unstable?
<latexit sha1_base64="j9yGegMxTSRq02AMp5wEiI0rhXk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxLlwoVLAPaEKZTKbt0MkkzEwKJfRP3LhQxK1/4s6/cdpmoa0HBg7n3MO9c4KEM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwag+89tjKhWLxZOeJNSP8ECwPiNYG6ln25knI+/eBEKM6rcP055ddirOHGiVuDkpQ45Gz/7ywpikERWacKxU13US7WdYakY4nZa8VNEEkxEe0K6hAkdU+dn88ik6M0qI+rE0T2g0V38nMhwpNYkCMxlhPVTL3kz8z+umun/tZ0wkqaaCLBb1U450jGY1oJBJSjSfGIKJZOZWRIZYYqJNWSVTgrv85VXSuqi41Ur18bJcu8nrKMIJnMI5uHAFNbiDBjSBwBie4RXerMx6sd6tj8Vowcozx/AH1ucPwYuTGg==</latexit>

⇤CDM



Our larger questions: 

(1) Is             physically plausible being unstable?
<latexit sha1_base64="j9yGegMxTSRq02AMp5wEiI0rhXk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxLlwoVLAPaEKZTKbt0MkkzEwKJfRP3LhQxK1/4s6/cdpmoa0HBg7n3MO9c4KEM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwag+89tjKhWLxZOeJNSP8ECwPiNYG6ln25knI+/eBEKM6rcP055ddirOHGiVuDkpQ45Gz/7ywpikERWacKxU13US7WdYakY4nZa8VNEEkxEe0K6hAkdU+dn88ik6M0qI+rE0T2g0V38nMhwpNYkCMxlhPVTL3kz8z+umun/tZ0wkqaaCLBb1U450jGY1oJBJSjSfGIKJZOZWRIZYYqJNWSVTgrv85VXSuqi41Ur18bJcu8nrKMIJnMI5uHAFNbiDBjSBwBie4RXerMx6sd6tj8Vowcozx/AH1ucPwYuTGg==</latexit>

⇤CDM

(Einstein’s static model was discarded when 
shown to be unstable.)



Our larger questions: 

Could Dark Energy somehow be accounted 
for by the accelerations induced by the 
instability of Friedmann spacetimes?

(2) 

(Einstein’s static model was discarded when 
shown to be unstable.)

(1) Is             physically plausible being unstable?
<latexit sha1_base64="j9yGegMxTSRq02AMp5wEiI0rhXk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxLlwoVLAPaEKZTKbt0MkkzEwKJfRP3LhQxK1/4s6/cdpmoa0HBg7n3MO9c4KEM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwag+89tjKhWLxZOeJNSP8ECwPiNYG6ln25knI+/eBEKM6rcP055ddirOHGiVuDkpQ45Gz/7ywpikERWacKxU13US7WdYakY4nZa8VNEEkxEe0K6hAkdU+dn88ik6M0qI+rE0T2g0V38nMhwpNYkCMxlhPVTL3kz8z+umun/tZ0wkqaaCLBb1U450jGY1oJBJSjSfGIKJZOZWRIZYYqJNWSVTgrv85VXSuqi41Ur18bJcu8nrKMIJnMI5uHAFNbiDBjSBwBie4RXerMx6sd6tj8Vowcozx/AH1ucPwYuTGg==</latexit>

⇤CDM



Our larger questions: 

Could Dark Energy somehow be accounted 
for by the accelerations induced by the 
instability of Friedmann spacetimes?

(2) 

Problem:  Radial perturbations create a center 
which violates the Copernican Principle.

(1) Is             physically plausible being unstable?
<latexit sha1_base64="j9yGegMxTSRq02AMp5wEiI0rhXk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WWxLlwoVLAPaEKZTKbt0MkkzEwKJfRP3LhQxK1/4s6/cdpmoa0HBg7n3MO9c4KEM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwag+89tjKhWLxZOeJNSP8ECwPiNYG6ln25knI+/eBEKM6rcP055ddirOHGiVuDkpQ45Gz/7ywpikERWacKxU13US7WdYakY4nZa8VNEEkxEe0K6hAkdU+dn88ik6M0qI+rE0T2g0V38nMhwpNYkCMxlhPVTL3kz8z+umun/tZ0wkqaaCLBb1U450jGY1oJBJSjSfGIKJZOZWRIZYYqJNWSVTgrv85VXSuqi41Ur18bJcu8nrKMIJnMI5uHAFNbiDBjSBwBie4RXerMx6sd6tj8Vowcozx/AH1ucPwYuTGg==</latexit>

⇤CDM

(Einstein’s static model was discarded when 
shown to be unstable.)



Friedmann Spacetimes  



Friedmann metric in co-moving coordinates:   

Friedmann Spacetimes  



ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

<latexit sha1_base64="2sUR4D6yi8+24PqtrJwVqS6DLjA="></latexit>

d⌦2 = d✓2 + sin2 ✓ d�2

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

<latexit sha1_base64="2sUR4D6yi8+24PqtrJwVqS6DLjA="></latexit>

d⌦2 = d✓2 + sin2 ✓ d�2

One parameter    <latexit sha1_base64="/sqsKH1XkzlQjAJuVbSgQvxsRw8=">AAAB+XicbZC7TsMwFIZPyq0ttwAjS0SFxEKVMBSGDhUsjEWiF9FGleM6rVXHiWynIor6IEgsDCDEwsCbsPE04DYdoOWXLH36zzk6x78XMSqVbX8ZuZXVtfWNfKG4ubW9s2vu7TdlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Y2upvXWmAhJQ36rkoi4ARpw6lOMlLZ6pnnapdxXSXVUzaBnluyyPZO1DM4cSrVC9HD3fv9d75mf3X6I44BwhRmSsuPYkXJTJBTFjEyK3ViSCOERGpCORo4CIt10dvnEOtZO3/JDoR9X1sz9PZGiQMok8HRngNRQLtam5n+1Tqz8CzelPIoV4Thb5MfMUqE1jcHqU0GwYokGhAXVt1p4iATCSodV1CE4i19ehuZZ2amUKzc6jUvIlIdDOIITcOAcanANdWgAhjE8wjO8GKnxZLwab1lrzpjPHMAfGR8/Y8aXQA==</latexit>

�1 < k < 1

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”
<latexit sha1_base64="i6GBzZh0vQW/rMNHIUlmv+K+rDY=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7i2ghGLSxjGg+IDnC3mYvWbK3d+zOCSHkJ9hYKGLrL7Lzp9i5uaTQxBcWHt53hp2ZIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z585FrI2L1gKOE+xHtKxEKRtFa98NLt1ssuWU3E1kGbw6lq+8wU61b/Oz0YpZGXCGT1Ji25yboj6lGwSSfFDqp4QllQ9rnbYuKRtz442zUCTmxTo+EsbZPIcnc3x1jGhkzigJbGVEcmMVsav6XtVMML/yxUEmKXLHZR2EqCcZkujfpCc0ZypEFyrSwsxI2oJoytNcp2CN4iysvQ+Os7FXKlTu3VL2GmfJwBMdwCh6cQxVuoQZ1YNCHJ3iBV0c6z86b8z4rzTnznkP4I+fjB6ASkRI=</latexit>

k < 0 negative curvature- “Underdense”

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”
<latexit sha1_base64="i6GBzZh0vQW/rMNHIUlmv+K+rDY=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7i2ghGLSxjGg+IDnC3mYvWbK3d+zOCSHkJ9hYKGLrL7Lzp9i5uaTQxBcWHt53hp2ZIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z585FrI2L1gKOE+xHtKxEKRtFa98NLt1ssuWU3E1kGbw6lq+8wU61b/Oz0YpZGXCGT1Ji25yboj6lGwSSfFDqp4QllQ9rnbYuKRtz442zUCTmxTo+EsbZPIcnc3x1jGhkzigJbGVEcmMVsav6XtVMML/yxUEmKXLHZR2EqCcZkujfpCc0ZypEFyrSwsxI2oJoytNcp2CN4iysvQ+Os7FXKlTu3VL2GmfJwBMdwCh6cQxVuoQZ1YNCHJ3iBV0c6z86b8z4rzTnznkP4I+fjB6ASkRI=</latexit>

k < 0 negative curvature- “Underdense”
positive curvature-  “Overdense”

<latexit sha1_base64="rzVMXV3QEWNTFnCw4PQTXul8AHM=">AAAB6nicbZA9TwJBEIbn8AvxC7W02UhMrMidBVop0cYSo3wkcCF7yx5s2Nu77M6ZEMJPsLHQGFt/kZ0/xc7loFDwTTZ58r4z2ZkJEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZpo3H7k2IlYPOEq4H9G+EqFgFK11P7x0u8WSW3YzkWXw5lC6+g4z1brFz04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etqhoxI0/zkadkBPr9EgYa/sUksz93TGmkTGjKLCVEcWBWcym5n9ZO8Xwwh8LlaTIFZt9FKaSYEyme5Oe0JyhHFmgTAs7K2EDqilDe52CPYK3uPIyNM7KXqVcuXNL1WuYKQ9HcAyn4ME5VOEWalAHBn14ghd4daTz7Lw577PSnDPvOYQ/cj5+AKMckRQ=</latexit>

k > 0

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”
<latexit sha1_base64="i6GBzZh0vQW/rMNHIUlmv+K+rDY=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7i2ghGLSxjGg+IDnC3mYvWbK3d+zOCSHkJ9hYKGLrL7Lzp9i5uaTQxBcWHt53hp2ZIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z585FrI2L1gKOE+xHtKxEKRtFa98NLt1ssuWU3E1kGbw6lq+8wU61b/Oz0YpZGXCGT1Ji25yboj6lGwSSfFDqp4QllQ9rnbYuKRtz442zUCTmxTo+EsbZPIcnc3x1jGhkzigJbGVEcmMVsav6XtVMML/yxUEmKXLHZR2EqCcZkujfpCc0ZypEFyrSwsxI2oJoytNcp2CN4iysvQ+Os7FXKlTu3VL2GmfJwBMdwCh6cQxVuoQZ1YNCHJ3iBV0c6z86b8z4rzTnznkP4I+fjB6ASkRI=</latexit>

k < 0 negative curvature- “Underdense”
positive curvature-  “Overdense”

<latexit sha1_base64="rzVMXV3QEWNTFnCw4PQTXul8AHM=">AAAB6nicbZA9TwJBEIbn8AvxC7W02UhMrMidBVop0cYSo3wkcCF7yx5s2Nu77M6ZEMJPsLHQGFt/kZ0/xc7loFDwTTZ58r4z2ZkJEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZpo3H7k2IlYPOEq4H9G+EqFgFK11P7x0u8WSW3YzkWXw5lC6+g4z1brFz04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etqhoxI0/zkadkBPr9EgYa/sUksz93TGmkTGjKLCVEcWBWcym5n9ZO8Xwwh8LlaTIFZt9FKaSYEyme5Oe0JyhHFmgTAs7K2EDqilDe52CPYK3uPIyNM7KXqVcuXNL1WuYKQ9HcAyn4ME5VOEWalAHBn14ghd4daTz7Lw577PSnDPvOYQ/cj5+AKMckRQ=</latexit>

k > 0

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

The Friedmann spacetimes describe a 3-dimensional 
space of constant curvature evolving in time.  

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”
<latexit sha1_base64="i6GBzZh0vQW/rMNHIUlmv+K+rDY=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7i2ghGLSxjGg+IDnC3mYvWbK3d+zOCSHkJ9hYKGLrL7Lzp9i5uaTQxBcWHt53hp2ZIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z585FrI2L1gKOE+xHtKxEKRtFa98NLt1ssuWU3E1kGbw6lq+8wU61b/Oz0YpZGXCGT1Ji25yboj6lGwSSfFDqp4QllQ9rnbYuKRtz442zUCTmxTo+EsbZPIcnc3x1jGhkzigJbGVEcmMVsav6XtVMML/yxUEmKXLHZR2EqCcZkujfpCc0ZypEFyrSwsxI2oJoytNcp2CN4iysvQ+Os7FXKlTu3VL2GmfJwBMdwCh6cQxVuoQZ1YNCHJ3iBV0c6z86b8z4rzTnznkP4I+fjB6ASkRI=</latexit>

k < 0 negative curvature- “Underdense”
positive curvature-  “Overdense”

<latexit sha1_base64="rzVMXV3QEWNTFnCw4PQTXul8AHM=">AAAB6nicbZA9TwJBEIbn8AvxC7W02UhMrMidBVop0cYSo3wkcCF7yx5s2Nu77M6ZEMJPsLHQGFt/kZ0/xc7loFDwTTZ58r4z2ZkJEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZpo3H7k2IlYPOEq4H9G+EqFgFK11P7x0u8WSW3YzkWXw5lC6+g4z1brFz04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etqhoxI0/zkadkBPr9EgYa/sUksz93TGmkTGjKLCVEcWBWcym5n9ZO8Xwwh8LlaTIFZt9FKaSYEyme5Oe0JyhHFmgTAs7K2EDqilDe52CPYK3uPIyNM7KXqVcuXNL1WuYKQ9HcAyn4ME5VOEWalAHBn14ghd4daTz7Lw577PSnDPvOYQ/cj5+AKMckRQ=</latexit>

k > 0

Note the gauge freedom                   …   
<latexit sha1_base64="oURaD9Fvg1o00hGg2HwT3v9DAlA=">AAAB9HicbVDLSgNBEOz1GddX1KOXwSCIYNgViR6DXjxGMA9IljA7mU2GzD6c6Q2EkO/w4kERr36MN//G2WQPmljQUFR1093lJ1JodJxva2V1bX1js7Blb+/s7u0XDw4bOk4V43UWy1i1fKq5FBGvo0DJW4niNPQlb/rDu8xvjrjSIo4ecZxwL6T9SASCUTSSR7CDMcEL7J7bdrdYcsrODGSZuDkpQY5at/jV6cUsDXmETFKt266ToDehCgWTfGp3Us0Tyoa0z9uGRjTk2pvMjp6SU6P0SBArUxGSmfp7YkJDrcehbzpDigO96GXif147xeDGm4goSZFHbL4oSCXJHjUJkJ5QnKEcG0KZEuZWwgZUUYYmpywEd/HlZdK4LLuVcuXhqlS9zeMowDGcwBm4cA1VuIca1IHBEzzDK7xZI+vFerc+5q0rVj5zBH9gff4AjwCQrA==</latexit>

t ! t� t⇤

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



3-space of 
 constant curvature 

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0 zero curvature (flat)- “Critical”
<latexit sha1_base64="i6GBzZh0vQW/rMNHIUlmv+K+rDY=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7i2ghGLSxjGg+IDnC3mYvWbK3d+zOCSHkJ9hYKGLrL7Lzp9i5uaTQxBcWHt53hp2ZIJHCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z585FrI2L1gKOE+xHtKxEKRtFa98NLt1ssuWU3E1kGbw6lq+8wU61b/Oz0YpZGXCGT1Ji25yboj6lGwSSfFDqp4QllQ9rnbYuKRtz442zUCTmxTo+EsbZPIcnc3x1jGhkzigJbGVEcmMVsav6XtVMML/yxUEmKXLHZR2EqCcZkujfpCc0ZypEFyrSwsxI2oJoytNcp2CN4iysvQ+Os7FXKlTu3VL2GmfJwBMdwCh6cQxVuoQZ1YNCHJ3iBV0c6z86b8z4rzTnznkP4I+fjB6ASkRI=</latexit>

k < 0 negative curvature- “Underdense”
positive curvature-  “Overdense”

<latexit sha1_base64="rzVMXV3QEWNTFnCw4PQTXul8AHM=">AAAB6nicbZA9TwJBEIbn8AvxC7W02UhMrMidBVop0cYSo3wkcCF7yx5s2Nu77M6ZEMJPsLHQGFt/kZ0/xc7loFDwTTZ58r4z2ZkJEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZpo3H7k2IlYPOEq4H9G+EqFgFK11P7x0u8WSW3YzkWXw5lC6+g4z1brFz04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etqhoxI0/zkadkBPr9EgYa/sUksz93TGmkTGjKLCVEcWBWcym5n9ZO8Xwwh8LlaTIFZt9FKaSYEyme5Oe0JyhHFmgTAs7K2EDqilDe52CPYK3uPIyNM7KXqVcuXNL1WuYKQ9HcAyn4ME5VOEWalAHBn14ghd4daTz7Lw577PSnDPvOYQ/cj5+AKMckRQ=</latexit>

k > 0

ds2 = �dt2 + R(t)2
�

dr2

1�kr2 + r2d�2
⇥

          is determined by the Einstein equations… 
<latexit sha1_base64="lZFxJnf59S6RjCvMWICz3oWns8o=">AAAB63icbVBNSwMxEJ31s9avqkcvoUWoCGXXQ/VY9OKxiv2AdinZNG1Dk+ySZIVl6V/woqCIV/+Qt/4bs20P2vpg4PHeDDPzgogzbVx36qytb2xubed28rt7+weHhaPjpg5jRWiDhDxU7QBrypmkDcMMp+1IUSwCTlvB+DbzW09UaRbKR5NE1Bd4KNmAEWwy6aFsznuFkltxZ0CrxFuQUq3YvXid1pJ6r/Dd7YckFlQawrHWHc+NjJ9iZRjhdJLvxppGmIzxkHYslVhQ7aezWyfozCp9NAiVLWnQTP09kWKhdSIC2ymwGellLxP/8zqxGVz7KZNRbKgk80WDmCMTouxx1GeKEsMTSzBRzN6KyAgrTIyNJ29D8JZfXiXNy4pXrVTvbRo3MEcOTqEIZfDgCmpwB3VoAIERPMMbvDvCeXE+nM9565qzmDmBP3C+fgBl+pDP</latexit>

R(t)

Friedmann Spacetimes  

Friedmann metric in co-moving coordinates:   



Standard Model of Cosmology



Standard Model of Cosmology

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}

FRW metric           :          
<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0



Standard Model of Cosmology

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}

Measures distance between galaxies 
at each fixed  t

FRW metric           :          

D = Rr

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0



Standard Model of Cosmology

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}

Measures distance between galaxies 
at each fixed  t

galaxy galaxy

FRW metric           :          

D = Rr

D = R(t)r
r=constr=0

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0



Standard Model of Cosmology

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}

Measures distance between galaxies 
at each fixed  t

galaxy galaxy

Conclude: Ḋ = Ṙr =
Ṙ

R
Rr = HD

FRW metric           :          

D = Rr

D = R(t)r
r=constr=0

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>
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Ṙ

R
Rr = HD

FRW metric           :          

D = Rr

D = R(t)r
r=constr=0

<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0

Hubble’s 
Law
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Ṙ
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Ḋ = HD

D = Rr

D = R(t)r

Hubble’s Constant � H � Ṙ
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Equations close with equation of state:     
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<latexit sha1_base64="tqJwVnyoyMx0lhvm6wzo2FemYXM=">AAAB7nicbVDJSgNBEK2JW4xb1KOXJkGMCGHGQ/QkQS8eo5gFkiH0dHqSJj0L3TXCEPIRgnhQxKvf4y1/Y2c5aPRBweO9KqrqebEUGm17YmVWVtfWN7Kbua3tnd29/P5BQ0eJYrzOIhmplkc1lyLkdRQoeStWnAae5E1veDP1m49caRGFD5jG3A1oPxS+YBSN1Lw/KeHpld3NF+2yPQP5S5wFKVYLnbPnSTWtdfNfnV7EkoCHyCTVuu3YMbojqlAwyce5TqJ5TNmQ9nnb0JAGXLuj2bljcmyUHvEjZSpEMlN/ToxooHUaeKYzoDjQy95U/M9rJ+hfuiMRxgnykM0X+YkkGJHp76QnFGcoU0MoU8LcStiAKsrQJJQzITjLL/8ljfOyUylX7kwa1zBHFo6gACVw4AKqcAs1qAODITzBK7xZsfVivVsf89aMtZg5hF+wPr8BuiKRgg==</latexit>

R0(t) > 0

<latexit sha1_base64="+UYGOkZBxB7XOMBBJvlBvrAj5M4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJB/VQsOjFYwX7gW0om+2mXbrZhN2JEEL/hRcPinj133jzp3hzm/agrS8sPLzvDDszfiy4Rsf5sgorq2vrG8XN0tb2zu5eef+gpaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf30zz9iNTmkfyHtOYeSEZSh5wStBYD04Naz0uA0z75YpTdXLZy+DOoXL1HeRq9MufvUFEk5BJpIJo3XWdGL2MKORUsEmpl2gWEzomQ9Y1KEnItJflE0/sE+MM7CBS5km0c/d3R0ZCrdPQN5UhwZFezKbmf1k3weDSy7iME2SSzj4KEmFjZE/XtwdcMYoiNUCo4mZWm46IIhTNkUrmCO7iysvQOqu659XzO6dSv4aZinAEx3AKLlxAHW6hAU2gIOEJXuDV0taz9Wa9z0oL1rznEP7I+vgB65eUIw==</latexit>

0 < t < 1
<latexit sha1_base64="+UYGOkZBxB7XOMBBJvlBvrAj5M4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL8EieCqJB/VQsOjFYwX7gW0om+2mXbrZhN2JEEL/hRcPinj133jzp3hzm/agrS8sPLzvDDszfiy4Rsf5sgorq2vrG8XN0tb2zu5eef+gpaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf30zz9iNTmkfyHtOYeSEZSh5wStBYD04Naz0uA0z75YpTdXLZy+DOoXL1HeRq9MufvUFEk5BJpIJo3XWdGL2MKORUsEmpl2gWEzomQ9Y1KEnItJflE0/sE+MM7CBS5km0c/d3R0ZCrdPQN5UhwZFezKbmf1k3weDSy7iME2SSzj4KEmFjZE/XtwdcMYoiNUCo4mZWm46IIhTNkUrmCO7iysvQOqu659XzO6dSv4aZinAEx3AKLlxAHW6hAU2gIOEJXuDV0taz9Wa9z0oL1rznEP7I+vgB65eUIw==</latexit>

0 < t < 1
<latexit sha1_base64="KINEtcITRrhGBStNFVcOpz9UZuw=">AAAB8nicbVC7SgNBFJ31GeMrKtjYDAbBKuxaRIsUITaWCZgHbJYwO5kkQ2Z2lpm7YljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wljwQ247pezsrq2vrGZ2cpu7+zu7ecODhtGJZqyOlVC6VZIDBM8YnXgIFgr1ozIULBmOLye+M07pg1X0S2MYhZI0o94j1MCVvLdEpSgk0pyP+7k8m7BnQIvE29O8uXj2jd/r3xUO7nPdlfRRLIIqCDG+J4bQ5ASDZwKNs62E8NiQoekz3xLIyKZCdLpyWN8ZpUu7iltKwI8VX9PpEQaM5Kh7ZQEBmbRm4j/eX4Cvasg5VGcAIvobFEvERgUnvyPu1wzCmJkCaGa21sxHRBNKNiUsjYEb/HlZdK4KHjFQrFm06igGTLoBJ2ic+ShS1RGN6iK6ogihR7QE3p2wHl0XpzXWeuKM585Qn/gvP0A6rKUvQ==</latexit>

0 < t < tmax

Friedmann Spacetimes  
<latexit sha1_base64="k7KlP6pQBrJdGq/8XKbXFszbkUg=">AAAB+3icbVDLSsNAFJ2o1VpfsS4FCRahbkriooogFN24bMU+oAlhMp20QycPZm7EErL0N9y4UMSt4He48xv8CaePhbYeuHA4517uvceLOZNgml/a0vJKbnUtv17Y2Nza3tF3iy0ZJYLQJol4JDoelpSzkDaBAaedWFAceJy2veHV2G/fUSFZFN7CKKZOgPsh8xnBoCRXL9qcBW4KNkRmdlOG4wvT1UtmxZzAWCTWjJRq57mDj8b3Q93VP+1eRJKAhkA4lrJrmTE4KRbACKdZwU4kjTEZ4j7tKhrigEonndyeGUdK6Rl+JFSFYEzU3xMpDqQcBZ7qDDAM5Lw3Fv/zugn4Z07KwjgBGpLpIj/hBkTGOAijxwQlwEeKYCKYutUgAywwARVXQYVgzb+8SFonFataqTZUGpdoijzaR4eojCx0imroGtVRExF0jx7RM3rRMu1Je9Xepq1L2mxmD/2B9v4DIyOW2A==</latexit>

lim
t!0

R(t) = 0



Standard Model of Cosmology <latexit sha1_base64="teGvyTNZL+0dDLf/1P+DSmOG2KI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFunChUME+YDqUTCZtQzPJkGSEMvQz3LhQxK1f486/MW1nodUDgcM555J7T5hwpo3rfjmFldW19Y3iZmlre2d3r7x/0NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx42Z33mkSjMpHswkoUGMh4INGMHGSn7v1kYjjBrXd/1yxa26c6C/xMtJBXI0++XPXiRJGlNhCMda+56bmCDDyjDC6bTUSzVNMBnjIfUtFTimOsjmK0/RiVUiNJDKPmHQXP05keFY60kc2mSMzUgvezPxP89PzeAyyJhIUkMFWXw0SDkyEs3uRxFTlBg+sQQTxeyuiIywwsTYlkq2BG/55L+kfVb1atXa/XmlfpXXUYQjOIZT8OAC6nADTWgBAQlP8AKvjnGenTfnfREtOPnMIfyC8/ENII+QhA==</latexit>

⇤CDM(               )



ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}
<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0“Critical” (            )

Standard Model of Cosmology <latexit sha1_base64="teGvyTNZL+0dDLf/1P+DSmOG2KI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFunChUME+YDqUTCZtQzPJkGSEMvQz3LhQxK1f486/MW1nodUDgcM555J7T5hwpo3rfjmFldW19Y3iZmlre2d3r7x/0NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx42Z33mkSjMpHswkoUGMh4INGMHGSn7v1kYjjBrXd/1yxa26c6C/xMtJBXI0++XPXiRJGlNhCMda+56bmCDDyjDC6bTUSzVNMBnjIfUtFTimOsjmK0/RiVUiNJDKPmHQXP05keFY60kc2mSMzUgvezPxP89PzeAyyJhIUkMFWXw0SDkyEs3uRxFTlBg+sQQTxeyuiIywwsTYlkq2BG/55L+kfVb1atXa/XmlfpXXUYQjOIZT8OAC6nADTWgBAQlP8AKvjnGenTfnfREtOPnMIfyC8/ENII+QhA==</latexit>

⇤CDM(               )



Hubble’s Law:

Ḋ = HD

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}
<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0“Critical” (            )

Standard Model of Cosmology <latexit sha1_base64="teGvyTNZL+0dDLf/1P+DSmOG2KI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFunChUME+YDqUTCZtQzPJkGSEMvQz3LhQxK1f486/MW1nodUDgcM555J7T5hwpo3rfjmFldW19Y3iZmlre2d3r7x/0NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx42Z33mkSjMpHswkoUGMh4INGMHGSn7v1kYjjBrXd/1yxa26c6C/xMtJBXI0++XPXiRJGlNhCMda+56bmCDDyjDC6bTUSzVNMBnjIfUtFTimOsjmK0/RiVUiNJDKPmHQXP05keFY60kc2mSMzUgvezPxP89PzeAyyJhIUkMFWXw0SDkyEs3uRxFTlBg+sQQTxeyuiIywwsTYlkq2BG/55L+kfVb1atXa/XmlfpXXUYQjOIZT8OAC6nADTWgBAQlP8AKvjnGenTfnfREtOPnMIfyC8/ENII+QhA==</latexit>

⇤CDM(               )



Hubble’s Law:

Conclude--

``The universe is expanding like a balloon’’

Ḋ = HD

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}
<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0“Critical” (            )

Standard Model of Cosmology <latexit sha1_base64="teGvyTNZL+0dDLf/1P+DSmOG2KI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFunChUME+YDqUTCZtQzPJkGSEMvQz3LhQxK1f486/MW1nodUDgcM555J7T5hwpo3rfjmFldW19Y3iZmlre2d3r7x/0NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx42Z33mkSjMpHswkoUGMh4INGMHGSn7v1kYjjBrXd/1yxa26c6C/xMtJBXI0++XPXiRJGlNhCMda+56bmCDDyjDC6bTUSzVNMBnjIfUtFTimOsjmK0/RiVUiNJDKPmHQXP05keFY60kc2mSMzUgvezPxP89PzeAyyJhIUkMFWXw0SDkyEs3uRxFTlBg+sQQTxeyuiIywwsTYlkq2BG/55L+kfVb1atXa/XmlfpXXUYQjOIZT8OAC6nADTWgBAQlP8AKvjnGenTfnfREtOPnMIfyC8/ENII+QhA==</latexit>

⇤CDM(               )



Hubble’s Law:

Conclude--

``The universe is expanding like a balloon’’

Ḋ = HD

R = 0Big Bang

ds
2 = −dt

2 + R(t)2
{

dr
2 + r

2
dΩ2

}
<latexit sha1_base64="6WyIrG+5uIxzoWZIoCYvPT05QAU=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXKibYtGNy4r2Au1QMmmmDc0kQ5IRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzwoQzbTzv28ktLa+sruXX3Y3Nre2dwu5eXctUEVojkkvVDLGmnAlaM8xw2kwUxXHIaSMcXI3zxj1VmklxZ4YJDWLcEyxiBBtr3Q7KXqdQ9EreRGgR/BkULz7ccvL25VY7hc92V5I0psIQjrVu+V5iggwrwwinI7edappgMsA92rIocEx1kE1GHaEj63RRJJV9wqCJ+7sjw7HWwzi0lTE2fT2fjc3/slZqovMgYyJJDRVk+lGUcmQkGu+NukxRYvjQAiaK2VkR6WOFibHXce0R/PmVF6F+UvJPS6c3XrFyCVPl4QAO4Rh8OIMKXEMVakCgBw/wBM8Odx6dF+d1WppzZj378EfO+w8lzZC4</latexit>

k = 0“Critical” (            )

Standard Model of Cosmology <latexit sha1_base64="teGvyTNZL+0dDLf/1P+DSmOG2KI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFunChUME+YDqUTCZtQzPJkGSEMvQz3LhQxK1f486/MW1nodUDgcM555J7T5hwpo3rfjmFldW19Y3iZmlre2d3r7x/0NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx42Z33mkSjMpHswkoUGMh4INGMHGSn7v1kYjjBrXd/1yxa26c6C/xMtJBXI0++XPXiRJGlNhCMda+56bmCDDyjDC6bTUSzVNMBnjIfUtFTimOsjmK0/RiVUiNJDKPmHQXP05keFY60kc2mSMzUgvezPxP89PzeAyyJhIUkMFWXw0SDkyEs3uRxFTlBg+sQQTxeyuiIywwsTYlkq2BG/55L+kfVb1atXa/XmlfpXXUYQjOIZT8OAC6nADTWgBAQlP8AKvjnGenTfnfREtOPnMIfyC8/ENII+QhA==</latexit>

⇤CDM(               )



The Hubble “Constant’’ at present time
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The Hubble “Constant’’ at present time

The inverse Hubble Constant estimates 
the Age of the Universe

c

H0
is the distance of light travel since the Big Bang,

 a measure of the size of the visible universe

1

H0
⇡ 1010 years ⇡ age of universe

<latexit sha1_base64="t1TICp/yHCLl1QlgLzl4q4Jle24="></latexit>

c

H0
=Hubble Radius ⇡ 10

10lightyears
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Incorporating Dark Energy into Friedmann

Gij = 8πTij + Λgij

Assume Einstein equations with a cosmological constant:

Cosmological
Constant

Stress
Energy
Tensor

“Energy-momentum
density and flux”

<latexit sha1_base64="kz5CRcav9XLWkWD95tH5yIRfscA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahQim7ItVj0YvHCvYD26Vk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hY6bHcUyNZiSvJeb9YcqvuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/nF0/RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDaT5mIE0MFWSwKE46MRLP30YApSgyfWIKJYvZWREZYYWJsSAUbgrf88ippXVS9WrV2f1mq32Rx5OEETqEMHlxBHe6gAU0gIOAZXuHN0c6L8+58LFpzTjZzDH/gfP4AaKuQHA==</latexit>

(⇢, p, u)

“Anti-gravitating source

attributed to Dark Energy”



Incorporating Dark Energy into Friedmann

Gij = 8πTij + Λgij

Assume Einstein equations with a cosmological constant:

Cosmological
Constant

Stress
Energy
Tensor

Einstein
Curvature
Tensor

“Energy-momentum
density and flux”

<latexit sha1_base64="kz5CRcav9XLWkWD95tH5yIRfscA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahQim7ItVj0YvHCvYD26Vk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hY6bHcUyNZiSvJeb9YcqvuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/nF0/RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDaT5mIE0MFWSwKE46MRLP30YApSgyfWIKJYvZWREZYYWJsSAUbgrf88ippXVS9WrV2f1mq32Rx5OEETqEMHlxBHe6gAU0gIOAZXuHN0c6L8+58LFpzTjZzDH/gfP4AaKuQHA==</latexit>

(⇢, p, u)

“Anti-gravitating source

attributed to Dark Energy”



Incorporating Dark Energy into Friedmann

Gij = 8πTij + Λgij

Assume Einstein equations with a cosmological constant:

Cosmological
Constant

Stress
Energy
Tensor

Einstein
Curvature
Tensor

“Energy-momentum
density and flux”

<latexit sha1_base64="kz5CRcav9XLWkWD95tH5yIRfscA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahQim7ItVj0YvHCvYD26Vk02wbmk2WJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hY6bHcUyNZiSvJeb9YcqvuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/nF0/RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDaT5mIE0MFWSwKE46MRLP30YApSgyfWIKJYvZWREZYYWJsSAUbgrf88ippXVS9WrV2f1mq32Rx5OEETqEMHlxBHe6gAU0gIOAZXuHN0c6L8+58LFpzTjZzDH/gfP4AaKuQHA==</latexit>

(⇢, p, u)

“Anti-gravitating source

attributed to Dark Energy”“Equation for the

unknown metric”
<latexit sha1_base64="t5aE9DDK8WzkP5cu9YpdCUtPh5c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2Fpol5JNs23abLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewzHtzP/8Ylpw5V8sJOEBTEZSB5xSqyTWoNexkfTXrniVb058Crxc1KBHI1e+avbVzSNmbRUEGM6vpfYICPacirYtNRNDUsIHZMB6zgqScxMkM2vneIzp/RxpLQrafFc/T2RkdiYSRy6zpjYoVn2ZuJ/Xie10XWQcZmklkm6WBSlAluFZ6/jPteMWjFxhFDN3a2YDokm1LqASi4Ef/nlVdK6qPq1au3+slK/yeMowgmcwjn4cAV1uIMGNIHCCJ7hFd6QQi/oHX0sWgsonzmGP0CfP9afj1I=</latexit>gij
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Implies:  The universe is 70 percent dark energy

Best data fit leads to ⌦⇤ ⇡ .7 and ⌦M ⇡ .3
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We carry out a stability analysis in Standard 
Schwarzschild Coordinates (SSC) when p=0…

SSC is better aligned with the physics than co-
moving coordinates.



Standard Schwarzschild Coordinates



ds2 = �D(t, r̄)dt̄2 + E(t̄, r̄)dt̄dr̄ + F (t̄, r̄)dr̄2 + G(t̄, r̄)d⌦2

A General Spherically Symmetric metric

Standard Schwarzschild Coordinates



ds2 = �D(t, r̄)dt̄2 + E(t̄, r̄)dt̄dr̄ + F (t̄, r̄)dr̄2 + G(t̄, r̄)d⌦2

A General Spherically Symmetric metric

Standard Schwarzschild Coordinates

<latexit sha1_base64="3zvBgubm6QPIe86m9PXA3//YsYI=">AAACFHicbZDLSgMxFIYzXmu9VV26GSyCUCkzRaoboejGnRVsK3TaksmctqGZzJCcEcrQh3Djq7hxoYhbF+58G9PLQq0/BL785xyS8/ux4Bod58taWFxaXlnNrGXXNza3tnM7u3UdJYpBjUUiUnc+1SC4hBpyFHAXK6ChL6DhDy7H9cY9KM0jeYvDGFoh7Une5YyisTq5QuBdh9Cj7dJ54GEf0FDB01y2S+n0PvKOAy/u83apk8s7RWciex7cGeTJTNVO7tMLIpaEIJEJqnXTdWJspVQhZwJGWS/REFM2oD1oGpQ0BN1KJ0uN7EPjBHY3UuZItCfuz4mUhloPQ990hhT7+m9tbP5XaybYPWulXMYJgmTTh7qJsDGyxwnZAVfAUAwNUKa4+avN+lRRhibHrAnB/bvyPNRLRbdcLN+c5CsXszgyZJ8ckCPiklNSIVekSmqEkQfyRF7Iq/VoPVtv1vu0dcGazeyRX7I+vgHtbZ4k</latexit>

d⌦2 = d✓2 + sin2 ✓ d�2



(t̄, r̄)! (t, r)

ds2 = �D(t, r̄)dt̄2 + E(t̄, r̄)dt̄dr̄ + F (t̄, r̄)dr̄2 + G(t̄, r̄)d⌦2

A General Spherically Symmetric metric

Transforms to SSC form:

Standard Schwarzschild Coordinates



(t̄, r̄)! (t, r)

ds2 = �D(t, r̄)dt̄2 + E(t̄, r̄)dt̄dr̄ + F (t̄, r̄)dr̄2 + G(t̄, r̄)d⌦2

A General Spherically Symmetric metric

Transforms to SSC form:

ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

Standard Schwarzschild Coordinates



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 
(Normal Gauge)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t(Normal Gauge)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t(Normal Gauge)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="9zFe86ki+gFss7v40Tk/g89Cubg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ9OKxgmkLbSibzaZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6SCa3Scb6u0tr6xuVXeruzs7u0fVA+P2jrJFGUeTUSiugHRTHDJPOQoWDdVjMSBYJ1gfDfzO09MaZ7IR5ykzI/JUPKIU4JG8kK8CfWgWnPqzhz2KnELUoMCrUH1qx8mNIuZRCqI1j3XSdHPiUJOBZtW+plmKaFjMmQ9QyWJmfbz+bFT+8wooR0lypREe67+nshJrPUkDkxnTHCkl72Z+J/XyzC69nMu0wyZpItFUSZsTOzZ53bIFaMoJoYQqri51aYjoghFk0/FhOAuv7xK2hd1t1FvPFzWmrdFHGU4gVM4BxeuoAn30AIPKHB4hld4s6T1Yr1bH4vWklXMHMMfWJ8/tS6Oow==</latexit>

dt = ds

(Normal Gauge)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="9zFe86ki+gFss7v40Tk/g89Cubg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ9OKxgmkLbSibzaZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6SCa3Scb6u0tr6xuVXeruzs7u0fVA+P2jrJFGUeTUSiugHRTHDJPOQoWDdVjMSBYJ1gfDfzO09MaZ7IR5ykzI/JUPKIU4JG8kK8CfWgWnPqzhz2KnELUoMCrUH1qx8mNIuZRCqI1j3XSdHPiUJOBZtW+plmKaFjMmQ9QyWJmfbz+bFT+8wooR0lypREe67+nshJrPUkDkxnTHCkl72Z+J/XyzC69nMu0wyZpItFUSZsTOzZ53bIFaMoJoYQqri51aYjoghFk0/FhOAuv7xK2hd1t1FvPFzWmrdFHGU4gVM4BxeuoAn30AIPKHB4hld4s6T1Yr1bH4vWklXMHMMfWJ8/tS6Oow==</latexit>

dt = ds

(Normal Gauge)

<latexit sha1_base64="qDTYuOD8jvKAsZEMKAW1mISrmp0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAiSNgViV6EEC8eI5gHJEuYncwmQ2YfzvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3ebEUGm3721pZXVvf2Mxt5bd3dvf2CweHTR0livEGi2Sk2h7VXIqQN1Cg5O1YcRp4kre80e3Ubz1xpUUUPuA45m5AB6HwBaNopHathOf22Y3TKxTtsj0DWSZORoqQod4rfHX7EUsCHiKTVOuOY8foplShYJJP8t1E85iyER3wjqEhDbh209m9E3JqlD7xI2UqRDJTf0+kNNB6HHimM6A41IveVPzP6yToX7upCOMEecjmi/xEEozI9HnSF4ozlGNDKFPC3ErYkCrK0ESUNyE4iy8vk+ZF2amUK/eXxWotiyMHx3ACJXDgCqpwB3VoAAMJz/AKb9aj9WK9Wx/z1hUrmzmCP7A+fwD+E46m</latexit>

B(t, 0) = 1



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

NG gauge fixes geodesic time at r=0. 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="k36g/p6/Z8gQNYfB0sG8ARA4cdk=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/ZA2lM1m0i7dbOLuRiilv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8mfqtJ1SaJ/LejFL0Y9qXPOKMGis9hKYr8ZGEulcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh28IScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPR7EnKFzIiRJZQpbm8lbEAVZcZmVLQheIsvL5PmecWrVqp3F+XadR5HAY7hBM7Ag0uowS3UoQEMYniGV3hzlPPivDsf89YVJ585gj9wPn8Anf6QTg==</latexit>

dt 6= ds<latexit sha1_base64="9zFe86ki+gFss7v40Tk/g89Cubg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1YtQ9OKxgmkLbSibzaZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6SCa3Scb6u0tr6xuVXeruzs7u0fVA+P2jrJFGUeTUSiugHRTHDJPOQoWDdVjMSBYJ1gfDfzO09MaZ7IR5ykzI/JUPKIU4JG8kK8CfWgWnPqzhz2KnELUoMCrUH1qx8mNIuZRCqI1j3XSdHPiUJOBZtW+plmKaFjMmQ9QyWJmfbz+bFT+8wooR0lypREe67+nshJrPUkDkxnTHCkl72Z+J/XyzC69nMu0wyZpItFUSZsTOzZ53bIFaMoJoYQqri51aYjoghFk0/FhOAuv7xK2hd1t1FvPFzWmrdFHGU4gVM4BxeuoAn30AIPKHB4hld4s6T1Yr1bH4vWklXMHMMfWJ8/tS6Oow==</latexit>

dt = ds

(Normal Gauge)

<latexit sha1_base64="qDTYuOD8jvKAsZEMKAW1mISrmp0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAiSNgViV6EEC8eI5gHJEuYncwmQ2YfzvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3ebEUGm3721pZXVvf2Mxt5bd3dvf2CweHTR0livEGi2Sk2h7VXIqQN1Cg5O1YcRp4kre80e3Ubz1xpUUUPuA45m5AB6HwBaNopHathOf22Y3TKxTtsj0DWSZORoqQod4rfHX7EUsCHiKTVOuOY8foplShYJJP8t1E85iyER3wjqEhDbh209m9E3JqlD7xI2UqRDJTf0+kNNB6HHimM6A41IveVPzP6yToX7upCOMEecjmi/xEEozI9HnSF4ozlGNDKFPC3ErYkCrK0ESUNyE4iy8vk+ZF2amUK/eXxWotiyMHx3ACJXDgCqpwB3VoAAMJz/AKb9aj9WK9Wx/z1hUrmzmCP7A+fwD+E46m</latexit>

B(t, 0) = 1



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

There’s still one gauge freedom left in SSC
<latexit sha1_base64="qhQZ142Ja1xL4tLqDZdyx8CRN3I=">AAAB83icbVDLSsNAFJ3UV42vquDGzWARRLAkLqrLUjcuW7APaEKZTKft0MkkzNwIJfQ33LhQxG3/wi9w58ZvcdJ2oa0HLhzOuZd77wliwTU4zpeVW1vf2NzKb9s7u3v7B4XDo6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHSX+a1HpjSP5AOMY+aHZCB5n1MCRvLAgwjDFXQvbbtbKDolZwa8StwFKVZO6t98Wv2odQufXi+iScgkUEG07rhODH5KFHAq2MT2Es1iQkdkwDqGShIy7aezmyf43Cg93I+UKQl4pv6eSEmo9TgMTGdIYKiXvUz8z+sk0L/1Uy7jBJik80X9RODsURMA7nHFKIixIYQqbm7FdEgUoWBiykJwl19eJc3rklsulesmjSqaI49O0Rm6QC66QRV0j2qogSiK0RN6Qa9WYj1bb9b7vDVnLWaO0R9Y0x8WrpQf</latexit>

t ! t� t⇤

NG gauge fixes geodesic time at r=0. 



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

There’s still one gauge freedom left in SSC
<latexit sha1_base64="qhQZ142Ja1xL4tLqDZdyx8CRN3I=">AAAB83icbVDLSsNAFJ3UV42vquDGzWARRLAkLqrLUjcuW7APaEKZTKft0MkkzNwIJfQ33LhQxG3/wi9w58ZvcdJ2oa0HLhzOuZd77wliwTU4zpeVW1vf2NzKb9s7u3v7B4XDo6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHSX+a1HpjSP5AOMY+aHZCB5n1MCRvLAgwjDFXQvbbtbKDolZwa8StwFKVZO6t98Wv2odQufXi+iScgkUEG07rhODH5KFHAq2MT2Es1iQkdkwDqGShIy7aezmyf43Cg93I+UKQl4pv6eSEmo9TgMTGdIYKiXvUz8z+sk0L/1Uy7jBJik80X9RODsURMA7nHFKIixIYQqbm7FdEgUoWBiykJwl19eJc3rklsulesmjSqaI49O0Rm6QC66QRV0j2qogSiK0RN6Qa9WYj1bb9b7vDVnLWaO0R9Y0x8WrpQf</latexit>

t ! t� t⇤

NG gauge fixes geodesic time at r=0. 

(Time-translation freedom!)



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

This is very important to our analysis!!

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

<latexit sha1_base64="qhQZ142Ja1xL4tLqDZdyx8CRN3I=">AAAB83icbVDLSsNAFJ3UV42vquDGzWARRLAkLqrLUjcuW7APaEKZTKft0MkkzNwIJfQ33LhQxG3/wi9w58ZvcdJ2oa0HLhzOuZd77wliwTU4zpeVW1vf2NzKb9s7u3v7B4XDo6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHSX+a1HpjSP5AOMY+aHZCB5n1MCRvLAgwjDFXQvbbtbKDolZwa8StwFKVZO6t98Wv2odQufXi+iScgkUEG07rhODH5KFHAq2MT2Es1iQkdkwDqGShIy7aezmyf43Cg93I+UKQl4pv6eSEmo9TgMTGdIYKiXvUz8z+sk0L/1Uy7jBJik80X9RODsURMA7nHFKIixIYQqbm7FdEgUoWBiykJwl19eJc3rklsulesmjSqaI49O0Rm6QC66QRV0j2qogSiK0RN6Qa9WYj1bb9b7vDVnLWaO0R9Y0x8WrpQf</latexit>

t ! t� t⇤

There’s still one gauge freedom left in SSC

NG gauge fixes geodesic time at r=0. 



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

Substituting SSC into the Einstein equations

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

<latexit sha1_base64="qhQZ142Ja1xL4tLqDZdyx8CRN3I=">AAAB83icbVDLSsNAFJ3UV42vquDGzWARRLAkLqrLUjcuW7APaEKZTKft0MkkzNwIJfQ33LhQxG3/wi9w58ZvcdJ2oa0HLhzOuZd77wliwTU4zpeVW1vf2NzKb9s7u3v7B4XDo6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHSX+a1HpjSP5AOMY+aHZCB5n1MCRvLAgwjDFXQvbbtbKDolZwa8StwFKVZO6t98Wv2odQufXi+iScgkUEG07rhODH5KFHAq2MT2Es1iQkdkwDqGShIy7aezmyf43Cg93I+UKQl4pv6eSEmo9TgMTGdIYKiXvUz8z+sk0L/1Uy7jBJik80X9RODsURMA7nHFKIixIYQqbm7FdEgUoWBiykJwl19eJc3rklsulesmjSqaI49O0Rm6QC66QRV0j2qogSiK0RN6Qa9WYj1bb9b7vDVnLWaO0R9Y0x8WrpQf</latexit>

t ! t� t⇤

There’s still one gauge freedom left in SSC

NG gauge fixes geodesic time at r=0. 



ds2 = �B(t, r)dt2 +
1

A(t, r)
dr2 + r2d⌦2 (SSC)

SSC Gauge Freedom

SSC  invariant under time change 
<latexit sha1_base64="yFo4hkscfPZQRNTsufz62h87DoU=">AAAB9HicbVBNS8NAEN3Urxq/qh69hBahIpTEQ/VY9OKxgv2AJpTNdtMu3WTj7qQQQv+F4MWDIl79Md76b9y0PWjrg4HHezPMzPNjzhTY9swobGxube8Ud829/YPDo9LxSVuJRBLaIoIL2fWxopxFtAUMOO3GkuLQ57Tjj+9yvzOhUjERPUIaUy/Ew4gFjGDQkgcuCDcesSpcmGa/VLFr9hzWOnGWpNIou5fPs0ba7Je+3YEgSUgjIBwr1XPsGLwMS2CE06npJorGmIzxkPY0jXBIlZfNj55a51oZWIGQuiKw5urviQyHSqWhrztDDCO16uXif14vgeDGy1gUJ0AjslgUJNwCYeUJWAMmKQGeaoKJZPpWi4ywxAR0TnkIzurL66R9VXPqtfqDTuMWLVBEZ6iMqshB16iB7lETtRBBT+gFvaF3Y2K8Gh/G56K1YCxnTtEfGF8/dvyUOw==</latexit>

t ! �(t)

<latexit sha1_base64="qhQZ142Ja1xL4tLqDZdyx8CRN3I=">AAAB83icbVDLSsNAFJ3UV42vquDGzWARRLAkLqrLUjcuW7APaEKZTKft0MkkzNwIJfQ33LhQxG3/wi9w58ZvcdJ2oa0HLhzOuZd77wliwTU4zpeVW1vf2NzKb9s7u3v7B4XDo6aOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHSX+a1HpjSP5AOMY+aHZCB5n1MCRvLAgwjDFXQvbbtbKDolZwa8StwFKVZO6t98Wv2odQufXi+iScgkUEG07rhODH5KFHAq2MT2Es1iQkdkwDqGShIy7aezmyf43Cg93I+UKQl4pv6eSEmo9TgMTGdIYKiXvUz8z+sk0L/1Uy7jBJik80X9RODsURMA7nHFKIixIYQqbm7FdEgUoWBiykJwl19eJc3rklsulesmjSqaI49O0Rm6QC66QRV0j2qogSiK0RN6Qa9WYj1bb9b7vDVnLWaO0R9Y0x8WrpQf</latexit>

t ! t� t⇤
yields four equations…

NG gauge fixes geodesic time at r=0. 

There’s still one gauge freedom left in SSC
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Theorem: (Gr-Te)  The equations close in the
 “locally inertial’’ formulation (1), (2) & Div T=0:
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To do a stability analysis… 



Look for a change of variables which represents 
(k=0) Friedmann as a stationary solution…

To do a stability analysis… 



Look for a change of variables which represents 
(k=0) Friedmann as a stationary solution…

To do a stability analysis… 

…so stability can be determine by eigenvalues 
at a rest point. 



Look for a change of variables which represents 
(k=0) Friedmann as a stationary solution…

To do a stability analysis… 

…so stability can be determine by eigenvalues 
at a rest point. 

<latexit sha1_base64="X8/NCUtVgnNeAJEv+obZhqDjdl8=">AAAB83icbVBNS8NAEJ34WetX1aOXpUUQhJp4qF6EohePFewHNKFstpt26WYTdjdiCP0X4sWDIl79M976b9y0PWjrg4HHezPMzPNjzpS27Ym1srq2vrFZ2Cpu7+zu7ZcODlsqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9ke3ud9+pFKxSDzoNKZeiAeCBYxgbSTXfWLX8lwXc/RKFbtqT4GWiTMnlXrZPXue1NNGr/Tt9iOShFRowrFSXceOtZdhqRnhdFx0E0VjTEZ4QLuGChxS5WXTm8foxCh9FETSlNBoqv6eyHCoVBr6pjPEeqgWvVz8z+smOrjyMibiRFNBZouChCMdoTwA1GeSEs1TQzCRzNyKyBBLTLSJKQ/BWXx5mbQuqk6tWrs3adzADAU4hjKcggOXUIc7aEATCMTwAm/wbiXWq/Vhfc5aV6z5zBH8gfX1AybJksk=</latexit>

⇠ = r/t

Theorem:  When            is  “time since Big Bang”,  
<latexit sha1_base64="U+Hf7Ct39ncZJZ6jE6PURO55Evs=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8UgiGDY9RA9hnjxmIB5YLKE2ckkGTI7u8z0CmHJX3jxoIhX8S/8Am9e/BZnkxw0WtBQVHXT3eVHgmt0nE8rs7S8srqWXc9tbG5t7+R39xo6jBVldRqKULV8opngktWRo2CtSDES+II1/dFV6jfvmNI8lDc4jpgXkIHkfU4JGukWz7B7mkvRzRecojOF/Ze4c1IoH9S++FvlvdrNf3R6IY0DJpEKonXbdSL0EqKQU8EmuU6sWUToiAxY21BJAqa9ZHrxxD42Ss/uh8qURHuq/pxISKD1OPBNZ0BwqBe9VPzPa8fYv/QSLqMYmaSzRf1Y2Bja6ft2jytGUYwNIVRxc6tNh0QRiiakNAR38eW/pHFedEvFUs2kUYEZsnAIR3ACLlxAGa6hCnWgIOEeHuHJ0taD9Wy9zFoz1nxmH37Bev0GKnOSVg==</latexit>

t� t⇤
(k=0) Friedmann in SSC-NG depends only on



(k=0) Friedmann in self-similar coordinates

<latexit sha1_base64="hNk/dJKF1MYb65yTTZF3Mj5ZplM="></latexit>

R(t) = t
2

3(1+�)

<latexit sha1_base64="tzapxTskTEBwf+GEUX1O5Zir3ag="></latexit>

H(t) =
2

3(1 + �)t
<latexit sha1_base64="78Atw1osqzhJKtDnEWg5+zZkChQ="></latexit>

⇢(t) =
4

3(1 + �)2t2

Lemma:   Assume               at           and             .             
<latexit sha1_base64="IIFZRcIU5C1pX1OS4swNxDQYVBw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LC1CRSiJh+pFKHrxWMV+QBrKZrtpl26yYXcihNJ/oRcPinj113jrv3HT9qCtDwYe780wM8+PBddg21Mrt7a+sbmV3y7s7O7tHxQPj1paJoqyJpVCqo5PNBM8Yk3gIFgnVoyEvmBtf3Sb+e0npjSX0SOkMfNCMoh4wCkBI7kPFTi7tgsZesWyXbVnwKvEWZByvdQ9f57W00av+N3tS5qELAIqiNauY8fgjYkCTgWbFLqJZjGhIzJgrqERCZn2xrOTJ/jUKH0cSGUqAjxTf0+MSah1GvqmMyQw1MteJv7nuQkEV96YR3ECLKLzRUEiMEic/Y/7XDEKIjWEUMXNrZgOiSIUTEpZCM7yy6ukdVF1atXavUnjBs2RRyeohCrIQZeoju5QAzURRRK9oDf0boH1an1Yn/PWnLWYOUZ/YH39AGQHkbQ=</latexit>

R(t) = 0
<latexit sha1_base64="tJckgmIWEl2qxkOUvEni7dPvESw=">AAAB73icbZA9SwNBEIbn4lc8v6KWNotBsAp3FmoTDNpYRjAfkBxhb7NJluztnbtzQjjyJ2wsFBGs/CX2NuK/8S5JoYkvLDy87ww7M34khUHH+bZyS8srq2v5dXtjc2t7p7C7VzdhrBmvsVCGuulTw6VQvIYCJW9GmtPAl7zhD6+yvHHPtRGhusVRxL2A9pXoCUYxtZpYduxMnULRKTkTkUVwZ1C8+LDL0duXXe0UPtvdkMUBV8gkNablOhF6CdUomORjux0bHlE2pH3eSlHRgBsvmcw7Jkep0yW9UKdPIZm4vzsSGhgzCvy0MqA4MPNZZv6XtWLsnXuJUFGMXLHpR71YEgxJtjzpCs0ZylEKlGmRzkrYgGrKMD1RdgR3fuVFqJ+U3NPS6Y1TrFzCVHk4gEM4BhfOoALXUIUaMJDwAE/wbN1Zj9aL9TotzVmznn34I+v9Bzy/kSU=</latexit>

t = 0
<latexit sha1_base64="Rc6N2JY95YhALGMVmQ0wCItF/Qo=">AAAB+nicbVC7SgNBFJ31GeNro6Uig0GwCrsW0UYI2lgmYB6QXcLsZDYZMjuzzMwqYU3pZ9hYKGJrke+w8xv8CWeTFJp44MLhnHu5954gZlRpx/mylpZXVtfWcxv5za3tnV27sNdQIpGY1LFgQrYCpAijnNQ11Yy0YklQFDDSDAbXmd+8I1JRwW/1MCZ+hHqchhQjbaSOXYgvPUV7EfJkX+QzdOyiU3ImgIvEnZFi5XBc+348Glc79qfXFTiJCNeYIaXarhNrP0VSU8zIKO8lisQID1CPtA3lKCLKTyenj+CJUbowFNIU13Ci/p5IUaTUMApMZ4R0X817mfif1050eOGnlMeJJhxPF4UJg1rALAfYpZJgzYaGICypuRXiPpIIa5NWFoI7//IiaZyV3HKpXDNpXIEpcuAAHINT4IJzUAE3oArqAIN78ARewKv1YD1bb9b7tHXJms3sgz+wPn4Al1qV+A==</latexit>p = �⇢

 Then in co-moving coordinates:
<latexit sha1_base64="fK+DmZea/JiDLx5ZqagWBNv8TYs=">AAACL3icbVDLSsNAFJ34rPUVdelmsAgVpCRdVDdCURCXFewDmlAm05t26GQSZiaFEvpHbvyVbkQUcetfmLRZaOsZBg7n3MPMPV7EmdKW9WasrW9sbm0Xdoq7e/sHh+bRcUuFsaTQpCEPZccjCjgT0NRMc+hEEkjgcWh7o7vMb49BKhaKJz2JwA3IQDCfUaJTqWfeY8eDARMJ4Wwgpo4IRRx4IIs4hzMGmsTTm7J9aWXnYu44IPp5pJihZ5asijUHXiV2TkooR6Nnzpx+SOMAhKacKNW1rUi7CZGaUQ7TohMriAgdkQF0UypIAMpN5vtO8Xmq9LEfyvQKjefq70RCAqUmgZdOBkQP1bKXif953Vj7127CRBRrEHTxkB9zrEOclYf7TALVfJISQiVL/4rpkEhCdVpxVoK9vPIqaVUrdq1Se6yW6rd5HQV0is5QGdnoCtXRA2qgJqLoGc3QO/owXoxX49P4WoyuGXnmBP2B8f0D0O+j7A==</latexit>

~u = (1, 0, 0, 0)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where
<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t ,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where
<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)
,,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where
<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t

<latexit sha1_base64="y2Hkn666CfSPAUq32W3Bu6IDPd4=">AAACKHicbVDLSgNBEJz1GddX1KOXwSDoJex6UC+iKIhHBaNCNoTeSScOzs4uM71CWPI5XvwVLyKK5OqXOIl78FUwUFRV09MVZ0paCoKhNzE5NT0zW5nz5xcWl5arK6tXNs2NwIZIVWpuYrCopMYGSVJ4kxmEJFZ4Hd+djPzrezRWpvqS+hm2Euhp2ZUCyEnt6mEUY0/qApTs6UGkU50nMRqfO0QxmIIG/ICfbkVIsE1+hLpTZv0x2tVaUA/G4H9JWJIaK3Herr5EnVTkCWoSCqxthkFGrQIMSaFw4Ee5xQzEHfSw6aiGBG2rGB864JtO6fBuatzTxMfq94kCEmv7SeySCdCt/e2NxP+8Zk7d/VYhdZYTavG1qJsrTikftcY70qAg1XcEhJHur1zcggFBrttRCeHvk/+Sq516uFvfvdipHR2XdVTYOttgWyxke+yInbFz1mCCPbAn9srevEfv2Xv3hl/RCa+cWWM/4H18Ar+So9E=</latexit>

t̄ = F (⌘)t

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)
,,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where

<latexit sha1_base64="ruTeSnvFpzIr06bFGOrLLl95QNM="></latexit>

F(⌘) =

✓
1 +

↵(2� ↵)

4
⌘2
◆ 1

2�↵

<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t

<latexit sha1_base64="y2Hkn666CfSPAUq32W3Bu6IDPd4=">AAACKHicbVDLSgNBEJz1GddX1KOXwSDoJex6UC+iKIhHBaNCNoTeSScOzs4uM71CWPI5XvwVLyKK5OqXOIl78FUwUFRV09MVZ0paCoKhNzE5NT0zW5nz5xcWl5arK6tXNs2NwIZIVWpuYrCopMYGSVJ4kxmEJFZ4Hd+djPzrezRWpvqS+hm2Euhp2ZUCyEnt6mEUY0/qApTs6UGkU50nMRqfO0QxmIIG/ICfbkVIsE1+hLpTZv0x2tVaUA/G4H9JWJIaK3Herr5EnVTkCWoSCqxthkFGrQIMSaFw4Ee5xQzEHfSw6aiGBG2rGB864JtO6fBuatzTxMfq94kCEmv7SeySCdCt/e2NxP+8Zk7d/VYhdZYTavG1qJsrTikftcY70qAg1XcEhJHur1zcggFBrttRCeHvk/+Sq516uFvfvdipHR2XdVTYOttgWyxke+yInbFz1mCCPbAn9srevEfv2Xv3hl/RCa+cWWM/4H18Ar+So9E=</latexit>

t̄ = F (⌘)t

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)

<latexit sha1_base64="p7D5cBB+ncig+qcKfKnYoWkatGo=">AAACD3icbVC7SgNBFJ2Nrxhfq4KNzWBUIkLYVYk2QtDGMoJJhGwIdyezyZDZBzOzQljyBzb2foWNhUFsbe38Azt/wcmj0MQDFw7n3Mu997gRZ1JZ1qeRmpmdm19IL2aWlldW18z1jYoMY0FomYQ8FLcuSMpZQMuKKU5vI0HBdzmtup3LgV+9o0KyMLhR3YjWfWgFzGMElJYa5r4DPGoDPseOJ4AkJ73kOGcfOpK1fDjoZcZomFkrbw2Bp4k9Jtli8furv/W4W2qYH04zJLFPA0U4SFmzrUjVExCKEU57GSeWNALSgRataRqAT2U9Gf7Tw3taaWIvFLoChYfq74kEfCm7vqs7fVBtOekNxP+8Wqy8s3rCgihWNCCjRV7MsQrxIBzcZIISxbuaABFM34pJG3QuSkc4CMGefHmaVI7ydiFfuNZpXKAR0mgb7aAcstEpKqIrVEJlRNA9ekIvqG88GM/Gq/E2ak0Z45lN9AfG+w9Dz5yv</latexit>

↵ =
4

3(1 + �)

,,

,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where
<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t

<latexit sha1_base64="y2Hkn666CfSPAUq32W3Bu6IDPd4=">AAACKHicbVDLSgNBEJz1GddX1KOXwSDoJex6UC+iKIhHBaNCNoTeSScOzs4uM71CWPI5XvwVLyKK5OqXOIl78FUwUFRV09MVZ0paCoKhNzE5NT0zW5nz5xcWl5arK6tXNs2NwIZIVWpuYrCopMYGSVJ4kxmEJFZ4Hd+djPzrezRWpvqS+hm2Euhp2ZUCyEnt6mEUY0/qApTs6UGkU50nMRqfO0QxmIIG/ICfbkVIsE1+hLpTZv0x2tVaUA/G4H9JWJIaK3Herr5EnVTkCWoSCqxthkFGrQIMSaFw4Ee5xQzEHfSw6aiGBG2rGB864JtO6fBuatzTxMfq94kCEmv7SeySCdCt/e2NxP+8Zk7d/VYhdZYTavG1qJsrTikftcY70qAg1XcEhJHur1zcggFBrttRCeHvk/+Sq516uFvfvdipHR2XdVTYOttgWyxke+yInbFz1mCCPbAn9srevEfv2Xv3hl/RCa+cWWM/4H18Ar+So9E=</latexit>

t̄ = F (⌘)t,,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



(k=0) Friedmann in self-similar coordinates

The following coordinate transformation takes 
k=0 Friedmann to SSC coordinates          .

<latexit sha1_base64="QaTnp1CSkCo85Jh/PKNhr3M1dfc="></latexit>

� : (t, r) ! (t̄, r̄)

<latexit sha1_base64="Vuq9G1bq03b/3SGIulVY/U3QY8g=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIFaUkLqrLohuXFewDmlAm00k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4yTtQlsPXO7hnHuZuceLGJXKsqZGYWV1bX2juFna2t7Z3TP3D9oyjAUmLRyyUHQ9JAmjnLQUVYx0I0FQ4DHS8cY3md95IELSkN+rJCJugIac+hQjpaW+eVR1PCRSNTnPu5iclubomxWrZuWAy8Sek0qj7Jw9TxtJs29+O4MQxwHhCjMkZc+2IuWmSCiKGZmUnFiSCOExGpKephwFRLppfsIEnmhlAP1Q6OIK5urvjRQFUiaBpycDpEZy0cvE/7xerPwrN6U8ihXhePaQHzOoQpjlAQdUEKxYognCguq/QjxCAmGlU8tCsBdPXibti5pdr9XvdBrXYIYiOAZlUAU2uAQNcAuaoAUweAQv4A28G0/Gq/FhfM5GC8Z85xD8gfH1A+mXl4A=</latexit>

(t̄, r̄)

where
<latexit sha1_base64="+ZWZqfq7N9WovVSvoqVqmd26pq8="></latexit>

⌘ =
r̄

t

<latexit sha1_base64="y2Hkn666CfSPAUq32W3Bu6IDPd4=">AAACKHicbVDLSgNBEJz1GddX1KOXwSDoJex6UC+iKIhHBaNCNoTeSScOzs4uM71CWPI5XvwVLyKK5OqXOIl78FUwUFRV09MVZ0paCoKhNzE5NT0zW5nz5xcWl5arK6tXNs2NwIZIVWpuYrCopMYGSVJ4kxmEJFZ4Hd+djPzrezRWpvqS+hm2Euhp2ZUCyEnt6mEUY0/qApTs6UGkU50nMRqfO0QxmIIG/ICfbkVIsE1+hLpTZv0x2tVaUA/G4H9JWJIaK3Herr5EnVTkCWoSCqxthkFGrQIMSaFw4Ee5xQzEHfSw6aiGBG2rGB864JtO6fBuatzTxMfq94kCEmv7SeySCdCt/e2NxP+8Zk7d/VYhdZYTavG1qJsrTikftcY70qAg1XcEhJHur1zcggFBrttRCeHvk/+Sq516uFvfvdipHR2XdVTYOttgWyxke+yInbFz1mCCPbAn9srevEfv2Xv3hl/RCa+cWWM/4H18Ar+So9E=</latexit>

t̄ = F (⌘)t,,

<latexit sha1_base64="P2HklcFQUvMy4NqctwCZuF6PFds="></latexit>

(t̄, r̄) = (F (⌘)t, ⌘t)

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)

…so <latexit sha1_base64="Wu26ddEhYHWdVQZJji6ek5ib+Ng=">AAAB83icbVA9SwNBEJ3zM8avqKUih0GwCncW0TJoY5mA+YDcEfY2c8mSvb1jd08IIaV/wcZCEVv7/A47f4N/wr0khSY+GHi8N8PMvCDhTGnH+bJWVtfWNzZzW/ntnd29/cLBYUPFqaRYpzGPZSsgCjkTWNdMc2wlEkkUcGwGg9vMbz6gVCwW93qYoB+RnmAho0QbyfNQk/wcnULRKTlT2MvEnZNi5WRS+348nVQ7hU+vG9M0QqEpJ0q1XSfR/ohIzSjHcd5LFSaEDkgP24YKEqHyR9Obx/a5Ubp2GEtTQttT9ffEiERKDaPAdEZE99Wil4n/ee1Uh9f+iIkk1SjobFGYclvHdhaA3WUSqeZDQwiVzNxq0z6RhGoTUxaCu/jyMmlcltxyqVwzadzADDk4hjO4ABeuoAJ3UIU6UEjgCV7g1UqtZ+vNep+1rljzmSP4A+vjB6gSkoo=</latexit>⌘ is a function of alone! 
<latexit sha1_base64="hJ2IK4OsKyQa3cS8rUQfmWFK5EM=">AAAB8nicbVDLSsNAFL2pr1pfVZeKBIvgqiQuqsuiG5ct2AekoUymk3boZCbMTMQSuvQT3LhQxK0f0O9w5zf4E07aLrT1wIXDOfdy7z1BzKjSjvNl5VZW19Y38puFre2d3b3i/kFTiURi0sCCCdkOkCKMctLQVDPSjiVBUcBIKxjeZH7rnkhFBb/To5j4EepzGlKMtJG8zgMtzNEtlpyyM4W9TNw5KVWPJ/Xvx5NJrVv87PQETiLCNWZIKc91Yu2nSGqKGRkXOokiMcJD1CeeoRxFRPnp9OSxfWaUnh0KaYpre6r+nkhRpNQoCkxnhPRALXqZ+J/nJTq88lPK40QTjmeLwoTZWtjZ/3aPSoI1GxmCsKTmVhsPkERYm5SyENzFl5dJ86LsVsqVuknjGmbIwxGcwjm4cAlVuIUaNACDgCd4gVdLW8/Wm/U+a81Z85lD+APr4wf4PZIn</latexit>

⇠



(k=0) Friedmann in self-similar coordinates

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�



(k=0) Friedmann in self-similar coordinates

<latexit sha1_base64="ASpzpJe2n8WpkO79leVkVuIHBpM="></latexit>

ds2 = �B�dt̄
2 +

1

A�
dr̄2 + r̄2d⌦2

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�



(k=0) Friedmann in self-similar coordinates

<latexit sha1_base64="ASpzpJe2n8WpkO79leVkVuIHBpM="></latexit>

ds2 = �B�dt̄
2 +

1

A�
dr̄2 + r̄2d⌦2

where

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�



(k=0) Friedmann in self-similar coordinates

<latexit sha1_base64="ASpzpJe2n8WpkO79leVkVuIHBpM="></latexit>

ds2 = �B�dt̄
2 +

1

A�
dr̄2 + r̄2d⌦2

<latexit sha1_base64="FdthyDGeNQadJR/K1Iowij9kpCM="></latexit>

A� = 1�
⇣↵⌘

2

⌘2

where

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�



<latexit sha1_base64="ASpzpJe2n8WpkO79leVkVuIHBpM="></latexit>

ds2 = �B�dt̄
2 +

1

A�
dr̄2 + r̄2d⌦2

<latexit sha1_base64="FdthyDGeNQadJR/K1Iowij9kpCM="></latexit>

A� = 1�
⇣↵⌘

2

⌘2

<latexit sha1_base64="06XKJVY25SfFgXcaKi2kcte3NGA="></latexit>

B� =

⇣
1 + ↵(2�↵)

4 ⌘2
⌘ 2�2↵

2�↵

1�
�↵⌘

2

�2

(k=0) Friedmann in self-similar coordinates

where

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�



(k=0) Friedmann in self-similar coordinates

…which depend only on 

<latexit sha1_base64="ASpzpJe2n8WpkO79leVkVuIHBpM="></latexit>

ds2 = �B�dt̄
2 +

1

A�
dr̄2 + r̄2d⌦2

Theorem:       transforms k=0 Friedmann to SSC            
<latexit sha1_base64="4ga4KavgllSNh2DDfnWJcXtP7F8=">AAAB83icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gd4S9zSZZsre37O4J4cjfsLFQ1NbfYW8j/hv3khSa+GDg8d4MM/MiyZk2nvftFJaWV1bXiuvuxubW9k5pd6+hk1QRWicJT1QrwppyJmjdMMNpSyqK44jTZjS8zv3mPVWaJeLOjCQNY9wXrMcINlYKgtqAuTN0SmWv4k2AFok/I+XLD/dCvn65tU7pM+gmJI2pMIRjrdu+J02YYWUY4XTsBqmmEpMh7tO2pQLHVIfZ5OYxOrJKF/USZUsYNFF/T2Q41noUR7Yzxmag571c/M9rp6Z3HmZMyNRQQaaLeilHJkF5AKjLFCWGjyzBRDF7KyIDrDAxNqY8BH/+5UXSOKn4p5XTW69cvYIpinAAh3AMPpxBFW6gBnUgIOEBnuDZSZ1H58V5m7YWnNnMPvyB8/4D87iSBw==</latexit>

�

<latexit sha1_base64="FdthyDGeNQadJR/K1Iowij9kpCM="></latexit>

A� = 1�
⇣↵⌘

2

⌘2

<latexit sha1_base64="06XKJVY25SfFgXcaKi2kcte3NGA="></latexit>

B� =

⇣
1 + ↵(2�↵)

4 ⌘2
⌘ 2�2↵

2�↵

1�
�↵⌘

2

�2

where

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



Moreover…            

(k=0) Friedmann in self-similar coordinates

…which depend only on 
<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



Moreover…            

(k=0) Friedmann in self-similar coordinates

…which depend only on 

<latexit sha1_base64="SL/UGM4zhpZ4lJMZGaoVmZ+okZ8="></latexit>

⇢�r
2 =

3

4
↵2⌘2

<latexit sha1_base64="lehB27okVpaIDSyVJNZZX4fF0d4=">AAACEHicbVC7SgNBFJ2NrxhfUQsRm8EgWoXdFDGNELSxjGAekF3C3clsMmT2wcxsICz5BBt/xcZCEVsrsdPG1s9wNkmh0QMXDufcy733uBFnUpnmu5FZWFxaXsmu5tbWNza38ts7DRnGgtA6CXkoWi5IyllA64opTluRoOC7nDbdwUXqN4dUSBYG12oUUceHXsA8RkBpqZM/HnZsyXo+4DNsewJIYgOP+jBOSmObKsjN0MkXzKI5Af5LrBkpVCufr3sfX/u1Tv7N7oYk9mmgCAcp25YZKScBoRjhdJyzY0kjIAPo0bamAfhUOsnkoTE+0koXe6HQFSg8UX9OJOBLOfJd3emD6st5LxX/89qx8ipOwoIoVjQg00VezLEKcZoO7jJBieIjTYAIpm/FpA86FqUzTEOw5l/+SxqlolUulq90Gudoiiw6QIfoBFnoFFXRJaqhOiLoBt2hB/Ro3Br3xpPxPG3NGLOZXfQLxss3ID+ecg==</latexit>

v� =
↵

2
⌘

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



Moreover…            

(k=0) Friedmann in self-similar coordinates

…so             

…which depend only on 

<latexit sha1_base64="SL/UGM4zhpZ4lJMZGaoVmZ+okZ8="></latexit>

⇢�r
2 =

3

4
↵2⌘2

<latexit sha1_base64="lehB27okVpaIDSyVJNZZX4fF0d4=">AAACEHicbVC7SgNBFJ2NrxhfUQsRm8EgWoXdFDGNELSxjGAekF3C3clsMmT2wcxsICz5BBt/xcZCEVsrsdPG1s9wNkmh0QMXDufcy733uBFnUpnmu5FZWFxaXsmu5tbWNza38ts7DRnGgtA6CXkoWi5IyllA64opTluRoOC7nDbdwUXqN4dUSBYG12oUUceHXsA8RkBpqZM/HnZsyXo+4DNsewJIYgOP+jBOSmObKsjN0MkXzKI5Af5LrBkpVCufr3sfX/u1Tv7N7oYk9mmgCAcp25YZKScBoRjhdJyzY0kjIAPo0bamAfhUOsnkoTE+0koXe6HQFSg8UX9OJOBLOfJd3emD6st5LxX/89qx8ipOwoIoVjQg00VezLEKcZoO7jJBieIjTYAIpm/FpA86FqUzTEOw5l/+SxqlolUulq90Gudoiiw6QIfoBFnoFFXRJaqhOiLoBt2hB/Ro3Br3xpPxPG3NGLOZXfQLxss3ID+ecg==</latexit>

v� =
↵

2
⌘

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



Moreover…            

(k=0) Friedmann in self-similar coordinates

…so             

…which depend only on 
<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)

<latexit sha1_base64="SL/UGM4zhpZ4lJMZGaoVmZ+okZ8="></latexit>

⇢�r
2 =

3

4
↵2⌘2

<latexit sha1_base64="lehB27okVpaIDSyVJNZZX4fF0d4=">AAACEHicbVC7SgNBFJ2NrxhfUQsRm8EgWoXdFDGNELSxjGAekF3C3clsMmT2wcxsICz5BBt/xcZCEVsrsdPG1s9wNkmh0QMXDufcy733uBFnUpnmu5FZWFxaXsmu5tbWNza38ts7DRnGgtA6CXkoWi5IyllA64opTluRoOC7nDbdwUXqN4dUSBYG12oUUceHXsA8RkBpqZM/HnZsyXo+4DNsewJIYgOP+jBOSmObKsjN0MkXzKI5Af5LrBkpVCufr3sfX/u1Tv7N7oYk9mmgCAcp25YZKScBoRjhdJyzY0kjIAPo0bamAfhUOsnkoTE+0koXe6HQFSg8UX9OJOBLOfJd3emD6st5LxX/89qx8ipOwoIoVjQg00VezLEKcZoO7jJBieIjTYAIpm/FpA86FqUzTEOw5l/+SxqlolUulq90Gudoiiw6QIfoBFnoFFXRJaqhOiLoBt2hB/Ro3Br3xpPxPG3NGLOZXfQLxss3ID+ecg==</latexit>

v� =
↵

2
⌘

<latexit sha1_base64="ilc2JLkdYmZhsaYCnjqxzUDAPM8=">AAACAHicbVDLSsNAFJ34rPUVdeFCkcEiuCpJF9WNUHTjsgX7gCaWyXTSDp1MwsxEqKEbwS9x40IRd8XPcOc3+BNOmi609cCFwzn3cu89XsSoVJb1ZSwsLi2vrObW8usbm1vb5s5uQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4Cr1m3dESBryGzWMiBugHqc+xUhpqWPu3184AxRFyBH9EIrbUj5DxyxYRWsCOE/sKSlUDse178ejcbVjfjrdEMcB4QozJGXbtiLlJkgoihkZ5Z1YkgjhAeqRtqYcBUS6yeSBETzRShf6odDFFZyovycSFEg5DDzdGSDVl7NeKv7ntWPln7sJ5VGsCMfZIj9mUIUwTQN2qSBYsaEmCAuqb4W4jwTCSmeWhmDPvjxPGqWiXS6WazqNS5AhBw7AMTgFNjgDFXANqqAOMBiBJ/ACXo0H49l4M96z1gVjOrMH/sD4+AF8XJdw</latexit>

z = ⇢r2 and             
<latexit sha1_base64="o4InPledrpqcD5Zi3U4jMaC9Ymo=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lc1G7EogtdVrAPaEKZTCft0MmDmUltCdm68VfcuFDErV+gO1f+ipOmiLYeuHA4517uvccJGRXSMD613MLi0vJKfrWwtr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcpH5zSLiggX8jxyGxPdTzqUsxkkrq6PD21HI5wvEwia0RTeAPChk6etEoGRPAeWJOSbF69vU+Oqpc1jr6h9UNcOQRX2KGhGibRijtGHFJMSNJwYoECREeoB5pK+ojjwg7nnySwAOldKEbcFW+hBP190SMPCHGnqM6PST7YtZLxf+8diTdih1TP4wk8XG2yI0YlAFMY4FdygmWbKwIwpyqWyHuIxWMVOGlIZizL8+TxnHJLJfK1yqNc5AhD/bAPjgEJjgBVXAFaqAOMLgDD+AJPGv32qP2or1mrTltOrML/kB7+wYmy5ka</latexit>

w =
v

⇠



Moreover…            

(k=0) Friedmann in self-similar coordinates

are natural density and velocity variables…             

…which depend only on 

<latexit sha1_base64="SL/UGM4zhpZ4lJMZGaoVmZ+okZ8="></latexit>

⇢�r
2 =

3

4
↵2⌘2

<latexit sha1_base64="lehB27okVpaIDSyVJNZZX4fF0d4=">AAACEHicbVC7SgNBFJ2NrxhfUQsRm8EgWoXdFDGNELSxjGAekF3C3clsMmT2wcxsICz5BBt/xcZCEVsrsdPG1s9wNkmh0QMXDufcy733uBFnUpnmu5FZWFxaXsmu5tbWNza38ts7DRnGgtA6CXkoWi5IyllA64opTluRoOC7nDbdwUXqN4dUSBYG12oUUceHXsA8RkBpqZM/HnZsyXo+4DNsewJIYgOP+jBOSmObKsjN0MkXzKI5Af5LrBkpVCufr3sfX/u1Tv7N7oYk9mmgCAcp25YZKScBoRjhdJyzY0kjIAPo0bamAfhUOsnkoTE+0koXe6HQFSg8UX9OJOBLOfJd3emD6st5LxX/89qx8ipOwoIoVjQg00VezLEKcZoO7jJBieIjTYAIpm/FpA86FqUzTEOw5l/+SxqlolUulq90Gudoiiw6QIfoBFnoFFXRJaqhOiLoBt2hB/Ro3Br3xpPxPG3NGLOZXfQLxss3ID+ecg==</latexit>

v� =
↵

2
⌘

…so             
<latexit sha1_base64="ilc2JLkdYmZhsaYCnjqxzUDAPM8=">AAACAHicbVDLSsNAFJ34rPUVdeFCkcEiuCpJF9WNUHTjsgX7gCaWyXTSDp1MwsxEqKEbwS9x40IRd8XPcOc3+BNOmi609cCFwzn3cu89XsSoVJb1ZSwsLi2vrObW8usbm1vb5s5uQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre4Cr1m3dESBryGzWMiBugHqc+xUhpqWPu3184AxRFyBH9EIrbUj5DxyxYRWsCOE/sKSlUDse178ejcbVjfjrdEMcB4QozJGXbtiLlJkgoihkZ5Z1YkgjhAeqRtqYcBUS6yeSBETzRShf6odDFFZyovycSFEg5DDzdGSDVl7NeKv7ntWPln7sJ5VGsCMfZIj9mUIUwTQN2qSBYsaEmCAuqb4W4jwTCSmeWhmDPvjxPGqWiXS6WazqNS5AhBw7AMTgFNjgDFXANqqAOMBiBJ/ACXo0H49l4M96z1gVjOrMH/sD4+AF8XJdw</latexit>

z = ⇢r2 and             
<latexit sha1_base64="o4InPledrpqcD5Zi3U4jMaC9Ymo=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0lc1G7EogtdVrAPaEKZTCft0MmDmUltCdm68VfcuFDErV+gO1f+ipOmiLYeuHA4517uvccJGRXSMD613MLi0vJKfrWwtr6xuaVv7zREEHFM6jhgAW85SBBGfVKXVDLSCjlBnsNI0xlcpH5zSLiggX8jxyGxPdTzqUsxkkrq6PD21HI5wvEwia0RTeAPChk6etEoGRPAeWJOSbF69vU+Oqpc1jr6h9UNcOQRX2KGhGibRijtGHFJMSNJwYoECREeoB5pK+ojjwg7nnySwAOldKEbcFW+hBP190SMPCHGnqM6PST7YtZLxf+8diTdih1TP4wk8XG2yI0YlAFMY4FdygmWbKwIwpyqWyHuIxWMVOGlIZizL8+TxnHJLJfK1yqNc5AhD/bAPjgEJjgBVXAFaqAOMLgDD+AJPGv32qP2or1mrTltOrML/kB7+wYmy5ka</latexit>

w =
v

⇠

<latexit sha1_base64="4UcDHxws834EtFTuEP9rLA0KwkU="></latexit>

⇠ =
r̄

t̄
=

⌘

F (⌘)



<latexit sha1_base64="PbDb1AykBJWRlBZwS4EhGidZQSk=">AAAB8HicbVDLSsNAFJ3UV42vqks3Q4sgCDVxUd0IRTcuK9iHNKFMppN26MwkzEzEEPoVunChiFs/x13/xknbhbYeuHA4517uvSeIGVXacSZWYWV1bX2juGlvbe/s7pX2D1oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Ob3G8/EqloJO51GhOfo4GgIcVIG+nBe6JX8kzbdq9UcarOFHCZuHNSqZe905dJPW30St9eP8IJJ0JjhpTquk6s/QxJTTEjY9tLFIkRHqEB6RoqECfKz6YHj+GxUfowjKQpoeFU/T2RIa5UygPTyZEeqkUvF//zuokOL/2MijjRRODZojBhUEcw/x72qSRYs9QQhCU1t0I8RBJhbTLKQ3AXX14mrfOqW6vW7kwa12CGIjgCZXACXHAB6uAWNEATYMDBM3gD75a0Xq0P63PWWrDmM4fgD6yvH4JZko0=</latexit>

⇠ = r/t…using              as a spacelike coordinate.

Conclude:  To represent k=0 Friedmann as 
stationary, transform SSC-NG equations to 
unknowns          …                        

<latexit sha1_base64="Y82B/55KgWy4vjp71HzzaBfFkmo=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LC1CRSmJh+qx6MVjBfsBbSib7aZdutmE3Y0SS3+EIB4U8erv8dZ/46btQasPBh7vzTAzz485U9pxplZuZXVtfSO/aW9t7+zuFfYPmipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR9eZ37qnUrFI3Ok0pl6IB4IFjGBtpFb58ezhxLZ7hZJTcWZAf4m7IKVasXv6PK2l9V7hq9uPSBJSoQnHSnVcJ9beGEvNCKcTu5soGmMywgPaMVTgkCpvPDt3go6N0kdBJE0JjWbqz4kxDpVKQ990hlgP1bKXif95nUQHl96YiTjRVJD5oiDhSEco+x31maRE89QQTCQztyIyxBITbRLKQnCXX/5LmucVt1qp3po0rmCOPBxBEcrgwgXU4Abq0AACI3iCV3izYuvFerc+5q05azFzCL9gfX4DewKRWA==</latexit>

(z, w)

distance of light travel since the Big Bang.
<latexit sha1_base64="KcaOyyvDLTEVI6A6KIPpWzXlaig=">AAAB8nicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXSEOZTCft0MnMMHMiltDHcONCkW59D/duxLcxabvQ1h8GPv7/HOacEyrODLjut1VYWV1b3yhu2lvbO7t7pf2DppGJJrRBJJe6HWJDORO0AQw4bStNcRxy2gqHN3neeqDaMCnuYaRoEOO+YBEjGDLLJ9DBSmn5aNvdUtmtuFM5y+DNoXz1YV+qyZdd75Y+Oz1JkpgKIBwb43uugiDFGhjhdGx3EkMVJkPcp36GAsfUBOl05LFzkjk9J5I6ewKcqfu7I8WxMaM4zCpjDAOzmOXmf5mfQHQRpEyoBKggs4+ihDsgnXx/p8c0JcBHGWCiWTarQwZYYwLZlfIjeIsrL0PzrOJVK9U7t1y7RjMV0RE6RqfIQ+eohm5RHTUQQRI9oRf0aoH1bL1Zk1lpwZr3HKI/st5/APx5lBE=</latexit>

ct ⇡
“Fractional distance to Hubble Radius”.

<latexit sha1_base64="BLDjpdv6Eww3RJ3MxH7a0mIRfLQ=">AAAB7XicbVC7SgNBFL0bX3F9RS0VGQyCVdi1iDZC0MYyAfOAZAmzk0kyZnZ2mZkVw5LS3sZCEVt/Id9h5zf4E84mKTTxwIXDOfdy7z1+xJnSjvNlZZaWV1bXsuv2xubW9k5ud6+mwlgSWiUhD2XDx4pyJmhVM81pI5IUBz6ndX9wnfr1eyoVC8WtHkbUC3BPsC4jWBup1npgl7bdzuWdgjMBWiTujORLh+PK9+PRuNzOfbY6IYkDKjThWKmm60TaS7DUjHA6sluxohEmA9yjTUMFDqjyksm1I3RilA7qhtKU0Gii/p5IcKDUMPBNZ4B1X817qfif14x198JLmIhiTQWZLurGHOkQpa+jDpOUaD40BBPJzK2I9LHERJuA0hDc+ZcXSe2s4BYLxYpJ4wqmyMIBHMMpuHAOJbiBMlSBwB08wQu8WqH1bL1Z79PWjDWb2Yc/sD5+ADpCkfY=</latexit>

⇠ =

represents the visible universe.
<latexit sha1_base64="F/akg7dIqu/wo3/tZNPQVqu7Amo=">AAAB83icbVC7TsNAEFyHVzCvACUIWURIVJFNESgoImgoE4k8pNiKzpdzcsr5bO7OiMhKyS/QUIAQLX2+g45v4Cc4JykgYaSVRjO72t3xY0alsu0vI7e0vLK6ll83Nza3tncKu3sNGSUCkzqOWCRaPpKEUU7qiipGWrEgKPQZafqD68xv3hMhacRv1TAmXoh6nAYUI6Ul13YZuXMf6KVjmp1C0S7ZE1iLxJmRYuVwXPt+PBpXO4VPtxvhJCRcYYakbDt2rLwUCUUxIyPTTSSJER6gHmlrylFIpJdObh5ZJ1rpWkEkdHFlTdTfEykKpRyGvu4MkerLeS8T//PaiQouvJTyOFGE4+miIGGWiqwsAKtLBcGKDTVBWFB9q4X7SCCsdExZCM78y4ukcVZyyqVyTadxBVPk4QCO4RQcOIcK3EAV6oAhhid4gVcjMZ6NN+N92pozZjP78AfGxw8utJQw</latexit>

0  ⇠ < 1

is regular coordinate transformation.
<latexit sha1_base64="8NsDoFpIZPuBvvzjb6K0Kw/naxU=">AAAB+3icbZDLSsNAFIYn9VbjLdalm8EitCglcVFdFt24rGAv0IQymU7aoZNJmJlIQ+hbuHbjQhG3voi7vo2Ttgtt/WHg4z/nMOf8fsyoVLY9Mwobm1vbO8Vdc2//4PDIOi61ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOP7/J654kISSP+qNKYeCEachpQjJS2+lapoi5F1VUR1OBOaNU0+1bZrtlzwXVwllBunLkXz7NG2uxb3+4gwklIuMIMSdlz7Fh5GRKKYkampptIEiM8RkPS08hRSKSXzXefwnPtDGAQCf24gnP390SGQinT0NedIVIjuVrLzf9qvUQFN15GeZwowvHioyBhUJ+aBwEHVBCsWKoBYUH1rhCPkEBY6bjyEJzVk9ehfVVz6rX6g07jFixUBKfgDFSAA65BA9yDJmgBDCbgBbyBd2NqvBofxueitWAsZ07AHxlfPwPVlXk=</latexit>

(t, r) ! (t, ⇠)



STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)



<latexit sha1_base64="JDjwftqVCDZqf804a4kk6n9VkoQ="></latexit>

tzt + ⇠
�
(�1 +Dw)z

�
⇠
= �Dwz

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



<latexit sha1_base64="JDjwftqVCDZqf804a4kk6n9VkoQ="></latexit>

tzt + ⇠
�
(�1 +Dw)z

�
⇠
= �Dwz

<latexit sha1_base64="U5xDHN5lgEPPijcOXOFfEBJNSD4="></latexit>

+
�2⇠

z

✓
D

1� v2

1 + �2v2
z

⇠2

◆

⇠

= RHS

<latexit sha1_base64="Nic9TmhhH2IQeTVaqiS3iP1Y0xM="></latexit>

� (1 + �2)�2

⇠z

✓
D

(1� v2)v2

(1 + �2v2)2
z

◆

⇠

<latexit sha1_base64="UZu842+MeGsHb0b7NGUpKsF3np8=">AAACHXicbVDLSsNAFJ34tr6iLt0MFqUilqQUdSnahcsKtgptDZPpRIdOHszcGEvwR9z4K25cKOLCjfg3TtIs1HrgXg7n3MvMPW4kuALL+jImJqemZ2bn5ksLi0vLK+bqWluFsaSsRUMRykuXKCZ4wFrAQbDLSDLiu4JduIOTzL+4ZVLxMDiHYcR6PrkOuMcpAS05Zh0SB/AuruzZu41kp3vHceJkfXsPJ1pvJFc1jEu4QCmHY5atqpUDjxO7IGVUoOmYH91+SGOfBUAFUapjWxH0UiKBU8HuS91YsYjQAblmHU0D4jPVS/Pr7vGWVvrYC6WuAHCu/txIia/U0Hf1pE/gRv31MvE/rxODd9hLeRDFwAI6esiLBYYQZ1HhPpeMghhqQqjk+q+Y3hBJKOhAsxDsvyePk3atau9X98/q5aPjIo45tIE2UQXZ6AAdoVPURC1E0QN6Qi/o1Xg0no034300OmEUO+voF4zPb9XDmjI=</latexit>

twt + (�1 +Dw)⇠w⇠ � w +Dw2

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



<latexit sha1_base64="JDjwftqVCDZqf804a4kk6n9VkoQ="></latexit>

tzt + ⇠
�
(�1 +Dw)z

�
⇠
= �Dwz

<latexit sha1_base64="U5xDHN5lgEPPijcOXOFfEBJNSD4="></latexit>

+
�2⇠

z

✓
D

1� v2

1 + �2v2
z

⇠2

◆

⇠

= RHS

<latexit sha1_base64="Nic9TmhhH2IQeTVaqiS3iP1Y0xM="></latexit>

� (1 + �2)�2

⇠z

✓
D

(1� v2)v2

(1 + �2v2)2
z

◆

⇠

<latexit sha1_base64="UZu842+MeGsHb0b7NGUpKsF3np8=">AAACHXicbVDLSsNAFJ34tr6iLt0MFqUilqQUdSnahcsKtgptDZPpRIdOHszcGEvwR9z4K25cKOLCjfg3TtIs1HrgXg7n3MvMPW4kuALL+jImJqemZ2bn5ksLi0vLK+bqWluFsaSsRUMRykuXKCZ4wFrAQbDLSDLiu4JduIOTzL+4ZVLxMDiHYcR6PrkOuMcpAS05Zh0SB/AuruzZu41kp3vHceJkfXsPJ1pvJFc1jEu4QCmHY5atqpUDjxO7IGVUoOmYH91+SGOfBUAFUapjWxH0UiKBU8HuS91YsYjQAblmHU0D4jPVS/Pr7vGWVvrYC6WuAHCu/txIia/U0Hf1pE/gRv31MvE/rxODd9hLeRDFwAI6esiLBYYQZ1HhPpeMghhqQqjk+q+Y3hBJKOhAsxDsvyePk3atau9X98/q5aPjIo45tIE2UQXZ6AAdoVPURC1E0QN6Qi/o1Xg0no034300OmEUO+voF4zPb9XDmjI=</latexit>

twt + (�1 +Dw)⇠w⇠ � w +Dw2

<latexit sha1_base64="Y95ttDGImFHv2XQkaYkJBo2iwfI="></latexit>

RHS = � 1

⇠2
1� v2

1 + �2v2
D

2A

✓
(1� �2

)(1�A) + 2�2 1� v2

1 + �2v2
z

◆

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



Together with…

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



Together with…
<latexit sha1_base64="85Ui/oN3spMIwSiX9MQxfIih1XI=">AAACEXicbVDLSsNAFJ3UV42vqEs3g0WpSEsiUt0IrW5cVrAPaEOYTKft0MmDmYlYQ3/Bjb/ixoUibt2582+cpFlo64F7OZxzLzP3uCGjQprmt5ZbWFxaXsmv6mvrG5tbxvZOUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc0VXit+4IFzTwb+U4JLaHBj7tU4ykkhyjCLv3FNacpB9ewNIDPIZFq1Q7gjrMoKdwjIJZNlPAeWJlpAAy1B3jq9sLcOQRX2KGhOhYZijtGHFJMSMTvRsJEiI8QgPSUdRHHhF2nF40gQdK6cF+wFX5Eqbq740YeUKMPVdNekgOxayXiP95nUj2z+2Y+mEkiY+nD/UjBmUAk3hgj3KCJRsrgjCn6q8QDxFHWKoQkxCs2ZPnSfOkbFXKlZvTQvUyiyMP9sA+KAILnIEquAZ10AAYPIJn8AretCftRXvXPqajOS3b2QV/oH3+AENYlas=</latexit>

⇠A⇠ = �z + (1�A)
<latexit sha1_base64="pQAVkV82vVy4IUXf1zD5OOI9fXc="></latexit>
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D
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1� v2

1 + �2v2
z

◆

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



Together with…
<latexit sha1_base64="85Ui/oN3spMIwSiX9MQxfIih1XI=">AAACEXicbVDLSsNAFJ3UV42vqEs3g0WpSEsiUt0IrW5cVrAPaEOYTKft0MmDmYlYQ3/Bjb/ixoUibt2582+cpFlo64F7OZxzLzP3uCGjQprmt5ZbWFxaXsmv6mvrG5tbxvZOUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc0VXit+4IFzTwb+U4JLaHBj7tU4ykkhyjCLv3FNacpB9ewNIDPIZFq1Q7gjrMoKdwjIJZNlPAeWJlpAAy1B3jq9sLcOQRX2KGhOhYZijtGHFJMSMTvRsJEiI8QgPSUdRHHhF2nF40gQdK6cF+wFX5Eqbq740YeUKMPVdNekgOxayXiP95nUj2z+2Y+mEkiY+nD/UjBmUAk3hgj3KCJRsrgjCn6q8QDxFHWKoQkxCs2ZPnSfOkbFXKlZvTQvUyiyMP9sA+KAILnIEquAZ10AAYPIJn8AretCftRXvXPqajOS3b2QV/oH3+AENYlas=</latexit>

⇠A⇠ = �z + (1�A)
<latexit sha1_base64="pQAVkV82vVy4IUXf1zD5OOI9fXc="></latexit>

⇠D⇠ =
D

2A

✓
2(1�A)� (1� �2)

1� v2

1 + �2v2
z

◆

<latexit sha1_base64="/4F+wbXB8E00uYt3DtaLAY19sqo=">AAACA3icbVDLSsNAFL3xWeMr6k43g0VwVRKR6kao1YXLCvYBbSiT6bQdOnk4MxFKKLjxV9y4UMStP+HOv3GSZqGtBy4czrmXe+/xIs6ksu1vY2FxaXlltbBmrm9sbm1bO7sNGcaC0DoJeShaHpaUs4DWFVOctiJBse9x2vRGV6nffKBCsjC4U+OIuj4eBKzPCFZa6lr71xcdeS9UclmdmCiHmaFrFe2SnQHNEycnRchR61pfnV5IYp8GinAsZduxI+UmWChGOJ2YnVjSCJMRHtC2pgH2qXST7IcJOtJKD/VDoStQKFN/TyTYl3Lse7rTx2ooZ71U/M9rx6p/7iYsiGJFAzJd1I85UiFKA0E9JihRfKwJJoLpWxEZYoGJ0rGlITizL8+TxknJKZfKt6fFSjWPowAHcAjH4MAZVOAGalAHAo/wDK/wZjwZL8a78TFtXTDymT34A+PzB9g8kyI=</latexit>

D =
p
AB

<latexit sha1_base64="ICOcjrC1pbfcwpkkj63LdIf5D84=">AAACKXicbVDLSsNAFJ34rPEVdelmsAiCUJIi1Y1QdOOygn1AE8tkOmmHTh7MTKol5Hfc+CtuFBR16484SbOorQcunDnnXube40aMCmmaX9rS8srq2nppQ9/c2t7ZNfb2WyKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtjq4zvz0mXNAwuJOTiDg+GgTUoxhJJfWM+gO8hLbHEU6sU1vQgY/uq+kMH6vn1B+nif1IUx0W0HP0jLJZMXPARWIVpAwKNHrGm90PceyTQGKGhOhaZiSdBHFJMSOpbseCRAiP0IB0FQ2QT4ST5Jem8FgpfeiFXFUgYa7OTiTIF2Liu6rTR3Io5r1M/M/rxtK7cBIaRLEkAZ5+5MUMyhBmscE+5QRLNlEEYU7VrhAPkYpFqnCzEKz5kxdJq1qxapXa7Vm5flXEUQKH4AicAAucgzq4AQ3QBBg8gRfwDj60Z+1V+9S+p61LWjFzAP5A+/kFCh6iqw==</latexit>

w =
1 + �2

1 + �2v2
v

⇠

<latexit sha1_base64="7sbObGxzpyJozk7O997QUEpybgg=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Vw05IUqW6EohuXFewDmlgm00k7dJIMM5NCDf0KN/6KGxeKuBV3/o2TNAttPXC5h3PuZeYejzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyygWmLRwxCLR9ZAkjIakpahipMsFQYHHSMcbX6d+Z0KEpFF4p6acuAEahtSnGCkt9c3Kw6XjC4QTZ4w4R44YRVDc12aJXZnoVoI5Shn6ZtmqWhngMrFzUgY5mn3zyxlEOA5IqDBDUvZsiys3QUJRzMis5MSScITHaEh6moYoINJNsrNm8EQrA+hHQleoYKb+3khQIOU08PRkgNRILnqp+J/Xi5V/4SY05LEiIZ4/5McMqgimGcEBFQQrNtUEYUH1XyEeIZ2S0kmmIdiLJy+Tdq1q16v127Ny4yqPowiOwDE4BTY4Bw1wA5qgBTB4BM/gFbwZT8aL8W58zEcLRr5zCP7A+PwBUTya8Q==</latexit>

z =
⇢r2

1� v2

STV-PDE

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



Together with…
<latexit sha1_base64="85Ui/oN3spMIwSiX9MQxfIih1XI=">AAACEXicbVDLSsNAFJ3UV42vqEs3g0WpSEsiUt0IrW5cVrAPaEOYTKft0MmDmYlYQ3/Bjb/ixoUibt2582+cpFlo64F7OZxzLzP3uCGjQprmt5ZbWFxaXsmv6mvrG5tbxvZOUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc0VXit+4IFzTwb+U4JLaHBj7tU4ykkhyjCLv3FNacpB9ewNIDPIZFq1Q7gjrMoKdwjIJZNlPAeWJlpAAy1B3jq9sLcOQRX2KGhOhYZijtGHFJMSMTvRsJEiI8QgPSUdRHHhF2nF40gQdK6cF+wFX5Eqbq740YeUKMPVdNekgOxayXiP95nUj2z+2Y+mEkiY+nD/UjBmUAk3hgj3KCJRsrgjCn6q8QDxFHWKoQkxCs2ZPnSfOkbFXKlZvTQvUyiyMP9sA+KAILnIEquAZ10AAYPIJn8AretCftRXvXPqajOS3b2QV/oH3+AENYlas=</latexit>

⇠A⇠ = �z + (1�A)
<latexit sha1_base64="pQAVkV82vVy4IUXf1zD5OOI9fXc="></latexit>

⇠D⇠ =
D

2A

✓
2(1�A)� (1� �2)

1� v2

1 + �2v2
z

◆

<latexit sha1_base64="/4F+wbXB8E00uYt3DtaLAY19sqo=">AAACA3icbVDLSsNAFL3xWeMr6k43g0VwVRKR6kao1YXLCvYBbSiT6bQdOnk4MxFKKLjxV9y4UMStP+HOv3GSZqGtBy4czrmXe+/xIs6ksu1vY2FxaXlltbBmrm9sbm1bO7sNGcaC0DoJeShaHpaUs4DWFVOctiJBse9x2vRGV6nffKBCsjC4U+OIuj4eBKzPCFZa6lr71xcdeS9UclmdmCiHmaFrFe2SnQHNEycnRchR61pfnV5IYp8GinAsZduxI+UmWChGOJ2YnVjSCJMRHtC2pgH2qXST7IcJOtJKD/VDoStQKFN/TyTYl3Lse7rTx2ooZ71U/M9rx6p/7iYsiGJFAzJd1I85UiFKA0E9JihRfKwJJoLpWxEZYoGJ0rGlITizL8+TxknJKZfKt6fFSjWPowAHcAjH4MAZVOAGalAHAo/wDK/wZjwZL8a78TFtXTDymT34A+PzB9g8kyI=</latexit>

D =
p
AB

<latexit sha1_base64="ICOcjrC1pbfcwpkkj63LdIf5D84=">AAACKXicbVDLSsNAFJ34rPEVdelmsAiCUJIi1Y1QdOOygn1AE8tkOmmHTh7MTKol5Hfc+CtuFBR16484SbOorQcunDnnXube40aMCmmaX9rS8srq2nppQ9/c2t7ZNfb2WyKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtjq4zvz0mXNAwuJOTiDg+GgTUoxhJJfWM+gO8hLbHEU6sU1vQgY/uq+kMH6vn1B+nif1IUx0W0HP0jLJZMXPARWIVpAwKNHrGm90PceyTQGKGhOhaZiSdBHFJMSOpbseCRAiP0IB0FQ2QT4ST5Jem8FgpfeiFXFUgYa7OTiTIF2Liu6rTR3Io5r1M/M/rxtK7cBIaRLEkAZ5+5MUMyhBmscE+5QRLNlEEYU7VrhAPkYpFqnCzEKz5kxdJq1qxapXa7Vm5flXEUQKH4AicAAucgzq4AQ3QBBg8gRfwDj60Z+1V+9S+p61LWjFzAP5A+/kFCh6iqw==</latexit>

w =
1 + �2

1 + �2v2
v

⇠

<latexit sha1_base64="7sbObGxzpyJozk7O997QUEpybgg=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Vw05IUqW6EohuXFewDmlgm00k7dJIMM5NCDf0KN/6KGxeKuBV3/o2TNAttPXC5h3PuZeYejzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyygWmLRwxCLR9ZAkjIakpahipMsFQYHHSMcbX6d+Z0KEpFF4p6acuAEahtSnGCkt9c3Kw6XjC4QTZ4w4R44YRVDc12aJXZnoVoI5Shn6ZtmqWhngMrFzUgY5mn3zyxlEOA5IqDBDUvZsiys3QUJRzMis5MSScITHaEh6moYoINJNsrNm8EQrA+hHQleoYKb+3khQIOU08PRkgNRILnqp+J/Xi5V/4SY05LEiIZ4/5McMqgimGcEBFQQrNtUEYUH1XyEeIZ2S0kmmIdiLJy+Tdq1q16v127Ny4yqPowiOwDE4BTY4Bw1wA5qgBTB4BM/gFbwZT8aL8W58zEcLRr5zCP7A+PwBUTya8Q==</latexit>

z =
⇢r2

1� v2

STV-PDE

(Turns out….                      )
<latexit sha1_base64="Qa4RT2rPqmtxd0Vk6COFOYahzvk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsCCUpUt0IRTfurGAf0KRlMp20QyeTMDMRa+gnuPFX3LhQxK1Ld/6NSZqFth64cDjnXu69xwkYlcowvrXcwuLS8kp+tbC2vrG5pW/vNKUfCkwa2Ge+aDtIEkY5aSiqGGkHgiDPYaTljC4Tv3VHhKQ+v1XjgNgeGnDqUoxULPX0w4dza4SCAFli6EPRrRxfl6x72q0ewQyFFD29aJSNFHCemBkpggz1nv5l9X0ceoQrzJCUHdMIlB0hoShmZFKwQkkChEdoQDox5cgj0o7ShybwIFb60PVFXFzBVP09ESFPyrHnxJ0eUkM56yXif14nVO6ZHVEehIpwPF3khgwqHybpwD4VBCs2jgnCgsa3QjxEAmEVZ5iEYM6+PE+albJZLVdvToq1iyyOPNgD+6AETHAKauAK1EEDYPAInsEreNOetBftXfuYtua0bGYX/IH2+QPjg5f7</latexit>

z = ⇢r
2 +O(⇠6)

Lemma:   Transforming the SSC-NG equations to 
variables                      yields equivalent system…

<latexit sha1_base64="WMefeRQLnbtKy8OcftK4LHrKhGw=">AAACCXicbZDLSsNAFIYn9VbjLerSzWARKpSSiFSXRTcuK9gLtKFMppN26GQSZiZqDd268VXcuFDErW/gzrdxkmahrT8MfPznHM6c34sYlcq2v43C0vLK6lpx3dzY3NresXb3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2xpdpvX1LhKQhv1GTiLgBGnLqU4yUtvoWfCirSu+eHlfucjBhLjNT3yrZVTsTXAQnhxLI1ehbX71BiOOAcIUZkrLr2JFyEyQUxYxMzV4sSYTwGA1JVyNHAZFukl0yhUfaGUA/FPpxBTP390SCAikngac7A6RGcr6Wmv/VurHyz92E8ihWhOPZIj9mUIUwjQUOqCBYsYkGhAXVf4V4hATCSoeXhuDMn7wIrZOqU6vWrk9L9Ys8jiI4AIegDBxwBurgCjRAE2DwCJ7BK3gznowX4934mLUWjHxmH/yR8fkD7ISUtQ==</latexit>

z(t, ⇠), w(t, ⇠)

Assume 
<latexit sha1_base64="XLHPM7FPv1Z1v0E+5Ob0iTOT6po=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKRC9C0IvHCOYB2SXMTmaTIfNiZlYIIb/hxYMiXv0Zb/6Nk2QPmljQUFR1092VKEaNDYJvr7C2vrG5Vdwu7ezu7R+UD49aRmYakyaWTOpOggxhVJCmpZaRjtIE8YSRdjK6m/ntJ6INleLRjhWJORoImlKMrJMidRMZOuAo0kPZK1eCajCHv0rCnFQgR6NX/or6EmecCIsZMqYbBsrGE6QtxYxMS1FmiEJ4hAak66hAnJh4Mr956p85pe+nUrsS1p+rvycmiBsz5onr5MgOzbI3E//zuplNr+MJFSqzRODFojRjvpX+LAC/TzXBlo0dQVhTd6uPh0gjbF1MJRdCuPzyKmldVMNatfZwWanf5nEU4QRO4RxCuII63EMDmoBBwTO8wpuXeS/eu/exaC14+cwx/IH3+QMVfJG8</latexit>p = �⇢



Restricting to the case of zero pressure            

…we get the             STV-PDE :

<latexit sha1_base64="litJY+tZBs46qmEJZlCBnlqfANI=">AAACAHicbVBNS8NAEJ3Urxq/oh48eFksgqeSiFQvQtGLxwr2A9pQNttNu3SzCbsboZRe/CtePCji1Z/hzX/jJs1BWx8MPN6bYWZekHCmtOt+W6WV1bX1jfKmvbW9s7vn7B+0VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MbzO//UilYrF40JOE+hEeChYygrWR+s5RT7FhhK9dGxWwc/Sdilt1c6Bl4hWkAgUafeerN4hJGlGhCcdKdT030f4US80IpzO7lyqaYDLGQ9o1VOCIKn+aPzBDp0YZoDCWpoRGufp7YoojpSZRYDojrEdq0cvE/7xuqsMrf8pEkmoqyHxRmHKkY5SlgQZMUqL5xBBMJDO3IjLCEhNtMstC8BZfXiat86pXq9buLyr1myKOMhzDCZyBB5dQhztoQBMIzOAZXuHNerJerHfrY95asoqZQ/gD6/MHW6GRvA==</latexit>

� = 0
<latexit sha1_base64="R7qwuDsBLNijk3czp98K3HuiqqA=">AAAB7HicbVA9SwNBEJ2LX/H8iloqshgEq3BnEW2EoI1lAl4SSI6wt9kkS/b2jt09IRwprW0sFLH1N+R32Pkb/BPuJSk08cHA470ZZuYFMWdKO86XlVtZXVvfyG/aW9s7u3uF/YO6ihJJqEciHslmgBXlTFBPM81pM5YUhwGnjWB4m/mNByoVi8S9HsXUD3FfsB4jWBvJi68d2+4Uik7JmQItE3dOipXjSe378WRS7RQ+292IJCEVmnCsVMt1Yu2nWGpGOB3b7UTRGJMh7tOWoQKHVPnp9NgxOjNKF/UiaUpoNFV/T6Q4VGoUBqYzxHqgFr1M/M9rJbp35adMxImmgswW9RKOdISyz1GXSUo0HxmCiWTmVkQGWGKiTT5ZCO7iy8ukflFyy6VyzaRxAzPk4QhO4RxcuIQK3EEVPCDA4Ale4NUS1rP1Zr3PWnPWfOYQ/sD6+AEkyZFP</latexit>

p = 0

STV-PDE



<latexit sha1_base64="5GOqND1CdFOpAsJpoVJ66Lcj/mo=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBG8WHaLVC9C0YvHCvYHurVk02wbmk1Cki3UpQ/gxVfx4kERrz6AN9/GbLsHbR0IGWbmI/kmkIxq47rfztLyyuraem4jv7m1vbNb2NtvaBErTOpYMKFaAdKEUU7qhhpGWlIRFAWMNIPhdeo3R0RpKvidGUvSiVCf05BiZKzULRQfLv1QIZz4QyQl8tVAQHVfniTe6che+RQ25ZbcKeAi8TJSBBlq3cKX3xM4jgg3mCGt254rTSdBylDMyCTvx5pIhIeoT9qWchQR3Ummy0zgsVV6MBTKHm7gVP09kaBI63EU2GSEzEDPe6n4n9eOTXjRSSiXsSEczx4KYwaNgGkzsEcVwYaNLUFYUftXiAfIdmNsf2kJ3vzKi6RRLnmVUuX2rFi9yurIgUNwBE6AB85BFdyAGqgDDB7BM3gFb86T8+K8Ox+z6JKTzRyAP3A+fwC/VJl5</latexit>

z =
⇢r2

1� v2

<latexit sha1_base64="SpZEzlpVORRJRPAXa8vxUygM1Xs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KIVDdC0Y3LCvYBTSiT6aQdOpmEmUm1huCvuHGhiFv/w51/46TtQlsPXDiccy/33uPHjEpl299GYWl5ZXWtuF7a2Nza3jF395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8ofXud8aESFpxO/UOCZeiPqcBhQjpaWueXB/6QYC4XSUpe4DzUo5umbZrtgTWIvEmZEyzFDvml9uL8JJSLjCDEnZcexYeSkSimJGspKbSBIjPER90tGUo5BIL51cn1nHWulZQSR0cWVN1N8TKQqlHIe+7gyRGsh5Lxf/8zqJCi68lPI4UYTj6aIgYZaKrDwKq0cFwYqNNUFYUH2rhQdIh6F0YHkIzvzLi6R5WnGqlertWbl2NYujCIdwBCfgwDnU4Abq0AAMj/AMr/BmPBkvxrvxMW0tGLOZffgD4/MHkOCT/w==</latexit>

w =
v

⇠
<latexit sha1_base64="+cOBI+S6tdTb3Jc2//5ts/t5LY8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYD+gDWWz3bRLN5u4OxFK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdJv5rSeujYjVA44T7kd0oEQoGEUrtZNrt5ihVyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboT6hGwSSfFrup4QllIzrgHUsVjbjxJ7N7p+TUKn0SxtqWQjJTf09MaGTMOApsZ0RxaBa9TPzP66QYXvkToZIUuWLzRWEqCcYke570heYM5dgSyrSwtxI2pJoytBFlIXiLLy+T5nnFq1aq9xfl2k0eRwGO4QTOwINLqMEd1KEBDCQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8Adb9jeQ=</latexit>

p = 0

<latexit sha1_base64="litJY+tZBs46qmEJZlCBnlqfANI=">AAACAHicbVBNS8NAEJ3Urxq/oh48eFksgqeSiFQvQtGLxwr2A9pQNttNu3SzCbsboZRe/CtePCji1Z/hzX/jJs1BWx8MPN6bYWZekHCmtOt+W6WV1bX1jfKmvbW9s7vn7B+0VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MbzO//UilYrF40JOE+hEeChYygrWR+s5RT7FhhK9dGxWwc/Sdilt1c6Bl4hWkAgUafeerN4hJGlGhCcdKdT030f4US80IpzO7lyqaYDLGQ9o1VOCIKn+aPzBDp0YZoDCWpoRGufp7YoojpSZRYDojrEdq0cvE/7xuqsMrf8pEkmoqyHxRmHKkY5SlgQZMUqL5xBBMJDO3IjLCEhNtMstC8BZfXiat86pXq9buLyr1myKOMhzDCZyBB5dQhztoQBMIzOAZXuHNerJerHfrY95asoqZQ/gD6/MHW6GRvA==</latexit>

� = 0

<latexit sha1_base64="nuzOZKZx5nTbUKDav2LJkp8dXvc=">AAACIHicbVDLSsNAFJ34tr6iLt0MFqGlWBKR1o0g6sKlgrVCE8JkOqlDJw9mbtQ2+Clu/BU3LhTRnX6Nk5qFVg9cOHPOvcy9x08EV2BZH8bE5NT0zOzcfGlhcWl5xVxdu1BxKilr0VjE8tInigkesRZwEOwykYyEvmBtv3+U++1rJhWPo3MYJMwNSS/iAacEtOSZTQxDD3ANO7fc8XmvUtm2a8c31WH+qHpaxft4+/hmWMIFSiN4ZtmqWyPgv8QuSBkVOPXMd6cb0zRkEVBBlOrYVgJuRiRwKthdyUkVSwjtkx7raBqRkCk3Gx14h7e00sVBLHVFgEfqz4mMhEoNQl93hgSu1LiXi/95nRSCPTfjUZICi+j3R0EqMMQ4Twt3uWQUxEATQiXXu2J6RSShoDPNQ7DHT/5LLnbqdqPeONstHxwWccyhDbSJKshGTXSATtApaiGK7tEjekYvxoPxZLwab9+tE0Yxs45+wfj8Ah9MnKI=</latexit>

tzt + ⇠
�
(�1 +Dw)z

�
⇠
= �Dwz

<latexit sha1_base64="SC1sme4bOriP4jJaY5KumFSG/mw=">AAACBnicbVDLSgMxFM3UV62vUZciBItSkZYZkepGaHXjsoJ9QDsMmTRtQzOZIcmIdejKjb/ixoUibv0Gd/6NmXYWWj1wL4dz7iW5xwsZlcqyvozM3PzC4lJ2Obeyura+YW5uNWQQCUzqOGCBaHlIEkY5qSuqGGmFgiDfY6TpDS8Tv3lLhKQBv1GjkDg+6nPaoxgpLbnmbueOwqqb9INzWLyHR7BgF6uHMJfANfNWyZoA/iV2SvIgRc01PzvdAEc+4QozJGXbtkLlxEgoihkZ5zqRJCHCQ9QnbU058ol04skZY7ivlS7sBUIXV3Ci/tyIkS/lyPf0pI/UQM56ifif145U78yJKQ8jRTiePtSLGFQBTDKBXSoIVmykCcKC6r9CPEACYaWTS0KwZ0/+SxrHJbtcKl+f5CsXaRxZsAP2QAHY4BRUwBWogTrA4AE8gRfwajwaz8ab8T4dzRjpzjb4BePjG4tBlAk=</latexit>

⇠A⇠ = �z + (1�A)

<latexit sha1_base64="SI+mGBvTiAqK7cZsXYYLeB18zJA="></latexit>

twt + ⇠(�1 +Dw)w⇠ = w �D

✓
w2 +

1

2⇠2
(1� ⇠2w2)

1�A

A

◆

STV-PDE

<latexit sha1_base64="LBdpIp8dYw0BZnVlsgPOI1zxlNA="></latexit>

⇠D⇠ =
D

2A

✓
2(1�A)� (1� v2)z

◆



<latexit sha1_base64="5GOqND1CdFOpAsJpoVJ66Lcj/mo=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBG8WHaLVC9C0YvHCvYHurVk02wbmk1Cki3UpQ/gxVfx4kERrz6AN9/GbLsHbR0IGWbmI/kmkIxq47rfztLyyuraem4jv7m1vbNb2NtvaBErTOpYMKFaAdKEUU7qhhpGWlIRFAWMNIPhdeo3R0RpKvidGUvSiVCf05BiZKzULRQfLv1QIZz4QyQl8tVAQHVfniTe6che+RQ25ZbcKeAi8TJSBBlq3cKX3xM4jgg3mCGt254rTSdBylDMyCTvx5pIhIeoT9qWchQR3Ummy0zgsVV6MBTKHm7gVP09kaBI63EU2GSEzEDPe6n4n9eOTXjRSSiXsSEczx4KYwaNgGkzsEcVwYaNLUFYUftXiAfIdmNsf2kJ3vzKi6RRLnmVUuX2rFi9yurIgUNwBE6AB85BFdyAGqgDDB7BM3gFb86T8+K8Ox+z6JKTzRyAP3A+fwC/VJl5</latexit>

z =
⇢r2

1� v2

<latexit sha1_base64="SpZEzlpVORRJRPAXa8vxUygM1Xs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KIVDdC0Y3LCvYBTSiT6aQdOpmEmUm1huCvuHGhiFv/w51/46TtQlsPXDiccy/33uPHjEpl299GYWl5ZXWtuF7a2Nza3jF395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8ofXud8aESFpxO/UOCZeiPqcBhQjpaWueXB/6QYC4XSUpe4DzUo5umbZrtgTWIvEmZEyzFDvml9uL8JJSLjCDEnZcexYeSkSimJGspKbSBIjPER90tGUo5BIL51cn1nHWulZQSR0cWVN1N8TKQqlHIe+7gyRGsh5Lxf/8zqJCi68lPI4UYTj6aIgYZaKrDwKq0cFwYqNNUFYUH2rhQdIh6F0YHkIzvzLi6R5WnGqlertWbl2NYujCIdwBCfgwDnU4Abq0AAMj/AMr/BmPBkvxrvxMW0tGLOZffgD4/MHkOCT/w==</latexit>

w =
v

⇠
<latexit sha1_base64="+cOBI+S6tdTb3Jc2//5ts/t5LY8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYD+gDWWz3bRLN5u4OxFK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdJv5rSeujYjVA44T7kd0oEQoGEUrtZNrt5ihVyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboT6hGwSSfFrup4QllIzrgHUsVjbjxJ7N7p+TUKn0SxtqWQjJTf09MaGTMOApsZ0RxaBa9TPzP66QYXvkToZIUuWLzRWEqCcYke570heYM5dgSyrSwtxI2pJoytBFlIXiLLy+T5nnFq1aq9xfl2k0eRwGO4QTOwINLqMEd1KEBDCQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8Adb9jeQ=</latexit>

p = 0

<latexit sha1_base64="litJY+tZBs46qmEJZlCBnlqfANI=">AAACAHicbVBNS8NAEJ3Urxq/oh48eFksgqeSiFQvQtGLxwr2A9pQNttNu3SzCbsboZRe/CtePCji1Z/hzX/jJs1BWx8MPN6bYWZekHCmtOt+W6WV1bX1jfKmvbW9s7vn7B+0VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2MbzO//UilYrF40JOE+hEeChYygrWR+s5RT7FhhK9dGxWwc/Sdilt1c6Bl4hWkAgUafeerN4hJGlGhCcdKdT030f4US80IpzO7lyqaYDLGQ9o1VOCIKn+aPzBDp0YZoDCWpoRGufp7YoojpSZRYDojrEdq0cvE/7xuqsMrf8pEkmoqyHxRmHKkY5SlgQZMUqL5xBBMJDO3IjLCEhNtMstC8BZfXiat86pXq9buLyr1myKOMhzDCZyBB5dQhztoQBMIzOAZXuHNerJerHfrY95asoqZQ/gD6/MHW6GRvA==</latexit>

� = 0

We know k=0 Friedmann is a rest point. 

STV-PDE

<latexit sha1_base64="nuzOZKZx5nTbUKDav2LJkp8dXvc=">AAACIHicbVDLSsNAFJ34tr6iLt0MFqGlWBKR1o0g6sKlgrVCE8JkOqlDJw9mbtQ2+Clu/BU3LhTRnX6Nk5qFVg9cOHPOvcy9x08EV2BZH8bE5NT0zOzcfGlhcWl5xVxdu1BxKilr0VjE8tInigkesRZwEOwykYyEvmBtv3+U++1rJhWPo3MYJMwNSS/iAacEtOSZTQxDD3ANO7fc8XmvUtm2a8c31WH+qHpaxft4+/hmWMIFSiN4ZtmqWyPgv8QuSBkVOPXMd6cb0zRkEVBBlOrYVgJuRiRwKthdyUkVSwjtkx7raBqRkCk3Gx14h7e00sVBLHVFgEfqz4mMhEoNQl93hgSu1LiXi/95nRSCPTfjUZICi+j3R0EqMMQ4Twt3uWQUxEATQiXXu2J6RSShoDPNQ7DHT/5LLnbqdqPeONstHxwWccyhDbSJKshGTXSATtApaiGK7tEjekYvxoPxZLwab9+tE0Yxs45+wfj8Ah9MnKI=</latexit>

tzt + ⇠
�
(�1 +Dw)z

�
⇠
= �Dwz

<latexit sha1_base64="SC1sme4bOriP4jJaY5KumFSG/mw=">AAACBnicbVDLSgMxFM3UV62vUZciBItSkZYZkepGaHXjsoJ9QDsMmTRtQzOZIcmIdejKjb/ixoUibv0Gd/6NmXYWWj1wL4dz7iW5xwsZlcqyvozM3PzC4lJ2Obeyura+YW5uNWQQCUzqOGCBaHlIEkY5qSuqGGmFgiDfY6TpDS8Tv3lLhKQBv1GjkDg+6nPaoxgpLbnmbueOwqqb9INzWLyHR7BgF6uHMJfANfNWyZoA/iV2SvIgRc01PzvdAEc+4QozJGXbtkLlxEgoihkZ5zqRJCHCQ9QnbU058ol04skZY7ivlS7sBUIXV3Ci/tyIkS/lyPf0pI/UQM56ifif145U78yJKQ8jRTiePtSLGFQBTDKBXSoIVmykCcKC6r9CPEACYaWTS0KwZ0/+SxrHJbtcKl+f5CsXaRxZsAP2QAHY4BRUwBWogTrA4AE8gRfwajwaz8ab8T4dzRjpzjb4BePjG4tBlAk=</latexit>

⇠A⇠ = �z + (1�A)

<latexit sha1_base64="SI+mGBvTiAqK7cZsXYYLeB18zJA="></latexit>

twt + ⇠(�1 +Dw)w⇠ = w �D

✓
w2 +

1

2⇠2
(1� ⇠2w2)

1�A

A

◆

<latexit sha1_base64="LBdpIp8dYw0BZnVlsgPOI1zxlNA="></latexit>

⇠D⇠ =
D

2A

✓
2(1�A)� (1� v2)z

◆



STV-PDE

Note:   The STV-PDE are NOT the Einstein
Equations in self-similar coordinates                           

<latexit sha1_base64="EZ56mtXNDsJ8yFcXmOOHhqkAeN0=">AAACAHicbZC7TsMwFIYdrqXcAgwMLFYrpCKqKmEojBUsjEWiF6mJKsd1W6uOE9kOEKIuPANvwMIAQqw8BlvfBiftAC2/ZOnTf87R8fm9kFGpLGtiLC2vrK6t5zbym1vbO7vm3n5TBpHApIEDFoi2hyRhlJOGooqRdigI8j1GWt7oKq237oiQNOC3Kg6J66MBp32KkdJW1zx8LKmy80BPyvczyGfqmkWrYmWCi2DPoFgrOKfPk1pc75rfTi/AkU+4wgxJ2bGtULkJEopiRsZ5J5IkRHiEBqSjkSOfSDfJDhjDY+30YD8Q+nEFM/f3RIJ8KWPf050+UkM5X0vN/2qdSPUv3ITyMFKE4+mifsSgCmCaBuxRQbBisQaEBdV/hXiIBMJKZ5aGYM+fvAjNs4pdrVRvdBqXYKocOAIFUAI2OAc1cA3qoAEwGIMX8AbejSfj1fgwPqetS8Zs5gD8kfH1A+mcllw=</latexit>

z(t, ⇠), w(t, ⇠)



…they are the SSC-NG equations expressed
in terms of   

<latexit sha1_base64="/xeGIuhTWfNtg4mpz6XETKj4lFU=">AAAB/XicbZDLSsNAFIYn9VbjLV52boYWoWIpiYvqsujGZQV7gSaUyXTSDp1cmJmoaSi+hA/gxoUibn0Pd30bJ20X2vrDwMd/zuGc+d2IUSFNc6LlVlbX1jfym/rW9s7unrF/0BRhzDFp4JCFvO0iQRgNSENSyUg74gT5LiMtd3id1Vv3hAsaBncyiYjjo35APYqRVFbXOBqVZNl+pKdl+DAnXe8aRbNiTgWXwZpDsVawz54ntaTeNb7tXohjnwQSMyRExzIj6aSIS4oZGet2LEiE8BD1SUdhgHwinHR6/RieKKcHvZCrF0g4dX9PpMgXIvFd1ekjORCLtcz8r9aJpXfppDSIYkkCPFvkxQzKEGZRwB7lBEuWKECYU3UrxAPEEZYqsCwEa/HLy9A8r1jVSvVWpXEFZsqDY1AAJWCBC1ADN6AOGgCDEXgBb+Bde9JetQ/tc9aa0+Yzh+CPtK8fW5+WNg==</latexit>

z(t, ⇠), w(t, ⇠)

STV-PDE

Note:   The STV-PDE are NOT the Einstein
Equations in self-similar coordinates                           

<latexit sha1_base64="EZ56mtXNDsJ8yFcXmOOHhqkAeN0=">AAACAHicbZC7TsMwFIYdrqXcAgwMLFYrpCKqKmEojBUsjEWiF6mJKsd1W6uOE9kOEKIuPANvwMIAQqw8BlvfBiftAC2/ZOnTf87R8fm9kFGpLGtiLC2vrK6t5zbym1vbO7vm3n5TBpHApIEDFoi2hyRhlJOGooqRdigI8j1GWt7oKq237oiQNOC3Kg6J66MBp32KkdJW1zx8LKmy80BPyvczyGfqmkWrYmWCi2DPoFgrOKfPk1pc75rfTi/AkU+4wgxJ2bGtULkJEopiRsZ5J5IkRHiEBqSjkSOfSDfJDhjDY+30YD8Q+nEFM/f3RIJ8KWPf050+UkM5X0vN/2qdSPUv3ITyMFKE4+mifsSgCmCaBuxRQbBisQaEBdV/hXiIBMJKZ5aGYM+fvAjNs4pdrVRvdBqXYKocOAIFUAI2OAc1cA3qoAEwGIMX8AbejSfj1fgwPqetS8Zs5gD8kfH1A+mcllw=</latexit>

z(t, ⇠), w(t, ⇠)



Analyzing stationary solutions of a PDE by 
eigenvalue analysis requires a method of finite 
approximation…this is supplied by the STV-ODE



Analyzing stationary solutions of a PDE by 
eigenvalue analysis requires a method of finite 
approximation…this is supplied by the STV-ODE

Expanding solutions about the center in even 
powers of      the resulting ODE’s close at every 
order…

<latexit sha1_base64="f9rR6eKH2MQl/38wrjGk9TAG5AE=">AAAB7HicbVA9TwJBEJ3DLzy/UEuN2UhMrMidBVoSbSwh8YAELmRvWWDD3t5ld89ILpTWNhYaY+tv4HfY+Rv8E+4BhYIvmeTlvZnMzAtizpR2nC8rt7K6tr6R37S3tnd29wr7B3UVJZJQj0Q8ks0AK8qZoJ5mmtNmLCkOA04bwfAm8xv3VCoWiTs9iqkf4r5gPUawNpLXfmC23SkUnZIzBVom7pwUK8eT2vfjyaTaKXy2uxFJQio04VipluvE2k+x1IxwOrbbiaIxJkPcpy1DBQ6p8tPpsWN0ZpQu6kXSlNBoqv6eSHGo1CgMTGeI9UAtepn4n9dKdO/KT5mIE00FmS3qJRzpCGWfoy6TlGg+MgQTycytiAywxESbfLIQ3MWXl0n9ouSWS+WaSeMaZsjDEZzCObhwCRW4hSp4QIDBE7zAqyWsZ+vNep+15qz5zCH8gfXxA7ccka8=</latexit>

⇠



Analyzing stationary solutions of a PDE by 
eigenvalue analysis requires a method of finite 
approximation…this is supplied by the STV-ODE

…even powers iff smooth at the center restricts 
and simplifies the solution space …

Expanding solutions about the center in even 
powers of      the resulting ODE’s close at every 
order…

<latexit sha1_base64="f9rR6eKH2MQl/38wrjGk9TAG5AE=">AAAB7HicbVA9TwJBEJ3DLzy/UEuN2UhMrMidBVoSbSwh8YAELmRvWWDD3t5ld89ILpTWNhYaY+tv4HfY+Rv8E+4BhYIvmeTlvZnMzAtizpR2nC8rt7K6tr6R37S3tnd29wr7B3UVJZJQj0Q8ks0AK8qZoJ5mmtNmLCkOA04bwfAm8xv3VCoWiTs9iqkf4r5gPUawNpLXfmC23SkUnZIzBVom7pwUK8eT2vfjyaTaKXy2uxFJQio04VipluvE2k+x1IxwOrbbiaIxJkPcpy1DBQ6p8tPpsWN0ZpQu6kXSlNBoqv6eSHGo1CgMTGeI9UAtepn4n9dKdO/KT5mIE00FmS3qJRzpCGWfoy6TlGg+MgQTycytiAywxESbfLIQ3MWXl0n9ouSWS+WaSeMaZsjDEZzCObhwCRW4hSp4QIDBE7zAqyWsZ+vNep+15qz5zCH8gfXxA7ccka8=</latexit>

⇠



STV-ODEAnsatz:



<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

Ansatz: STV-ODE



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

Ansatz: STV-ODE



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

STV-ODE



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

STV-ODE

<latexit sha1_base64="l9iLIhWFSyItiDK9+PLEHjUhwHg=">AAACD3icbVDLSgMxFM3UVx1foy7dDBalgpaZItWNUHTjskJf0NYhk6Y1NJMMSaZSh/kDN/6KGxeKuHXrzr8x03ahrQfCPZxzL7n3+CElUjnOt5FZWFxaXsmummvrG5tb1vZOXfJIIFxDnHLR9KHElDBcU0RR3AwFhoFPccMfXKV+Y4iFJJxV1SjEnQD2GekRBJWWPOuw7XPalaNAl3iYeOwi/+DFRZYc36flpJgc3VZN07NyTsEZw54n7pTkwBQVz/pqdzmKAswUolDKluuEqhNDoQiiODHbkcQhRAPYxy1NGQyw7MTjexL7QCtdu8eFfkzZY/X3RAwDma6sOwOo7uSsl4r/ea1I9c47MWFhpDBDk496EbUVt9Nw7C4RGCk60gQiQfSuNrqDAiKlI0xDcGdPnif1YsEtFUo3p7ny5TSOLNgD+yAPXHAGyuAaVEANIPAInsEreDOejBfj3fiYtGaM6cwu+APj8wenmJu+</latexit>

vn = (z2n, w2n�2)
T



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="l9iLIhWFSyItiDK9+PLEHjUhwHg=">AAACD3icbVDLSgMxFM3UVx1foy7dDBalgpaZItWNUHTjskJf0NYhk6Y1NJMMSaZSh/kDN/6KGxeKuHXrzr8x03ahrQfCPZxzL7n3+CElUjnOt5FZWFxaXsmummvrG5tb1vZOXfJIIFxDnHLR9KHElDBcU0RR3AwFhoFPccMfXKV+Y4iFJJxV1SjEnQD2GekRBJWWPOuw7XPalaNAl3iYeOwi/+DFRZYc36flpJgc3VZN07NyTsEZw54n7pTkwBQVz/pqdzmKAswUolDKluuEqhNDoQiiODHbkcQhRAPYxy1NGQyw7MTjexL7QCtdu8eFfkzZY/X3RAwDma6sOwOo7uSsl4r/ea1I9c47MWFhpDBDk496EbUVt9Nw7C4RGCk60gQiQfSuNrqDAiKlI0xDcGdPnif1YsEtFUo3p7ny5TSOLNgD+yAPXHAGyuAaVEANIPAInsEreDOejBfj3fiYtGaM6cwu+APj8wenmJu+</latexit>

vn = (z2n, w2n�2)
T

STV-ODE

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

…nested ODE’s… linear at leading order.

STV-ODE

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

STV-ODE

<latexit sha1_base64="MVt5oReTiXaeFvjpr6kvuhEniEA=">AAACCHicbVC7SgNBFJ2NrxhfqxYiFi4GwSrsWsQ0QtDGMoJ5QHYJs7OzyZDZBzN3hbBsaeOv2FgoYusXiJ02tn6GkweoiQcunDnnXube48acSTDNdy03N7+wuJRfLqysrq1v6JtbDRklgtA6iXgkWi6WlLOQ1oEBp61YUBy4nDbd/vnQb15TIVkUXsEgpk6AuyHzGcGgpI6+D7YvMEm9LPUgO/152ICTrFDo6EWzZI5gzBJrQo rVyufrzsfXbq2jv9leRJKAhkA4lrJtmTE4KRbACKdZwU4kjTHp4y5tKxrigEonHR2SGYdK8Qw/EqpCMEbq74kUB1IOAld1Bhh6ctobiv957QT8ipOyME6AhmT8kZ9wAyJjmIrhMUEJ8IEimAimdjVID6ssQGU3DMGaPnmWNI5LVrlUvlRpnKEx8mgPHaAjZKETVEUXqIbqiKAbdIce0KN2q91rT9rzuDWnTWa20R9oL9/XzZ5A</latexit>

t
d

dt
=

d

d⌧

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="XKXED1g5omh2tIbuG7Vy9YFeHLM=">AAAB+HicbVBNS8NAEN3Urxo/GvXoZbEVPJWkh+pFKHrxWMF+QBPKZrtpl242YXci1NBf4sWDIl79Kd78NyZtDtr6YODx3gwz8/xYcA22/W2UNja3tnfKu+be/sFhxTo67uooUZR1aCQi1feJZoJL1gEOgvVjxUjoC9bzp7e533tkSvNIPsAsZl5IxpIHnBLIpKFVqblAkmtXyBTmNdMcWlW7bi+A14lTkCoq0B5aX+4ooknIJFBBtB44dgxeShRwKtjcdBPNYkKnZMwGGZUkZNpLF4fP8XmmjHAQqawk4IX6eyIlodaz0M86QwITverl4n/eIIHgyku5jBNgki4XBYnAEOE8BTziilEQs4wQqnh2K6YTogiFLKs8BGf15XXSbdSdZr1536i2boo4yugUnaEL5KBL1EJ3qI06iKIEPaNX9GY8GS/Gu/GxbC0ZxcwJ+gPj8wc7JpIr</latexit>

⌧ = ln t

<latexit sha1_base64="MVt5oReTiXaeFvjpr6kvuhEniEA=">AAACCHicbVC7SgNBFJ2NrxhfqxYiFi4GwSrsWsQ0QtDGMoJ5QHYJs7OzyZDZBzN3hbBsaeOv2FgoYusXiJ02tn6GkweoiQcunDnnXube48acSTDNdy03N7+wuJRfLqysrq1v6JtbDRklgtA6iXgkWi6WlLOQ1oEBp61YUBy4nDbd/vnQb15TIVkUXsEgpk6AuyHzGcGgpI6+D7YvMEm9LPUgO/152ICTrFDo6EWzZI5gzBJrQo rVyufrzsfXbq2jv9leRJKAhkA4lrJtmTE4KRbACKdZwU4kjTHp4y5tKxrigEonHR2SGYdK8Qw/EqpCMEbq74kUB1IOAld1Bhh6ctobiv957QT8ipOyME6AhmT8kZ9wAyJjmIrhMUEJ8IEimAimdjVID6ssQGU3DMGaPnmWNI5LVrlUvlRpnKEx8mgPHaAjZKETVEUXqIbqiKAbdIce0KN2q91rT9rzuDWnTWa20R9oL9/XzZ5A</latexit>

t
d

dt
=

d

d⌧

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

STV-ODE

…autonomous ODE in 



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

STV-ODE

…autonomous means… 

<latexit sha1_base64="MVt5oReTiXaeFvjpr6kvuhEniEA=">AAACCHicbVC7SgNBFJ2NrxhfqxYiFi4GwSrsWsQ0QtDGMoJ5QHYJs7OzyZDZBzN3hbBsaeOv2FgoYusXiJ02tn6GkweoiQcunDnnXube48acSTDNdy03N7+wuJRfLqysrq1v6JtbDRklgtA6iXgkWi6WlLOQ1oEBp61YUBy4nDbd/vnQb15TIVkUXsEgpk6AuyHzGcGgpI6+D7YvMEm9LPUgO/152ICTrFDo6EWzZI5gzBJrQo rVyufrzsfXbq2jv9leRJKAhkA4lrJtmTE4KRbACKdZwU4kjTHp4y5tKxrigEonHR2SGYdK8Qw/EqpCMEbq74kUB1IOAld1Bhh6ctobiv957QT8ipOyME6AhmT8kZ9wAyJjmIrhMUEJ8IEimAimdjVID6ssQGU3DMGaPnmWNI5LVrlUvlRpnKEx8mgPHaAjZKETVEUXqIbqiKAbdIce0KN2q91rT9rzuDWnTWa20R9oL9/XzZ5A</latexit>

t
d

dt
=

d

d⌧

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)



Substituting into STV-PDE and collecting like 
powers yields the STV-ODE of order n=1,2,3…

<latexit sha1_base64="zLiZ4CawpKvfSKuZ/DrBnWqbmRQ="></latexit>

z(t, ⇠) = z2(t)⇠
2 + z4(t)⇠

4 + . . .+ z2n(t)⇠
2n + . . .

<latexit sha1_base64="qDtzWMUIf9MP51zA99AB4XT0l/4="></latexit>

w(t, ⇠) = w0(t) + w2(t)⇠
2 + . . .+ w2n�2(t)⇠

2n�2 + . . .

<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

STV-ODE

…autonomous means… 

<latexit sha1_base64="MVt5oReTiXaeFvjpr6kvuhEniEA=">AAACCHicbVC7SgNBFJ2NrxhfqxYiFi4GwSrsWsQ0QtDGMoJ5QHYJs7OzyZDZBzN3hbBsaeOv2FgoYusXiJ02tn6GkweoiQcunDnnXube48acSTDNdy03N7+wuJRfLqysrq1v6JtbDRklgtA6iXgkWi6WlLOQ1oEBp61YUBy4nDbd/vnQb15TIVkUXsEgpk6AuyHzGcGgpI6+D7YvMEm9LPUgO/152ICTrFDo6EWzZI5gzBJrQo rVyufrzsfXbq2jv9leRJKAhkA4lrJtmTE4KRbACKdZwU4kjTHp4y5tKxrigEonHR2SGYdK8Qw/EqpCMEbq74kUB1IOAld1Bhh6ctobiv957QT8ipOyME6AhmT8kZ9wAyJjmIrhMUEJ8IEimAimdjVID6ssQGU3DMGaPnmWNI5LVrlUvlRpnKEx8mgPHaAjZKETVEUXqIbqiKAbdIce0KN2q91rT9rzuDWnTWa20R9oL9/XzZ5A</latexit>

t
d

dt
=

d

d⌧

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

…amenable to phase portrait analysis.



STV-ODE  (n=1)

Setting n=1 we obtain:



STV-ODE  (n=1)

<latexit sha1_base64="YfLaC8MGCG8Ueo3V+HGFE1pr5aM=">AAACDHicbVC7TsMwFHV4lvIqMLJYVCAWqqSgwoJUwcJYJPqQ2ihyXKe16jxk34DaqB/Awq+wMIAQKx/Axt/gtBmg5UjWPTrnXtv3uJHgCkzz21hYXFpeWc2t5dc3Nre2Czu7DRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdwXXqN++ZVDwM7mAYMdsnvYB7nBLQklMoYuh0Q0hGY6eMjy5xeaTrCT7V5cEx8xPoLrNkToDniZWRIspQcwpf+k4a+ywAKohSbcuMwE6IBE4FG+c7sWIRoQPSY21NA+IzZSeTZcb4UCtd7IVSnwDwRP09kRBfqaHv6k6fQF/Neqn4n9eOwbuwEx5EMbCATh/yYoEhxGkyuMsloyCGmhAquf4rpn0iCQWdXxqCNbvyPGmUS1alVLk9K1avsjhyaB8doGNkoXNURTeohuqIokf0jF7Rm/FkvBjvxse0dcHIZvbQHxifPwDklxs=</latexit>

tż2 = 2z2 � 3z2w0
<latexit sha1_base64="EWoQ7hqfeiLizr/ikoShUgvBycI=">AAACG3icbVDLSgMxFM34rPVVdekmWBRBWmaKVDdC0Y3LCvYBbR0yaaYNzTxI7ljqMP/hxl9x40IRV4IL/8ZM24W2Hkg4nHMv997jhIIrMM1vY2FxaXllNbOWXd/Y3NrO7ezWVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nAGV6nfuGdS8cC/hVHIOh7p+dzllICW7FwJQ7sbQDxMbBMfXeBC25WExlYSl5MHu4RP8FAbhfS/K2XHsHN5s2iOgeeJNSV5NEXVzn3qETTymA9UEKValhlCJyYSOBUsybYjxUJCB6THWpr6xGOqE49vS/ChVrrYDaR+PuCx+rsjJp5SI8/RlR6Bvpr1UvE/rxWBe96JuR9GwHw6GeRGAkOA06Bwl0tGQYw0IVRyvSumfaLDAR1nGoI1e/I8qZeKVrlYvjnNVy6ncWTQPjpAx8hCZ6iCrlEV1RBFj+gZvaI348l4Md6Nj0npgjHt2UN/YHz9AKfHnLk=</latexit>

tẇ0 = �1

6
z2 + w0 � w2

0

Setting n=1 we obtain:



STV-ODE  (n=1)

<latexit sha1_base64="YfLaC8MGCG8Ueo3V+HGFE1pr5aM=">AAACDHicbVC7TsMwFHV4lvIqMLJYVCAWqqSgwoJUwcJYJPqQ2ihyXKe16jxk34DaqB/Awq+wMIAQKx/Axt/gtBmg5UjWPTrnXtv3uJHgCkzz21hYXFpeWc2t5dc3Nre2Czu7DRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdwXXqN++ZVDwM7mAYMdsnvYB7nBLQklMoYuh0Q0hGY6eMjy5xeaTrCT7V5cEx8xPoLrNkToDniZWRIspQcwpf+k4a+ywAKohSbcuMwE6IBE4FG+c7sWIRoQPSY21NA+IzZSeTZcb4UCtd7IVSnwDwRP09kRBfqaHv6k6fQF/Neqn4n9eOwbuwEx5EMbCATh/yYoEhxGkyuMsloyCGmhAquf4rpn0iCQWdXxqCNbvyPGmUS1alVLk9K1avsjhyaB8doGNkoXNURTeohuqIokf0jF7Rm/FkvBjvxse0dcHIZvbQHxifPwDklxs=</latexit>

tż2 = 2z2 � 3z2w0
<latexit sha1_base64="EWoQ7hqfeiLizr/ikoShUgvBycI=">AAACG3icbVDLSgMxFM34rPVVdekmWBRBWmaKVDdC0Y3LCvYBbR0yaaYNzTxI7ljqMP/hxl9x40IRV4IL/8ZM24W2Hkg4nHMv997jhIIrMM1vY2FxaXllNbOWXd/Y3NrO7ezWVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nAGV6nfuGdS8cC/hVHIOh7p+dzllICW7FwJQ7sbQDxMbBMfXeBC25WExlYSl5MHu4RP8FAbhfS/K2XHsHN5s2iOgeeJNSV5NEXVzn3qETTymA9UEKValhlCJyYSOBUsybYjxUJCB6THWpr6xGOqE49vS/ChVrrYDaR+PuCx+rsjJp5SI8/RlR6Bvpr1UvE/rxWBe96JuR9GwHw6GeRGAkOA06Bwl0tGQYw0IVRyvSumfaLDAR1nGoI1e/I8qZeKVrlYvjnNVy6ncWTQPjpAx8hCZ6iCrlEV1RBFj+gZvaI348l4Md6Nj0npgjHt2UN/YHz9AKfHnLk=</latexit>

tẇ0 = �1

6
z2 + w0 � w2

0

…a 2x2 autonomous system with 3 rest points

Setting n=1 we obtain:



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann(Stable)

(Unstable)



M degenerate stable node:
<latexit sha1_base64="pRmwJBm5q+vVhe1/iYnD6Htpt7M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovixpKIVDdC0Y0boYJ9QBvCZDJph04mYWYilNCFG3/FjQtF3PoR7vwbJ2kW2npg4HDOudy5x4sZlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6HlIEkY5aSuqGOnFgqDQY6Trja8zv/tAhKQRv1eTmDghGnIaUIyUllyzOmA67CP3Fh5dwhMb5qjkcM2aVbdywEViF6QGCrRc82vgRzgJCVeYISn7thUrJ0VCUczItDJIJIkRHqMh6WvKUUikk+ZHTOGhVnwYREI/rmCu/p5IUSjlJPR0MkRqJOe9TPzP6ycquHBSyuNEEY5ni4KEQRXBrBHoU0GwYhNNEBZU/xXiERIIK91bVoI9f/Ii6ZzW7Ua9cXdWa14VdZRBFRyAY2CDc9AEN6AF2gCDR/AMXsGb8WS8GO/GxyxaMoqZffAHxucP/uKTKg==</latexit>

�M = �1

<latexit sha1_base64="nLAhbRseOxFS1gYu719mDeeWjXM="></latexit>

RM =

✓
0
1

◆

w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann(Stable)

(Unstable)



M degenerate stable node:

U degenerate unstable node: 

<latexit sha1_base64="pRmwJBm5q+vVhe1/iYnD6Htpt7M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovixpKIVDdC0Y0boYJ9QBvCZDJph04mYWYilNCFG3/FjQtF3PoR7vwbJ2kW2npg4HDOudy5x4sZlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6HlIEkY5aSuqGOnFgqDQY6Trja8zv/tAhKQRv1eTmDghGnIaUIyUllyzOmA67CP3Fh5dwhMb5qjkcM2aVbdywEViF6QGCrRc82vgRzgJCVeYISn7thUrJ0VCUczItDJIJIkRHqMh6WvKUUikk+ZHTOGhVnwYREI/rmCu/p5IUSjlJPR0MkRqJOe9TPzP6ycquHBSyuNEEY5ni4KEQRXBrBHoU0GwYhNNEBZU/xXiERIIK91bVoI9f/Ii6ZzW7Ua9cXdWa14VdZRBFRyAY2CDc9AEN6AF2gCDR/AMXsGb8WS8GO/GxyxaMoqZffAHxucP/uKTKg==</latexit>

�M = �1

<latexit sha1_base64="nLAhbRseOxFS1gYu719mDeeWjXM="></latexit>

RM =

✓
0
1

◆

<latexit sha1_base64="ld2HVhOSqUnqN2Z9pXzq5KtM7kk="></latexit>

RU =

✓
0
1

◆
<latexit sha1_base64="1mz3Pc+6QLcm1pawzsnN+328WAk=">AAAB/HicbVDNSsNAGNzUv1r/oj16WSyCp5KIVC9C0YvHCqYttCFsNpt26WYTdjdCCPVVvHhQxKsP4s23cZPmoK0DC8PMfHzfjp8wKpVlfRu1tfWNza36dmNnd2//wDw86ss4FZg4OGaxGPpIEkY5cRRVjAwTQVDkMzLwZ7eFP3gkQtKYP6gsIW6EJpyGFCOlJc9sjpkOB8hzrm0IGyU8s2W1rRJwldgVaYEKPc/8GgcxTiPCFWZIypFtJcrNkVAUMzJvjFNJEoRnaEJGmnIUEenm5fFzeKqVAIax0I8rWKq/J3IUSZlFvk5GSE3lsleI/3mjVIVXbk55kirC8WJRmDKoYlg0AQMqCFYs0wRhQfWtEE+RQFjpvooS7OUvr5L+edvutDv3F63uTVVHHRyDE3AGbHAJuuAO9IADMMjAM3gFb8aT8WK8Gx+LaM2oZprgD4zPHxY1kc8=</latexit>

�U = 1

w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann(Stable)

(Unstable)



SM
<latexit sha1_base64="FtRPulleyoMugnYay/U6QhpLbdk=">AAACEXicbVDLSsNAFJ34rPUVdelmsChdlaRKdSNU3bisYB/QhDCZTNqhkwczE6GE/IIbf8WNC0XcunPn3zhJs9DWAwOHc87lzj1uzKiQhvGtLS2vrK6tVzaqm1vbO7v63n5PRAnHpIsjFvGBiwRhNCRdSSUjg5gTFLiM9N3JTe73HwgXNArv5TQmdoBGIfUpRlJJjl63mAp7yEmvzAyeXELL5winzSw9zeAM1QKOXjMaRgG4SMyS1ECJjqN/WV6Ek4CEEjMkxNA0YmmniEuKGcmqViJIjPAEjchQ0RAFRNhpcVEGj5XiQT/i6oUSFurviRQFQkwDVyUDJMdi3svF/7xhIv0LO6VhnEgS4tkiP2FQRjCvB3qUEyzZVBGEOVV/hXiMVCVSlZiXYM6fvEh6zYbZarTuzmrt67KOCjgER6AOTHAO2uAWdEAXYPAInsEreNOetBftXfuYRZe0cuYA/IH2+QNYFJjY</latexit>

�A1 =
2

3 ,
<latexit sha1_base64="KpgIcDL1CWGyVd495yZqtHc++jU="></latexit>

RB1 =

✓
4
1

◆<latexit sha1_base64="64t7MEE2PiIzY9i/SUaJrLzAdek="></latexit>

RA1 =

✓
�9
3
2

◆
<latexit sha1_base64="IZ38LT0A4aVq0YL4tnvqAEqEGF0=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbFjSURqW6EUjcuK9gHtCFMJpN26GQSZiZCCV268VfcuFDErZ/gzr9xkmahrQcGDuecy517vJhRqSzr2ygtLa+srpXXKxubW9s75u5eR0aJwKSNIxaJnockYZSTtqKKkV4sCAo9Rrre+Cbzuw9ESBrxezWJiROiIacBxUhpyTUPB0yHfeSmTXsKT67hmQ1nqORwzapVs3LARWIXpAoKtFzza+BHOAkJV5ghKfu2FSsnRUJRzMi0MkgkiREeoyHpa8pRSKST5odM4bFWfBhEQj+uYK7+nkhRKOUk9HQyRGok571M/M/rJyq4clLK40QRjmeLgoRBFcGsFehTQbBiE00QFlT/FeIREggr3V1Wgj1/8iLpnNfseq1+d1FtNIs6yuAAHIFTYINL0AC3oAXaAINH8AxewZvxZLwY78bHLFoyipl98AfG5w+cjZSQ</latexit>

�B1 = �1

w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann

regular unstable saddle:
<latexit sha1_base64="DEbmx1PpagIVoGZeYpbrSNCweQM=">AAACEXicbZDNSsNAFIUn/tb41+rSTbAIFaQkKtWNUHXjsoK1haaUyXTSDk4mYeZGKCGv4MZH0Y0Li7h1586F7+KkcaHWAwMf597LnXu8iDMFtv1hzMzOzS8sFpbM5ZXVtfViaeNahbEktElCHsq2hxXlTNAmMOC0HUmKA4/TlndzntVbt1QqFoorGEW0G+CBYD4jGLTVK1ZOXE59qLi+xCQ5TJODdC/n/YxdyQZD2DVNs1cs21V7ImsanG8o10/th8/SWDR6xXe3H5I4oAIIx0p1HDuCboIlMMJparqxohEmN3hAOxoFDqjqJpOLUmtHO33LD6V+AqyJ+3MiwYFSo8DTnQGGofpby8z/ap0Y/ONuwkQUAxUkX+TH3ILQyuKx+kxSAnykARPJ9F8tMsQ6D9AhZiE4f0+ehuv9qlOr1i51GmcoVwFtoW1UQQ46QnV0gRqoiQi6Q4/oGY2Ne+PJeDFe89YZ43tmE/2S8fYFTMaftQ==</latexit>

=

✓
4

3
,
2

3

◆



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann

Theorem:  The Friedmann spacetimes 
are SM and unstable manifold of SM.



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann

Theorem:  The Friedmann spacetimes 
are SM and unstable manifold of SM.

k=0 



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann

Theorem:  The Friedmann spacetimes 
are SM and unstable manifold of SM.

k<0

k=0 



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann

Theorem:  The Friedmann spacetimes 
are SM and unstable manifold of SM.

k<0

k>0k=0 



Theorem:  The Friedmann spacetimes 
are SM and unstable manifold of SM.

w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U

SM~ k=0 Friedmann
k<0

k>0

Proof:  Expand exact formulas in powers of 
<latexit sha1_base64="mg1Aj1rFC/+cHN5//3vvdtlriRk=">AAAB7XicbVDLSsNAFL3xWeOr6lKRwSK4KomL6rLoxmUL9gFtKJPppB07yYSZiVhCl+7duFDErb/Q73DnN/gTTtoutPXAhcM593LvPX7MmdKO82UtLa+srq3nNuzNre2d3fzefl2JRBJaI4IL2fSxopxFtKaZ5rQZS4pDn9OGP7jO/MY9lYqJ6FYPY+qFuBexgBGsjVRvPzDbtjv5glN0JkCLxJ2RQvloXP1+PB5XOvnPdleQJKSRJhwr1XKdWHsplpoRTkd2O1E0xmSAe7RlaIRDqrx0cu0InRqliwIhTUUaTdTfEykOlRqGvukMse6reS8T//NaiQ4uvZRFcaJpRKaLgoQjLVD2OuoySYnmQ0MwkczcikgfS0y0CSgLwZ1/eZHUz4tuqViqmjSuYIocHMIJnIELF1CGG6hADQjcwRO8wKslrGfrzXqfti5Zs5kD+APr4wfsgZHD</latexit>

⇠

k=0 



STV-ODE  (n=1)

Proof: to get an exact formula for the trajectory 
which takes SM to M…



- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

STV-ODE  (n=1)

Proof: to get an exact formula for the trajectory 
which takes SM to M…



- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

STV-ODE  (n=1)

,

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓

Proof: to get an exact formula for the trajectory 
which takes SM to M…



- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

STV-ODE  (n=1)

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

Proof: to get an exact formula for the trajectory 
which takes SM to M…



- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

STV-ODE  (n=1)

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Proof: to get an exact formula for the trajectory 
which takes SM to M…



- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

…and extract the leading order terms…

STV-ODE  (n=1)

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Proof: to get an exact formula for the trajectory 
which takes SM to M…



STV-ODE  (n=1)

- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

…and extract the leading order terms…
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Proof: to get an exact formula for the trajectory 
which takes SM to M…



STV-ODE  (n=1)

- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

…and extract the leading order terms…
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

<latexit sha1_base64="nA05ka8Y3K1NT6odE5IAqEqTx7w="></latexit>

z̃2(✓) =
6
�
sinh 2✓ � 2✓

�2
�
cosh 2✓ � 1

�3

<latexit sha1_base64="xjcQBqgfFaJBtbybGb1Yi1ymRak="></latexit>

w̃0(✓) =

�
sinh 2✓ � 2✓

�
sinh 2✓

�
cosh 2✓ � 1

�2,

Proof: to get an exact formula for the trajectory 
which takes SM to M…



STV-ODE  (n=1)

-Then check the resulting formula takes SM to M…

- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

…and extract the leading order terms…
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Proof: to get an exact formula for the trajectory 
which takes SM to M…



STV-ODE  (n=1)

-Then check the resulting formula takes SM to M…
…we know Friedmann is some orbit, so this is it!

- Start with exact formula for k<0 Friedmann metric 
in co-moving coordinates…

…and extract the leading order terms…
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="YWUQR1Mu/eu7sLJhXQeyUKszdQ8="></latexit>

t =
�0

2
(sinh 2✓ � 2✓)

<latexit sha1_base64="5y69bCv2uQhipvMfCMMjy6wxESI=">AAACAnicbVC7SgNBFJ31bXytCoLYDIpgFXZTRBshqIWlEfOAbAyzkxszZHZ2mbkrhCA2/oqNoCK2ln6BnY3f4uRRqPHAhTPn3Mvce8JECoOe9+lMTE5Nz8zOzWcWFpeWV9zVtbKJU82hxGMZ62rIDEihoIQCJVQTDSwKJVTCznHfr1yDNiJWF9hNoB6xKyVagjO0UsPdPKeHNDgBiazhBUao9mUuwDbYp7vjZb0B6DjxR2SnsFH8Eo9H72cN9yNoxjyNQCGXzJia7yVY7zGNgku4yQSpgYTxDruCmqWKRWDqvcEJN3TXKk3airUthXSg/pzosciYbhTazohh2/z1+uJ/Xi3F1kG9J1SSIig+/KiVSoox7edBm0IDR9m1hHEt7K6Ut5lmHG1qGRuC//fkcVLOZf18Nl+0aRyRIebIFtkme8Qn+6RATskZKRFObsk9eSLPzp3z4Lw4r8PWCWc0s05+wXn7BpSfmgE=</latexit>

R = �0 sinh
2 ✓ ,

- Transform to SSC coordinates, expand in     …
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Proof: to get an exact formula for the trajectory 
which takes SM to M…



Theorem:  There exists a solution dependent 
SSC time translation

<latexit sha1_base64="cKjABCZ07sHzLsMFKvuMzYSGxCc=">AAAB+XicbVDLSsNAFJ3UV62vqODGTbAIIlgSF9VlqRuXLdgHtCFMppN26GQSZm4KJfRP3LhQRHDlL/gF7tz4LU5SF9p64MLhnHu59x4/5kyBbX8ahZXVtfWN4mZpa3tnd8/cP2irKJGEtkjEI9n1saKcCdoCBpx2Y0lx6HPa8cc3md+ZUKlYJO5gGlM3xEPBAkYwaMkzTehDZMEFeOelHJ5Ztit2DmuZOD+kXDtqfrHX+nvDMz/6g4gkIRVAOFaq59gxuCmWwAins1I/UTTGZIyHtKepwCFVbppfPrNOtTKwgkjqEmDl6u+JFIdKTUNfd4YYRmrRy8T/vF4CwbWbMhEnQAWZLwoSbmXP6hisAZOUAJ9qgolk+laLjLDEBHRYWQjO4svLpH1ZcaqValOnUUdzFNExOkFnyEFXqIZuUQO1EEETdI8e0ZORGg/Gs/Eyby0YPzOH6A+Mt29tdZSg</latexit>

t ! t� t⇤

which maps each trajectory to SM or the 
unstable manifold of SM at order n=1.

STV-ODE  (n=1)

Defn:  We call this “time since the Big Bang”



Theorem:  There exists a solution dependent 
SSC time translation

<latexit sha1_base64="cKjABCZ07sHzLsMFKvuMzYSGxCc=">AAAB+XicbVDLSsNAFJ3UV62vqODGTbAIIlgSF9VlqRuXLdgHtCFMppN26GQSZm4KJfRP3LhQRHDlL/gF7tz4LU5SF9p64MLhnHu59x4/5kyBbX8ahZXVtfWN4mZpa3tnd8/cP2irKJGEtkjEI9n1saKcCdoCBpx2Y0lx6HPa8cc3md+ZUKlYJO5gGlM3xEPBAkYwaMkzTehDZMEFeOelHJ5Ztit2DmuZOD+kXDtqfrHX+nvDMz/6g4gkIRVAOFaq59gxuCmWwAins1I/UTTGZIyHtKepwCFVbppfPrNOtTKwgkjqEmDl6u+JFIdKTUNfd4YYRmrRy8T/vF4CwbWbMhEnQAWZLwoSbmXP6hisAZOUAJ9qgolk+laLjLDEBHRYWQjO4svLpH1ZcaqValOnUUdzFNExOkFnyEFXqIZuUQO1EEETdI8e0ZORGg/Gs/Eyby0YPzOH6A+Mt29tdZSg</latexit>

t ! t� t⇤

which maps each trajectory to SM or the 
unstable manifold of SM at order n=1.

STV-ODE  (n=1)

Cor:  Every solution of the STV-PDE agrees
with Friedmann at leading order n=1.

Defn:  We call this “time since the Big Bang”



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M k<0 

k>0 

STV-ODE  (n=1)

U
The final gauge freedom in the STV-ODE

k=0 



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M k<0 

k>0 

STV-ODE  (n=1)

The final gauge freedom in the STV-ODE
U

<latexit sha1_base64="Uu4AVEjEpR820PMqjadP7DUwQps=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIsggmVGpLosunFZwT6wHUomTdvQTGZI7ghl6F+4caGIW//GnX9j2s5CWw8EDufcS+45QSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqAccx90M6UKIvGEUrPWIHI4Ln2D3rFktu2Z2BLBMvIyXIUOsWvzq9iCUhV8gkNabtuTH6KdUomOSTQicxPKZsRAe8bamiITd+Ort4Qk6s0iP9SNunkMzU3xspDY0Zh4GdDCkOzaI3Ff/z2gn2r/1UqDhBrtj8o34iyTSmjU96QnOGcmwJZVrYWwkbUk0Z2pIKtgRvMfIyaVyUvUq5cn9Zqt5kdeThCI7hFDy4gircQQ3qwEDBM7zCm2OcF+fd+ZiP5pxs5xD+wPn8AcjNkFo=</latexit>

t ! t� t⇤

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

k=0 



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M k<0 

k>0 

STV-ODE  (n=1)

The final gauge freedom in the STV-ODE
U

<latexit sha1_base64="Uu4AVEjEpR820PMqjadP7DUwQps=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIsggmVGpLosunFZwT6wHUomTdvQTGZI7ghl6F+4caGIW//GnX9j2s5CWw8EDufcS+45QSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqAccx90M6UKIvGEUrPWIHI4Ln2D3rFktu2Z2BLBMvIyXIUOsWvzq9iCUhV8gkNabtuTH6KdUomOSTQicxPKZsRAe8bamiITd+Ort4Qk6s0iP9SNunkMzU3xspDY0Zh4GdDCkOzaI3Ff/z2gn2r/1UqDhBrtj8o34iyTSmjU96QnOGcmwJZVrYWwkbUk0Z2pIKtgRvMfIyaVyUvUq5cn9Zqt5kdeThCI7hFDy4gircQQ3qwEDBM7zCm2OcF+fd+ZiP5pxs5xD+wPn8AcjNkFo=</latexit>

t ! t� t⇤
<latexit sha1_base64="SgoEJsNBp5ZwbhDXeHWEBHwDpHM=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0UQwZKIVDdC0Y3LCvYBTQiT6aQdOnkwcyOWkLUbf8WNC0Xc+gXu/BunD1CrBy6cOede5t7jJ4IrsKxPozA3v7C4VFwurayurW+Ym1tNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB5chv3TKpeBzdwDBhbkh6EQ84JaAlz9x17vi5E0hCM5lnkDsQf7+OwDvMPbNsVawx8F9iT0kZTVH3zA+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcan5HhfK10cxFJXBHis/pzISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOPgpSgSHGo1xwl0tGQQw1IVRyvSumfaKTAJ1eSYdgz578lzSPK3a1Ur0+KdcupnEU0Q7aQwfIRqeohq5QHTUQRffoET2jF+PBeDJejbdJa8GYzmyjXzDevwCdkpt/</latexit>

⇠ =
r

t
! r

t� t⇤

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

k=0 



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U
<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M k<0 

STV-ODE  (n=1)

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.

U



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U
<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

k>0 

STV-ODE  (n=1)

U
<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

U
<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.



w0

SM

<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

k=0 

STV-ODE  (n=1)

U
<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

Imposing time since the Big Bang transforms
each solution to SM or one of the two branches
of the unstable manifold of SM.



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

k<0 

k>0 

U

Imposing time since the Big Bang collapses
the n=1 phase portrait to just three trajectories…

k=0 



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

This eliminates a degree of freedom in STV-ODE

k<0 

k>0 

U

k=0 



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

This eliminates a degree of freedom in STV-ODE
…eliminates the rest point U

k<0 

k>0 

U

k=0 



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

This eliminates a degree of freedom in STV-ODE
…eliminates the rest point U
…eliminates the negative eigenvalue at SM

k<0 

k>0 

U

k=0 



- Our formula for the leading order part of k<0 
Friedmann spacetimes provides an exact formula 
for a universal spacetime to which every smooth 
under-dense solution agrees at leading order…

STV-ODE  (n=1)



- Our formula for the leading order part of k<0 
Friedmann spacetimes provides an exact formula 
for a universal spacetime to which every smooth 
under-dense solution agrees at leading order…

STV-ODE  (n=1)

“…and extract the leading order terms…”



- Our formula for the leading order part of k<0 
Friedmann spacetimes provides an exact formula 
for a universal spacetime to which every smooth 
under-dense solution agrees at leading order…

STV-ODE  (n=1)

“…and extract the leading order terms…”
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),



- Our formula for the leading order part of k<0 
Friedmann spacetimes provides an exact formula 
for a universal spacetime to which every smooth 
under-dense solution agrees at leading order…

STV-ODE  (n=1)

“…and extract the leading order terms…”
<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="nA05ka8Y3K1NT6odE5IAqEqTx7w="></latexit>

z̃2(✓) =
6
�
sinh 2✓ � 2✓

�2
�
cosh 2✓ � 1

�3

<latexit sha1_base64="xjcQBqgfFaJBtbybGb1Yi1ymRak="></latexit>

w̃0(✓) =

�
sinh 2✓ � 2✓

�
sinh 2✓

�
cosh 2✓ � 1

�2,



- Our formula for the leading order part of k<0 
Friedmann spacetimes provides an exact formula 
for a universal spacetime to which every smooth 
under-dense solution agrees at leading order…

STV-ODE  (n=1)

“…and extract the leading order terms…”

- Similarly for k=0 and k>0…

<latexit sha1_base64="BPlTut0R8vH7lCBF16cFkpvMlcQ=">AAACCnicbVA9SwNBEN3z2/gVtbRZI0KCEO5SRBshKIilgtFALh57m0myZO+D3TkhOVLbWPo3bCwUsfUX2Plv3CQWmvhg4PHeDDPz/FgKjbb9Zc3Mzs0vLC4tZ1ZW19Y3sptb1zpKFIcqj2Skaj7TIEUIVRQooRYrYIEv4cbvng79mztQWkThFfZiaASsHYqW4AyN5GV3+17p9iyPBXpMXRSyCWl/4JXyLnYAmdELXnbPLtoj0Gni/JC9Ss49ePyq9C687KfbjHgSQIhcMq3rjh1jI2UKBZcwyLiJhpjxLmtD3dCQBaAb6eiVAd03SpO2ImUqRDpSf0+kLNC6F/imM2DY0ZPeUPzPqyfYOmqkIowThJCPF7USSTGiw1xoUyjgKHuGMK6EuZXyDlOMo0kvY0JwJl+eJtelolMuli9NGidkjCWyQ3IkTxxySCrknFyQKuHknjyRF/JqPVjP1pv1Pm6dsX5mtskfWB/foaqb9Q==</latexit>

zF2 (t) = z̃2(✓(t))
<latexit sha1_base64="yfiMcIaImnhOeLACJfc7vcEUmh8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVkWICOHOItoIQUEsI5gYyMVjbzNJlux9sDtnCEdqG0v/ho2FIrb+Arv8GzeJhV8PBh7vzTAzz4+l0GjbIyszMzs3v5BdzC0tr6yu5dc3ajpKFIcqj2Sk6j7TIEUIVRQooR4rYIEv4drvnY3961tQWkThFQ5iaAasE4q24AyN5OW3+559c17AfXpCXRSyBWl/6NkFF7uAzOj7Xn7XLtoT0L/E+SK75R334GFUHlS8/IfbingSQIhcMq0bjh1jM2UKBZcwzLmJhpjxHutAw9CQBaCb6eSVId0zSou2I2UqRDpRv0+kLNB6EPimM2DY1b+9sfif10iwfdxMRRgnCCGfLmonkmJEx7nQllDAUQ4MYVwJcyvlXaYYR5NezoTg/H75L6kdFp1SsXRp0jglU2TJFtkhBeKQI1ImF6RCqoSTO/JInsmLdW89Wa/W27Q1Y33NbJIfsN4/AZGmm+s=</latexit>

wF
0 (t) = w̃0(✓(t)),

<latexit sha1_base64="nA05ka8Y3K1NT6odE5IAqEqTx7w="></latexit>

z̃2(✓) =
6
�
sinh 2✓ � 2✓

�2
�
cosh 2✓ � 1

�3

<latexit sha1_base64="xjcQBqgfFaJBtbybGb1Yi1ymRak="></latexit>

w̃0(✓) =

�
sinh 2✓ � 2✓

�
sinh 2✓

�
cosh 2✓ � 1

�2,



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

k<0 

We say a solution is underdense if k<0 at n=1…



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

k<0 

if trajectory connects SM to M at order n=1…
We say a solution is underdense if k<0 at n=1…



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

if trajectory connects SM to M at order n=1…
but we are still free to impose i.c. at each  n>1.

k<0 

We say a solution is underdense if k<0 at n=1…



w0

SM

<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M

STV-ODE  (n=1)

k<0 

(Theorem:  If a solution tends to M at order n=1,
then it tends to M at every order n>1 as well.)

U



STV-ODE  (n=2)



STV-ODE  (n=2)

Setting n=2:



STV-ODE  (n=2)

Setting n=2:
<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2



<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2

STV-ODE  (n=2)

Setting n=2:
<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} 2x2 system at n=1



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} 2x2 system at n=1



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} 2x2 system at n=1



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)M,

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} 2x2 system at n=1



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1

24
z22 +

1

4
z2w

2
0 �

1

10
z4 � 4w0w2 + 3w2

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} 2x2 system at n=1



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

}
wlog assume time since bb <latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
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4
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2
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1

10
z4 � 4w0w2 + 3w2



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} SM or its unstable manifold 
wlog assume time since bb <latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0

tż4 =
5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2
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1

4
z2w

2
0 �
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10
z4 � 4w0w2 + 3w2



STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} SM or its unstable manifold 
wlog assume time since bb 

only one free parameter 

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0
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STV-ODE  (n=2)

Setting n=2:

…a 4x4 autonomous system with 3 rest points

<latexit sha1_base64="qYScHE8DhqV9DWb17+/XjOOikxw="></latexit>

tż2 = 2z2 � 3z2w0

tẇ0 = �1

6
z2 + w0 � w2

0
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5

12
z22w0 � 5w0z4 + 4z4 � 5z2w2

tẇ2 = � 1
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z2w
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1

10
z4 � 4w0w2 + 3w2

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

<latexit sha1_base64="/F+Eo9hkv5cFaKqOzjq8l7vQByA=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxVbwVJIeqseiF48V7Ae0oWy2m3bpZrPsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8UHKmjed9OxubW9s7u6U9d//g8Oi4fHLa0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3uV+94kqzRLxaGaSBjEeCxYxgo2VutXBvOq67rBc8WreAmid+AWpQIHWsPw1GCUkjakwhGOt+74nTZBhZRjhdO4OUk0lJlM8pn1LBY6pDrLFuXN0aZURihJlSxi0UH9PZDjWehaHtjPGZqJXvVz8z+unJroJMiZkaqggy0VRypFJUP47GjFFieEzSzBRzN6KyAQrTIxNKA/BX315nXTqNb9RazzUK83bIo4SnMMFXIEP19CEe2hBGwhM4Rle4c2Rzovz7nwsWzecYuYM/sD5/AH5fY4I</latexit>

} SM or its unstable manifold 
wlog assume time since bb 

only one free parameter 



STV-ODE  (n=2)

The Rest Points:

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”



STV-ODE  (n=2)

The Rest Points:

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

M:



STV-ODE  (n=2)

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

M:
<latexit sha1_base64="FIRHEsVKjbLiW2VsKDgHBetO2h4=">AAACG3icbVDLSgMxFM3UVx1fVZdugkUR0TLTRXUjFN24ESrYB3RKyWRu29BMZkgyQhn6H278FTcuFHEluPBvTB+Ith4IHM45l5t7/JgzpR3ny8osLC4tr2RX7bX1jc2t3PZOTUWJpFClEY9kwycKOBNQ1UxzaMQSSOhzqPv9q5FfvwepWCTu9CCGVki6gnUYJdpI7VzR86HLREo464rjoY0NPG7mA9K+wYcX+NQ98UAEPwHbbufyTsEZA88Td0ryaIpKO/fhBRFNQhCacqJU03Vi3UqJ1IxyGNpeoiAmtE+60DRUkBBUKx3fNsQHRglwJ5LmCY3H6u+JlIRKDULfJEOie2rWG4n/ec1Ed85bKRNxokHQyaJOwrGO8KgoHDAJVPOBIYRKZv6KaY9IQrWpc1SCO3vyPKkVC26pULot5suX0zqyaA/toyPkojNURteogqqIogf0hF7Qq/VoPVtv1vskmrGmM7voD6zPb+8NnjQ=</latexit>

�M = �1,
<latexit sha1_base64="DzT5n6ycH5FsQTe4vzJAk4sCpl4="></latexit>

RM = (0, 1, 0, 1)T

The Rest Points:



STV-ODE  (n=2)

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

M:
<latexit sha1_base64="FIRHEsVKjbLiW2VsKDgHBetO2h4=">AAACG3icbVDLSgMxFM3UVx1fVZdugkUR0TLTRXUjFN24ESrYB3RKyWRu29BMZkgyQhn6H278FTcuFHEluPBvTB+Ith4IHM45l5t7/JgzpR3ny8osLC4tr2RX7bX1jc2t3PZOTUWJpFClEY9kwycKOBNQ1UxzaMQSSOhzqPv9q5FfvwepWCTu9CCGVki6gnUYJdpI7VzR86HLREo464rjoY0NPG7mA9K+wYcX+NQ98UAEPwHbbufyTsEZA88Td0ryaIpKO/fhBRFNQhCacqJU03Vi3UqJ1IxyGNpeoiAmtE+60DRUkBBUKx3fNsQHRglwJ5LmCY3H6u+JlIRKDULfJEOie2rWG4n/ec1Ed85bKRNxokHQyaJOwrGO8KgoHDAJVPOBIYRKZv6KaY9IQrWpc1SCO3vyPKkVC26pULot5suX0zqyaA/toyPkojNURteogqqIogf0hF7Qq/VoPVtv1vskmrGmM7voD6zPb+8NnjQ=</latexit>

�M = �1,
<latexit sha1_base64="DzT5n6ycH5FsQTe4vzJAk4sCpl4="></latexit>

RM = (0, 1, 0, 1)T

Degenerate stable node…
…orbits enter along w-axis

The Rest Points:



STV-ODE  (n=2)

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

SM:

The Rest Points:



STV-ODE  (n=2)

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



STV-ODE  (n=2)

SM
<latexit sha1_base64="N76bQdbYh40ryAJPZwg0yVVtjS8=">AAACInicbZDLSsNAFIYn9VbjLerSTbAVKkhJYmntQii6cVnBXqANZTKdtEMnF2YmQgl5Fje+ihsXiroSfBgnbRa19cDAx/+fw5nzOyElXBjGt5JbW9/Y3Mpvqzu7e/sH2uFRmwcRQ7iFAhqwrgM5psTHLUEExd2QYeg5FHecyW3qdx4x4yTwH8Q0xLYHRz5xCYJCSgOtXrwu9V0GUVxJ4svkYs7WAleMJLZqC049OS+qqjrQCkbZmJW+CmYGBZBVc6B99ocBijzsC0Qh5z3TCIUdQyYIojhR+xHHIUQTOMI9iT70MLfj2YmJfiaVoe4GTD5f6DN1cSKGHudTz5GdHhRjvuyl4n9eLxLulR0TP4wE9tF8kRtRXQR6mpc+JAwjQacSIGJE/lVHYyijEDLVNARz+eRVaFtls1qu3luFxk0WRx6cgFNQAiaogQa4A03QAgg8gRfwBt6VZ+VV+VC+5q05JZs5Bn9K+fkF9niiCg==</latexit>

= ( 43 ,
2
3 ,

40
27 ,

2
9 )

<latexit sha1_base64="Fr3a1+rhbCa5uHTW2+pBEcykrbg=">AAAB+HicbVDLSgMxFM3UVx0fHXXpJtgKFUrJdFHdCEU3LivYB7RDyaSZNjSTGZKMUEu/xI0LRdz6Ke78GzPtLLT1wIXDOfdy7z1+zJnSCH1buY3Nre2d/K69t39wWHCOjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3qd95pFKxSDzoaUy9EI8ECxjB2kgDp1C6LqOKW0EVdFGybXvgFFEVLQDXiZuRIsjQHDhf/WFEkpAKTThWqueiWHszLDUjnM7tfqJojMkEj2jPUIFDqrzZ4vA5PDfKEAaRNCU0XKi/J2Y4VGoa+qYzxHqsVr1U/M/rJTq48mZMxImmgiwXBQmHOoJpCnDIJCWaTw3BRDJzKyRjLDHRJqs0BHf15XXSrlXderV+Xys2brI48uAUnIEycMElaIA70AQtQEACnsEreLOerBfr3fpYtuasbOYE/IH1+QMhNI+D</latexit>

= (0, 1, 0, 0)
<latexit sha1_base64="HyE+4cTAVcNcg8BLzMkPVGAf9Sw=">AAAB+HicbVDLSsNAFL2prxofjbp0M9gKFaQkXVQ3QtGNywr2AW0ok+mkHTp5MDMRaumXuHGhiFs/xZ1/4yTNQqvncuFwzr3MnePFnEll219GYW19Y3OruG3u7O7tl6yDw46MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetOb1O8+UCFZFN6rWUzdAI9D5jOClZaGVqlyVbXPszqrmKY5tMp2zc6A/hInJ2XI0Rpan4NRRJKAhopwLGXfsWPlzrFQjHC6MAeJpDEmUzymfU1DHFDpzrPDF+hUKyPkR0J3qFCm/tyY40DKWeDpyQCriVz1UvE/r58o/9KdszBOFA3J8iE/4UhFKE0BjZigRPGZJpgIpm9FZIIFJkpnlYbgrH75L+nUa06j1rirl5vXeRxFOIYTqIIDF9CEW2hBGwgk8AQv8Go8Gs/Gm/G+HC0Y+c4R/ILx8Q0fp4+C</latexit>

= (0, 0, 0, 0)M U, ,
“time since big bang”

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



SM is a regular saddle rest point… 
…with 2-dimensional unstable manifold…

STV-ODE  (n=2)

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



the trajectory of the leading order e-value 
Theorem:  The Friedmann spacetimes are <latexit sha1_base64="FtRPulleyoMugnYay/U6QhpLbdk=">AAACEXicbVDLSsNAFJ34rPUVdelmsChdlaRKdSNU3bisYB/QhDCZTNqhkwczE6GE/IIbf8WNC0XcunPn3zhJs9DWAwOHc87lzj1uzKiQhvGtLS2vrK6tVzaqm1vbO7v63n5PRAnHpIsjFvGBiwRhNCRdSSUjg5gTFLiM9N3JTe73HwgXNArv5TQmdoBGIfUpRlJJjl63mAp7yEmvzAyeXELL5winzSw9zeAM1QKOXjMaRgG4SMyS1ECJjqN/WV6Ek4CEEjMkxNA0YmmniEuKGcmqViJIjPAEjchQ0RAFRNhpcVEGj5XiQT/i6oUSFurviRQFQkwDVyUDJMdi3svF/7xhIv0LO6VhnEgS4tkiP2FQRjCvB3qUEyzZVBGEOVV/hXiMVCVSlZiXYM6fvEh6zYbZarTuzmrt67KOCjgER6AOTHAO2uAWdEAXYPAInsEreNOetBftXfuYRZe0cuYA/IH2+QNYFJjY</latexit>

�A1 =
2

3

STV-ODE  (n=2)

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



the trajectory of the leading order e-value 
Proof:  Expand exact formulas in powers of    . 

Theorem:  The Friedmann spacetimes are <latexit sha1_base64="FtRPulleyoMugnYay/U6QhpLbdk=">AAACEXicbVDLSsNAFJ34rPUVdelmsChdlaRKdSNU3bisYB/QhDCZTNqhkwczE6GE/IIbf8WNC0XcunPn3zhJs9DWAwOHc87lzj1uzKiQhvGtLS2vrK6tVzaqm1vbO7v63n5PRAnHpIsjFvGBiwRhNCRdSSUjg5gTFLiM9N3JTe73HwgXNArv5TQmdoBGIfUpRlJJjl63mAp7yEmvzAyeXELL5winzSw9zeAM1QKOXjMaRgG4SMyS1ECJjqN/WV6Ek4CEEjMkxNA0YmmniEuKGcmqViJIjPAEjchQ0RAFRNhpcVEGj5XiQT/i6oUSFurviRQFQkwDVyUDJMdi3svF/7xhIv0LO6VhnEgS4tkiP2FQRjCvB3qUEyzZVBGEOVV/hXiMVCVSlZiXYM6fvEh6zYbZarTuzmrt67KOCjgER6AOTHAO2uAWdEAXYPAInsEreNOetBftXfuYRZe0cuYA/IH2+QNYFJjY</latexit>

�A1 =
2

3
<latexit sha1_base64="ZtI5nLv0jQn//Y8UOI+NcsMTFM0=">AAAB63icbVC7SgNBFL0bXzG+opaKDAbBKuxaRMugjWUC5gHJEmYns8mQmdllZlYMIaWtjYUitv5DvsPOb/AnnE1SaOKBC4dz7uXee4KYM21c98vJrKyurW9kN3Nb2zu7e/n9g7qOEkVojUQ8Us0Aa8qZpDXDDKfNWFEsAk4bweAm9Rv3VGkWyTszjKkvcE+ykBFsUqn9wHKdfMEtulOgZeLNSaF8PKl+P55MKp38Z7sbkURQaQjHWrc8Nzb+CCvDCKfjXDvRNMZkgHu0ZanEgmp/NL11jM6s0kVhpGxJg6bq74kRFloPRWA7BTZ9veil4n9eKzHhlT9iMk4MlWS2KEw4MhFKH0ddpigxfGgJJorZWxHpY4WJsfGkIXiLLy+T+kXRKxVLVZvGNcyQhSM4hXPw4BLKcAsVqAGBPjzBC7w6wnl23pz3WWvGmc8cwh84Hz+Bw5Gb</latexit>

⇠

STV-ODE  (n=2)

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



Conclude:  The            Friedmann spacetimes 
correspond to one trajectory in the 2-dimensional 
unstable manifold of SM…

<latexit sha1_base64="GhhkGR982cBwnQS55Z9sfS6rOt4=">AAAB7nicbVA9SwNBEJ3zM0aNUUstDoNgFe4somWIjWUE8wFJCHubuWS5vb1zd08IR36EjYUitv4Ef4ed/8TCwr0khSY+GHi8N8PMPC/mTGnH+bRWVtfWNzZzW/ntnd3CXnH/oKmiRFJs0IhHsu0RhZwJbGimObZjiST0OLa84CrzW/coFYvErR7H2AvJUDCfUaKN1Aq6Au+cfL9YcsrOFPYyceekVD1+rznfX4V6v/jRHUQ0CVFoyolSHdeJdS8lUjPKcZLvJgpjQgMyxI6hgoSoeun03Il9apSB7UfSlND2VP09kZJQqXHomc6Q6JFa9DLxP6+TaP+ylzIRJxoFnS3yE27ryM5+twdMItV8bAihkplbbToiklBtEspCcBdfXibN87JbKVduTBo1mCEHR3ACZ+DCBVThGurQAAoBPMATPFux9Wi9WK+z1hVrPnMIf2C9/QBIM5KU</latexit>

k 6= 0

STV-ODE  (n=2)

SM:
<latexit sha1_base64="J+nAF9IjinWZSbR96e59tSDtqWA="></latexit>

�A1 =
2

3
, RA1 =

✓
� 9,

3

2
,�10

3
,�1

◆T

�B1 = �1, RB1 =

✓
4, 1,

80

9
, 1

◆T

�A2 =
4

3
, RA2 = (0, 0,�10, 1)T

�B2 = �1

3
, RB2 =

✓
0, 0,

20

3
, 1

◆T

The Rest Points:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Generically:  Solutions agree with Friedman at early times, 
accelerate away, and then decay back to Friedmann… 

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

(Theorem:  If a solution tends to M at order n=1,
then it tends to M at every order n>1 as well.)

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Phase Portrait:

The accelerations fundamentally arise from an instability 
at Big Bang, not from fluctuations on some length scale…



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

Under-dense solutions all decay back to k<0 Friedmann 
faster than they decay to Minkowski at M as             . 

Phase Portrait:

<latexit sha1_base64="XTh6KJOBJJjQE1IuCAJk7uauZbY=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWy2m3bpZjfsToQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJ7czvPjFtuJIPkCUsiMlI8ohTAlZ6BB+Uz2UE2aBac+vuHHiVeAWpoQKtQfXLHyqaxkwCFcSYvucmEOREA6eCTSt+alhC6ISMWN9SSWJmgnx+8RSfWWWII6VtScBz9fdETmJjsji0nTGBsVn2ZuJ/Xj+F6DrIuUxSYJIuFkWpwKDw7H085JpREJklhGpub8V0TDShYEOq2BC85ZdXSeei7jXqjfvLWvOmiKOMTtApOkceukJNdIdaqI0okugZvaI3xzgvzrvzsWgtOcXMMfoD5/MH+biRIg==</latexit>

t ! 1



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="NVHgrta2myb4hF3+Bvq6CU8GI9Q=">AAAB8HicbVDLSgNBEOyNrxhfUcGLl8EgeAq7ItFjiBePCZqHJCHMTmaTITOzy8ysEJZ8hRcPingV/Au/wJsXv8XZxIMmFjQUVd10d/kRZ9q47qeTWVpeWV3Lruc2Nre2d/K7ew0dxorQOgl5qFo+1pQzSeuGGU5bkaJY+Jw2/dFl6jfvqNIslDdmHNGuwAPJAkawsdJt55oNBO6d5Xr5glt0p0CLxPshhfJB7Yu9Vd6rvfxHpx+SWFBpCMdatz03Mt0EK8MIp5NcJ9Y0wmSEB7RtqcSC6m4yPXiCjq3SR0GobEmDpurviQQLrcfCt50Cm6Ge91LxP68dm+CimzAZxYZKMlsUxByZEKXfoz5TlBg+tgQTxeytiAyxwsTYjNIQvPmXF0njtOiViqWaTaMCM2ThEI7gBDw4hzJcQRXqQEDAPTzCk6OcB+fZeZm1ZpyfmX34A+f1G7JFk2Y=</latexit>

⌃4=unstable manifold of SM

The negative eigenvalue at SM implies Big Bang generically 
self-similar like SM only at leading order n=1…

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9 SM

M

k<0

<latexit sha1_base64="B2jEvWmcsxz8f74jRXnkgK9VfUw=">AAAB8nicbVC7SgNBFJ31GeMraqnFYBBsDLsiUbAJ2lhGNA/crGF2dpIMmccyMyuEJd9gZWOhiG2+xs6/cTZJoYkHLhzOuZd77wljRrVx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBQmNSyZVM0QacKoIDVDDSPNWBHEQ0YaYf868xtPRGkqxb0ZxCTgqCtoh2JkrOS37miXo/bZ40m+XSi6JXcMOE+8KSlWis+X0cPBqNoufLUiiRNOhMEMae17bmyCFClDMSPDfCvRJEa4j7rEt1QgTnSQjk8ewiOrRLAjlS1h4Fj9PZEirvWAh7aTI9PTs14m/uf5ielcBCkVcWKIwJNFnYRBI2H2P4yoItiwgSUIK2pvhbiHFMLGppSF4M2+PE/qpyWvXCrf2jSuwAQ5sA8OwTHwwDmogBtQBTWAgQQv4A28O8Z5dT6cz0nrgjOd2QN/4Ix+AJabkxc=</latexit>

⌃�
4

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

Generically…

Phase Portrait:



STV-ODE  (n=2)

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9 SM

M

k<0

<latexit sha1_base64="B2jEvWmcsxz8f74jRXnkgK9VfUw=">AAAB8nicbVC7SgNBFJ31GeMraqnFYBBsDLsiUbAJ2lhGNA/crGF2dpIMmccyMyuEJd9gZWOhiG2+xs6/cTZJoYkHLhzOuZd77wljRrVx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBQmNSyZVM0QacKoIDVDDSPNWBHEQ0YaYf868xtPRGkqxb0ZxCTgqCtoh2JkrOS37miXo/bZ40m+XSi6JXcMOE+8KSlWis+X0cPBqNoufLUiiRNOhMEMae17bmyCFClDMSPDfCvRJEa4j7rEt1QgTnSQjk8ewiOrRLAjlS1h4Fj9PZEirvWAh7aTI9PTs14m/uf5ielcBCkVcWKIwJNFnYRBI2H2P4yoItiwgSUIK2pvhbiHFMLGppSF4M2+PE/qpyWvXCrf2jSuwAQ5sA8OwTHwwDmogBtQBTWAgQQv4A28O8Z5dT6cz0nrgjOd2QN/4Ix+AJabkxc=</latexit>

⌃�
4

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

Phase Portrait:

Generically…perturbations of k<0 Friedmann do not hit 
SM in backward time, but go off to infinity instead…



STV-ODE  (n=2)Phase Portrait:

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9 SM

M

k<0

<latexit sha1_base64="B2jEvWmcsxz8f74jRXnkgK9VfUw=">AAAB8nicbVC7SgNBFJ31GeMraqnFYBBsDLsiUbAJ2lhGNA/crGF2dpIMmccyMyuEJd9gZWOhiG2+xs6/cTZJoYkHLhzOuZd77wljRrVx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBQmNSyZVM0QacKoIDVDDSPNWBHEQ0YaYf868xtPRGkqxb0ZxCTgqCtoh2JkrOS37miXo/bZ40m+XSi6JXcMOE+8KSlWis+X0cPBqNoufLUiiRNOhMEMae17bmyCFClDMSPDfCvRJEa4j7rEt1QgTnSQjk8ewiOrRLAjlS1h4Fj9PZEirvWAh7aTI9PTs14m/uf5ielcBCkVcWKIwJNFnYRBI2H2P4yoItiwgSUIK2pvhbiHFMLGppSF4M2+PE/qpyWvXCrf2jSuwAQ5sA8OwTHwwDmogBtQBTWAgQQv4A28O8Z5dT6cz0nrgjOd2QN/4Ix+AJabkxc=</latexit>

⌃�
4

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4 generic solns do not hit 

SM in backward time…”

“Unlike k<0 Friedmann

…so Generically…



STV-ODE  (n=2)Phase Portrait:

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9 SM

M

k<0

<latexit sha1_base64="B2jEvWmcsxz8f74jRXnkgK9VfUw=">AAAB8nicbVC7SgNBFJ31GeMraqnFYBBsDLsiUbAJ2lhGNA/crGF2dpIMmccyMyuEJd9gZWOhiG2+xs6/cTZJoYkHLhzOuZd77wljRrVx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBQmNSyZVM0QacKoIDVDDSPNWBHEQ0YaYf868xtPRGkqxb0ZxCTgqCtoh2JkrOS37miXo/bZ40m+XSi6JXcMOE+8KSlWis+X0cPBqNoufLUiiRNOhMEMae17bmyCFClDMSPDfCvRJEa4j7rEt1QgTnSQjk8ewiOrRLAjlS1h4Fj9PZEirvWAh7aTI9PTs14m/uf5ielcBCkVcWKIwJNFnYRBI2H2P4yoItiwgSUIK2pvhbiHFMLGppSF4M2+PE/qpyWvXCrf2jSuwAQ5sA8OwTHwwDmogBtQBTWAgQQv4A28O8Z5dT6cz0nrgjOd2QN/4Ix+AJabkxc=</latexit>

⌃�
4

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4 generic solns do not hit 

SM in backward time…”

“Unlike k<0 Friedmann

…so Generically… the Big Bang is self-similar like 
Friedmann spacetimes only to leading order           ! 

<latexit sha1_base64="oDYZrntwOoOhB6Sr457F8U/5jOM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV1y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BzE2Nfw==</latexit>

n = 1



STV-ODE  (n=3)



STV-ODE  (n=3)
(Complicated…)



STV-ODE  (n=3)

<latexit sha1_base64="CGsTunSNO3LUFdmyw48VEp3AxRc="></latexit>

tż6 = 6z6 � 7(z6w0 + z2w4 + z2w0D4 + z2w2D2 + z4w0D2 + z4w2)

<latexit sha1_base64="VlPaKhEC7+b7HF5pelNcplJXql4="></latexit>

tẇ4 = � 1

14
z6 + 5w4 � 6w0w4 �

1

2
w2

0(A4 �A2
2)�

1

2
w2

0A2D2

<latexit sha1_base64="l+5uBH9NFZcrnKChN3StiCluqA0="></latexit>

�w0w2A2 +
1

2
A2D4 +

1

2
(A4 �A2

2)D2 �A2A4 +
1

2
A3

2

<latexit sha1_base64="sT900p8InU+Mo/4qvbJCCNLZi9Q=">AAACCnicbZA7TwJBEMf3fCK+Ti1tVogJDeTuJGBJ1MISE3kkPC57ywIb9h7Z3ZOQC7WN38DPYGOhMbY2tnZGP4x7QKHgJJv85j8zmZ2/EzAqpGF8akvLK6tr64mN5ObW9s6uvrdfFX7IMalgn/m87iBBGPVIRVLJSD3gBLkOIzVncB7XazeEC+p713IUkJaLeh7tUoykkmz9KAuHttG2Luw8zMK84qGtEkslJ4raVtLW00bOmARcBHMG6VIq8/1VfL8v2/pHs+Pj0CWexAwJ0TCNQLYixCXFjIyTzVCQAOEB6pGGQg+5RLSiySljeKyUDuz6XD1Pwon6eyJCrhAj11GdLpJ9MV+Lxf9qjVB2T1sR9YJQEg9PF3VDBqUPY19gh3KCJRspQJhT9VeI+4gjLJV7sQnm/MmLULVyZiFXuFJunIFpJMAhSIEMMEERlMAlKIMKwOAWPIAn8KzdaY/ai/Y6bV3SZjMH4E9obz/p35pY</latexit>

�w2
0D4 � 4w0w2D2 � 3w2

2
<latexit sha1_base64="Ach3QEtVwKn6YjNAanOu2qpTygE=">AAAB/nicbVDLSsNAFJ3UV62vqIiIm8EiuLEkFWo3QtWNywr2AW0Ik+mkDp1MwsxEqCHgr7hxoYhbP0Pc6catn+H0sdDWAxcO59zLvfd4EaNSWdaHkZmZnZtfyC7mlpZXVtfM9Y26DGOBSQ2HLBRND0nCKCc1RRUjzUgQFHiMNLze+cBv3BAhacivVD8iToC6nPoUI6Ul19w6dYvwBB62fYFwYqfJUXrrFl0zbxWsIeA0scckXyl/vW1/fu9UXfO93QlxHBCuMENStmwrUk6ChKKYkTTXjiWJEO6hLmlpylFApJMMz0/hvlY60A+FLq7gUP09kaBAyn7g6c4AqWs56Q3E/7xWrPyyk1AexYpwPFrkxwyqEA6ygB0qCFasrwnCgupbIb5GOgilE8vpEOzJl6dJvViwS4XSpU7jDIyQBbtgDxwAGxyDCrgAVVADGCTgHjyCJ+POeDCejZdRa8YYz2yCPzBefwCnzJhw</latexit>

A2 = �1

3
z2

<latexit sha1_base64="XAZWg5NuwT6uxHvdibA5SjXlct4=">AAACAHicbVDLSsNAFJ3UV62vqIsibgaL4MaSiNZuhKoblxXsA9pQJtNJO3QyCTMToYZs/BU3LhRx61eIO9249TOctF1o9cCFwzn3cu89bsioVJb1bmRmZufmF7KLuaXlldU1c32jLoNIYFLDAQtE00WSMMpJTVHFSDMUBPkuIw13cJ76jWsiJA34lRqGxPFRj1OPYqS01DHzp51DeAL3255AOLaT+Ci50UquYxasojUC/EvsCSlUyp+v+Y+vrWrHfGt3Axz5hCvMkJQt2wqVEyOhKGYkybUjSUKEB6hHWppy5BPpxKMHErirlS70AqGLKzhSf07EyJdy6Lu600eqL6e9VPzPa0XKKzsx5WGkCMfjRV7EoApgmgbsUkGwYkNNEBZU3wpxH+kolM4sDcGefvkvqR8U7VKxdKnTOANjZME22AF7wAbHoAIuQBXUAAYJuAMP4NG4Ne6NJ+N53JoxJjOb4BeMl29I8Zi0</latexit>

A4 = �1

5
z4

<latexit sha1_base64="jdGxMB5ZxAJze8/wB+eOU+wKo5A=">AAACDHicbVC7SgNBFJ2NrxhfUQsRm8Eg2CTsbhHTCEFTWEYwD0iWZXYymwyZfTAzK8RlP8DGX7GxUMTWWuy0sfUznE1SaOKBgcM553LnHidkVEhd/9AyC4tLyyvZ1dza+sbmVn57pymCiGPSwAELeNtBgjDqk4akkpF2yAnyHEZazvA89VvXhAsa+FdyFBLLQ32fuhQjqSQ7X6jZJjyFxa7LEY6NJDbM5MY2uww5hMU1s5jAnErpJX0MOE+MKSlUK19ve5/f+3U7/97tBTjyiC8xQ0J0DD2UVoy4pJiRJNeNBAkRHqI+6SjqI48IKx4fk8AjpfSgG3D1fAnH6u+JGHlCjDxHJT0kB2LWS8X/vE4k3YoVUz+MJPHxZJEbMSgDmDYDe5QTLNlIEYQ5VX+FeIBULVL1l5ZgzJ48T5pmySiXypeqjTMwQRYcgENwDAxwAqrgAtRBA2BwC+7BI3jS7rQH7Vl7mUQz2nRmF/yB9voDvzSdUA==</latexit>

D2 = � 1

12
z2

<latexit sha1_base64="nThnQ6C3z6Jx9FPo2OIUeRxipkE="></latexit>

D4 = � 3

40
z4 +

1

8
z2w

2
0 �

1

96
z22,

,

(Complicated…)



STV-ODE  (n=3)

<latexit sha1_base64="CGsTunSNO3LUFdmyw48VEp3AxRc="></latexit>

tż6 = 6z6 � 7(z6w0 + z2w4 + z2w0D4 + z2w2D2 + z4w0D2 + z4w2)

<latexit sha1_base64="VlPaKhEC7+b7HF5pelNcplJXql4="></latexit>

tẇ4 = � 1

14
z6 + 5w4 � 6w0w4 �

1

2
w2

0(A4 �A2
2)�

1

2
w2

0A2D2

<latexit sha1_base64="l+5uBH9NFZcrnKChN3StiCluqA0="></latexit>

�w0w2A2 +
1

2
A2D4 +

1

2
(A4 �A2

2)D2 �A2A4 +
1

2
A3

2

<latexit sha1_base64="sT900p8InU+Mo/4qvbJCCNLZi9Q=">AAACCnicbZA7TwJBEMf3fCK+Ti1tVogJDeTuJGBJ1MISE3kkPC57ywIb9h7Z3ZOQC7WN38DPYGOhMbY2tnZGP4x7QKHgJJv85j8zmZ2/EzAqpGF8akvLK6tr64mN5ObW9s6uvrdfFX7IMalgn/m87iBBGPVIRVLJSD3gBLkOIzVncB7XazeEC+p713IUkJaLeh7tUoykkmz9KAuHttG2Luw8zMK84qGtEkslJ4raVtLW00bOmARcBHMG6VIq8/1VfL8v2/pHs+Pj0CWexAwJ0TCNQLYixCXFjIyTzVCQAOEB6pGGQg+5RLSiySljeKyUDuz6XD1Pwon6eyJCrhAj11GdLpJ9MV+Lxf9qjVB2T1sR9YJQEg9PF3VDBqUPY19gh3KCJRspQJhT9VeI+4gjLJV7sQnm/MmLULVyZiFXuFJunIFpJMAhSIEMMEERlMAlKIMKwOAWPIAn8KzdaY/ai/Y6bV3SZjMH4E9obz/p35pY</latexit>

�w2
0D4 � 4w0w2D2 � 3w2

2
<latexit sha1_base64="Ach3QEtVwKn6YjNAanOu2qpTygE=">AAAB/nicbVDLSsNAFJ3UV62vqIiIm8EiuLEkFWo3QtWNywr2AW0Ik+mkDp1MwsxEqCHgr7hxoYhbP0Pc6catn+H0sdDWAxcO59zLvfd4EaNSWdaHkZmZnZtfyC7mlpZXVtfM9Y26DGOBSQ2HLBRND0nCKCc1RRUjzUgQFHiMNLze+cBv3BAhacivVD8iToC6nPoUI6Ul19w6dYvwBB62fYFwYqfJUXrrFl0zbxWsIeA0scckXyl/vW1/fu9UXfO93QlxHBCuMENStmwrUk6ChKKYkTTXjiWJEO6hLmlpylFApJMMz0/hvlY60A+FLq7gUP09kaBAyn7g6c4AqWs56Q3E/7xWrPyyk1AexYpwPFrkxwyqEA6ygB0qCFasrwnCgupbIb5GOgilE8vpEOzJl6dJvViwS4XSpU7jDIyQBbtgDxwAGxyDCrgAVVADGCTgHjyCJ+POeDCejZdRa8YYz2yCPzBefwCnzJhw</latexit>

A2 = �1

3
z2

<latexit sha1_base64="XAZWg5NuwT6uxHvdibA5SjXlct4=">AAACAHicbVDLSsNAFJ3UV62vqIsibgaL4MaSiNZuhKoblxXsA9pQJtNJO3QyCTMToYZs/BU3LhRx61eIO9249TOctF1o9cCFwzn3cu89bsioVJb1bmRmZufmF7KLuaXlldU1c32jLoNIYFLDAQtE00WSMMpJTVHFSDMUBPkuIw13cJ76jWsiJA34lRqGxPFRj1OPYqS01DHzp51DeAL3255AOLaT+Ci50UquYxasojUC/EvsCSlUyp+v+Y+vrWrHfGt3Axz5hCvMkJQt2wqVEyOhKGYkybUjSUKEB6hHWppy5BPpxKMHErirlS70AqGLKzhSf07EyJdy6Lu600eqL6e9VPzPa0XKKzsx5WGkCMfjRV7EoApgmgbsUkGwYkNNEBZU3wpxH+kolM4sDcGefvkvqR8U7VKxdKnTOANjZME22AF7wAbHoAIuQBXUAAYJuAMP4NG4Ne6NJ+N53JoxJjOb4BeMl29I8Zi0</latexit>

A4 = �1

5
z4

<latexit sha1_base64="jdGxMB5ZxAJze8/wB+eOU+wKo5A=">AAACDHicbVC7SgNBFJ2NrxhfUQsRm8Eg2CTsbhHTCEFTWEYwD0iWZXYymwyZfTAzK8RlP8DGX7GxUMTWWuy0sfUznE1SaOKBgcM553LnHidkVEhd/9AyC4tLyyvZ1dza+sbmVn57pymCiGPSwAELeNtBgjDqk4akkpF2yAnyHEZazvA89VvXhAsa+FdyFBLLQ32fuhQjqSQ7X6jZJjyFxa7LEY6NJDbM5MY2uww5hMU1s5jAnErpJX0MOE+MKSlUK19ve5/f+3U7/97tBTjyiC8xQ0J0DD2UVoy4pJiRJNeNBAkRHqI+6SjqI48IKx4fk8AjpfSgG3D1fAnH6u+JGHlCjDxHJT0kB2LWS8X/vE4k3YoVUz+MJPHxZJEbMSgDmDYDe5QTLNlIEYQ5VX+FeIBULVL1l5ZgzJ48T5pmySiXypeqjTMwQRYcgENwDAxwAqrgAtRBA2BwC+7BI3jS7rQH7Vl7mUQz2nRmF/yB9voDvzSdUA==</latexit>

D2 = � 1

12
z2

<latexit sha1_base64="nThnQ6C3z6Jx9FPo2OIUeRxipkE="></latexit>

D4 = � 3

40
z4 +

1

8
z2w

2
0 �

1

96
z22,

,

But phase portrait is determined qualitatively at n=2…

(Complicated…)



STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

…nested ODE’s…linear at leading order.



STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

…nested ODE’s…linear at leading order.

Assuming time since BB,      exactly 2 rest points:
<latexit sha1_base64="lUvwJ7+G8gUeSe9hgdmw4ir45gs=">AAAB73icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gCWFvM5cs2ftwd08MR/6EjYUigpW/xN5G/DfuJSk08cHA470Z3sx4seBKO863lVtYXFpeya/aa+sbm1uF7Z2aihLJsMoiEcmGRxUKHmJVcy2wEUukgSew7g0uM79+h1LxKLzRwxjbAe2F3OeMaiM1WnhvMpTdKRSdkjMGmSfulBTPP+yz+O3LrnQKn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNDSkAap2Ot53RA6M0iV+JE2FmozV3xMpDZQaBp7pDKjuq1kvE//zmon2T9spD+NEY8gmQX4iiI5IdjzpcolMi6EhlEludiWsTyVl2rwoe4I7e/I8qR2V3OPS8bVTLF/ABHnYg304BBdOoAxXUIEqMBDwAE/wbN1aj9aL9TppzVnTmV34A+v9Bzbckxg=</latexit>

9



STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

…nested ODE’s…linear at leading order.

M=
<latexit sha1_base64="y6Y30vWr28Ay3357T8MvyGgd04g=">AAACCnicbVC7TsMwFHXKq5RXgJEltEIqoqqSDoWxgoWxIPqQmlA5rtNadZzIdpCiKDMLI7/BwgBCrHwBW/8Gp+0ALUeydHTOvdf3HjekREjTnGi5ldW19Y38ZmFre2d3T98/aIsg4gi3UEAD3nWhwJQw3JJEUtwNOYa+S3HHHV9lfucBc0ECdifjEDs+HDLiEQSlkvr6cdmsWBWzYg8CKSrmqU2Y7UM5ct3kNr1Paizt6yWzak5hLBNrTkqNon32PGnEzb7+rYahyMdMIgqF6FlmKJ0EckkQxWnBjgQOIRrDIe4pyqCPhZNMT0mNE6UMDC/g6jFpTNXfHQn0hYh9V1Vma4pFLxP/83qR9C6chLAwkpih2UdeRA0ZGFkuxoBwjCSNFYGIE7WrgUaQQyRVegUVgrV48jJp16pWvVq/UWlcghny4AgUQRlY4Bw0wDVoghZA4BG8gDfwrj1pr9qH9jkrzWnznkPwB9rXD9CunCA=</latexit>

(0, 1, 0, . . . , 0) 2 R2nSM=
<latexit sha1_base64="D2PMLKbo7q49VGfKdYiTvXw+Xjg="></latexit>✓
4

3
,
2

3
,
40

27
,
2

9
· · ·

◆
2 R2n ,

Assuming time since BB,      exactly 2 rest points:
<latexit sha1_base64="lUvwJ7+G8gUeSe9hgdmw4ir45gs=">AAAB73icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gCWFvM5cs2ftwd08MR/6EjYUigpW/xN5G/DfuJSk08cHA470Z3sx4seBKO863lVtYXFpeya/aa+sbm1uF7Z2aihLJsMoiEcmGRxUKHmJVcy2wEUukgSew7g0uM79+h1LxKLzRwxjbAe2F3OeMaiM1WnhvMpTdKRSdkjMGmSfulBTPP+yz+O3LrnQKn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNDSkAap2Ot53RA6M0iV+JE2FmozV3xMpDZQaBp7pDKjuq1kvE//zmon2T9spD+NEY8gmQX4iiI5IdjzpcolMi6EhlEludiWsTyVl2rwoe4I7e/I8qR2V3OPS8bVTLF/ABHnYg304BBdOoAxXUIEqMBDwAE/wbN1aj9aL9TppzVnTmV34A+v9Bzbckxg=</latexit>

9



STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

…nested ODE’s…linear at leading order.

M=
<latexit sha1_base64="y6Y30vWr28Ay3357T8MvyGgd04g=">AAACCnicbVC7TsMwFHXKq5RXgJEltEIqoqqSDoWxgoWxIPqQmlA5rtNadZzIdpCiKDMLI7/BwgBCrHwBW/8Gp+0ALUeydHTOvdf3HjekREjTnGi5ldW19Y38ZmFre2d3T98/aIsg4gi3UEAD3nWhwJQw3JJEUtwNOYa+S3HHHV9lfucBc0ECdifjEDs+HDLiEQSlkvr6cdmsWBWzYg8CKSrmqU2Y7UM5ct3kNr1Paizt6yWzak5hLBNrTkqNon32PGnEzb7+rYahyMdMIgqF6FlmKJ0EckkQxWnBjgQOIRrDIe4pyqCPhZNMT0mNE6UMDC/g6jFpTNXfHQn0hYh9V1Vma4pFLxP/83qR9C6chLAwkpih2UdeRA0ZGFkuxoBwjCSNFYGIE7WrgUaQQyRVegUVgrV48jJp16pWvVq/UWlcghny4AgUQRlY4Bw0wDVoghZA4BG8gDfwrj1pr9qH9jkrzWnznkPwB9rXD9CunCA=</latexit>

(0, 1, 0, . . . , 0) 2 R2nSM=
<latexit sha1_base64="D2PMLKbo7q49VGfKdYiTvXw+Xjg="></latexit>✓
4

3
,
2

3
,
40

27
,
2

9
· · ·

◆
2 R2n ,

Assuming time since BB,      exactly 2 rest points:
<latexit sha1_base64="lUvwJ7+G8gUeSe9hgdmw4ir45gs=">AAAB73icbVA9SwNBEJ2LX/H8ilraLAbBKtxZqI0YtLGMYD4gCWFvM5cs2ftwd08MR/6EjYUigpW/xN5G/DfuJSk08cHA470Z3sx4seBKO863lVtYXFpeya/aa+sbm1uF7Z2aihLJsMoiEcmGRxUKHmJVcy2wEUukgSew7g0uM79+h1LxKLzRwxjbAe2F3OeMaiM1WnhvMpTdKRSdkjMGmSfulBTPP+yz+O3LrnQKn61uxJIAQ80EVarpOrFup1RqzgSO7FaiMKZsQHvYNDSkAap2Ot53RA6M0iV+JE2FmozV3xMpDZQaBp7pDKjuq1kvE//zmon2T9spD+NEY8gmQX4iiI5IdjzpcolMi6EhlEludiWsTyVl2rwoe4I7e/I8qR2V3OPS8bVTLF/ABHnYg304BBdOoAxXUIEqMBDwAE/wbN1aj9aL9TppzVnTmV34A+v9Bzbckxg=</latexit>

9

Eigenvalues of M:
<latexit sha1_base64="2BHggzMZBQngdL/rsovr4G/Yn5g=">AAAB+HicbVC7SgNBFL3rM8ZHVgUbm8Eg2Bh2LaKNEGJjIyRgHpAsy+xkNhky+2BmVohLvsTGQhELG7/BL7Cz8VucTVJo4oGBwznncu8cL+ZMKsv6MpaWV1bX1nMb+c2t7Z2CubvXlFEiCG2QiEei7WFJOQtpQzHFaTsWFAcepy1veJX5rTsqJIvCWzWKqRPgfsh8RrDSkmsWulyHe9i9QZfo1M67ZtEqWROgRWLPSLFyUP9mb9WPmmt+dnsRSQIaKsKxlB3bipWTYqEY4XSc7yaSxpgMcZ92NA1xQKWTTg4fo2Ot9JAfCf1ChSbq74kUB1KOAk8nA6wGct7LxP+8TqL8CydlYZwoGpLpIj/hSEUoawH1mKBE8ZEmmAimb0VkgAUmSneVlWDPf3mRNM9KdrlUrus2qjBFDg7hCE7AhnOowDXUoAEEEniAJ3g27o1H48V4nUaXjNnMPvyB8f4DOzqVNw==</latexit>

�M = �1
<latexit sha1_base64="w4tImjUAtGDhbm/W14nznxlNA5k=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2Q4ISMYRdi2gjBG1shCh5QXZdZieTZMjsg5lZYVnyBzaCX2JjoYitrV3+xtkkhSZeuMzhnHuYe48bMiqkYYy1zNLyyupadj23sbm1vaPv7jVFEHFMGjhgAW+7SBBGfdKQVDLSDjlBnstIyx1epXrrgXBBA78u45DYHur7tEcxkopy9CNouQHrithTT3I3cm7gBSwaJbOUttUNpDi+r+ccvWCUjUnBRWDOQKGat06ex9W45ujfyosjj/gSMyRExzRCaSeIS4oZGeWsSJAQ4SHqk46CPvKIsJPJPSN4qJgu7AVctS/hhP3tSJAn0o3VpIfkQMxrKfmf1olk79xOqB9Gkvh4+lEvYlAGMA0HdiknWLJYAYQ5VbtCPEAcYakiTEMw509eBM3TslkpV25VGpdgWllwAPKgCExwBqrgGtRAA2DwCF7AG3jXnrRX7UP7nI5mtJlnH/wp7esH10ic+A==</latexit>

RM = (0, 1, 0, 1, . . . )T,



<latexit sha1_base64="2aj89Mcj357C4neYsM8d5r64xho=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwSrsRohphKiNZQTzgGwIs5PZZMjs7DIzK4RlGxt/xcZCEVt/Qey0sfUznE1SaOKBgcM553LnHjdkVCrL+jAyc/MLi0vZ5dzK6tr6hrm5VZdBJDCp4YAFoukiSRjlpKaoYqQZCoJ8l5GGO7hI/cYNEZIG/FoNQ9L2UY9Tj2KktNQx9x2mw13Uic94Ak+h4wmE4yJP4uMk1zHzVsEaAc4Se0LylfLX287n9261Y7473QBHPuEKMyRly7ZC1Y6RUBQzkuScSJIQ4QHqkZamHPlEtuPRFQk81EoXeoHQjys4Un9PxMiXcui7Oukj1ZfTXir+57Ui5ZXbMeVhpAjH40VexKAKYFoJ7FJBsGJDTRAWVP8V4j7SPShdXFqCPX3yLKkXC3apULrSbZyDMbJgDxyAI2CDE1ABl6AKagCDW3APHsGTcWc8GM/GyziaMSYz2+APjNcf0gqb6A==</latexit>

�An =
2n

3

<latexit sha1_base64="U7/hEIdQxVY84J/KZNeU4lJUgl0=">AAACCnicbVC7SgNBFJ2NrxhfqxYiNqNBiIVhN2JMI4TYWEYwD0hCmJ3MJkNmZ5eZWSEsW9v4KzYWitj6AWKnja2f4eRRaOKBgcM553LnHidgVCrL+jASc/MLi0vJ5dTK6tr6hrm5VZV+KDCpYJ/5ou4gSRjlpKKoYqQeCII8h5Ga078Y+rUbIiT1+bUaBKTloS6nLsVIaalt7jeZDndQOyrxGJ7DpisQjuw4OokzOX58epRqm2kra40AZ4k9Ieli4ett5/N7t9w235sdH4ce4QozJGXDtgLVipBQFDMSp5qhJAHCfdQlDU058ohsRaNTYniolQ50faEfV3Ck/p6IkCflwHN00kOqJ6e9ofif1wiVW2hFlAehIhyPF7khg8qHw15ghwqCFRtogrCg+q8Q95AuQ+n2hiXY0yfPkmoua+ez+SvdRgmMkQR74ABkgA3OQBFcgjKoAAxuwT14BE/GnfFgPBsv42jCmMxsgz8wXn8AG4ec/w==</latexit>

�Bn =
1

3
(2n� 5),

STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

Eigenvalues of SM: 



<latexit sha1_base64="2aj89Mcj357C4neYsM8d5r64xho=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwSrsRohphKiNZQTzgGwIs5PZZMjs7DIzK4RlGxt/xcZCEVt/Qey0sfUznE1SaOKBgcM553LnHjdkVCrL+jAyc/MLi0vZ5dzK6tr6hrm5VZdBJDCp4YAFoukiSRjlpKaoYqQZCoJ8l5GGO7hI/cYNEZIG/FoNQ9L2UY9Tj2KktNQx9x2mw13Uic94Ak+h4wmE4yJP4uMk1zHzVsEaAc4Se0LylfLX287n9261Y7473QBHPuEKMyRly7ZC1Y6RUBQzkuScSJIQ4QHqkZamHPlEtuPRFQk81EoXeoHQjys4Un9PxMiXcui7Oukj1ZfTXir+57Ui5ZXbMeVhpAjH40VexKAKYFoJ7FJBsGJDTRAWVP8V4j7SPShdXFqCPX3yLKkXC3apULrSbZyDMbJgDxyAI2CDE1ABl6AKagCDW3APHsGTcWc8GM/GyziaMSYz2+APjNcf0gqb6A==</latexit>

�An =
2n

3

<latexit sha1_base64="U7/hEIdQxVY84J/KZNeU4lJUgl0=">AAACCnicbVC7SgNBFJ2NrxhfqxYiNqNBiIVhN2JMI4TYWEYwD0hCmJ3MJkNmZ5eZWSEsW9v4KzYWitj6AWKnja2f4eRRaOKBgcM553LnHidgVCrL+jASc/MLi0vJ5dTK6tr6hrm5VZV+KDCpYJ/5ou4gSRjlpKKoYqQeCII8h5Ga078Y+rUbIiT1+bUaBKTloS6nLsVIaalt7jeZDndQOyrxGJ7DpisQjuw4OokzOX58epRqm2kra40AZ4k9Ieli4ett5/N7t9w235sdH4ce4QozJGXDtgLVipBQFDMSp5qhJAHCfdQlDU058ohsRaNTYniolQ50faEfV3Ck/p6IkCflwHN00kOqJ6e9ofif1wiVW2hFlAehIhyPF7khg8qHw15ghwqCFRtogrCg+q8Q95AuQ+n2hiXY0yfPkmoua+ez+SvdRgmMkQR74ABkgA3OQBFcgjKoAAxuwT14BE/GnfFgPBsv42jCmMxsgz8wXn8AG4ec/w==</latexit>

�Bn =
1

3
(2n� 5),

…distinct and both positive for             . 
<latexit sha1_base64="mRN8Lmsp0UYIdjX3P6tkwXdk+T8=">AAAB73icbVDJSgNBEK2JW4xbXG5eGoPgKcwoRI9BLx48RDALTELo6dQkTXp6Jt09Qgj5CS8eFPHqb/gJ3vwbO8tBEx8UPN6roqpekAiujet+O5mV1bX1jexmbmt7Z3cvv39Q03GqGFZZLGLVCKhGwSVWDTcCG4lCGgUC60H/ZuLXH1FpHssHM0ywFdGu5CFn1FipIZtdHJCLXDtfcIvuFGSZeHNSKB/dfVZU1q+081/NTszSCKVhgmrte25iWiOqDGcCx7lmqjGhrE+76FsqaYS6NZreOyanVumQMFa2pCFT9ffEiEZaD6PAdkbU9PSiNxH/8/zUhFetEZdJalCy2aIwFcTEZPI86XCFzIihJZQpbm8lrEcVZcZGNAnBW3x5mdTOi16pWLq3aVzDDFk4hhM4Aw8uoQy3UIEqMBDwBC/w6gycZ+fNeZ+1Zpz5zCH8gfPxA0YLkbw=</latexit>

n � 3

STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

Eigenvalues of SM: 



<latexit sha1_base64="2aj89Mcj357C4neYsM8d5r64xho=">AAACBXicbVC7SgNBFJ2NrxhfqxYiWgwGwSrsRohphKiNZQTzgGwIs5PZZMjs7DIzK4RlGxt/xcZCEVt/Qey0sfUznE1SaOKBgcM553LnHjdkVCrL+jAyc/MLi0vZ5dzK6tr6hrm5VZdBJDCp4YAFoukiSRjlpKaoYqQZCoJ8l5GGO7hI/cYNEZIG/FoNQ9L2UY9Tj2KktNQx9x2mw13Uic94Ak+h4wmE4yJP4uMk1zHzVsEaAc4Se0LylfLX287n9261Y7473QBHPuEKMyRly7ZC1Y6RUBQzkuScSJIQ4QHqkZamHPlEtuPRFQk81EoXeoHQjys4Un9PxMiXcui7Oukj1ZfTXir+57Ui5ZXbMeVhpAjH40VexKAKYFoJ7FJBsGJDTRAWVP8V4j7SPShdXFqCPX3yLKkXC3apULrSbZyDMbJgDxyAI2CDE1ABl6AKagCDW3APHsGTcWc8GM/GyziaMSYz2+APjNcf0gqb6A==</latexit>

�An =
2n

3

<latexit sha1_base64="U7/hEIdQxVY84J/KZNeU4lJUgl0=">AAACCnicbVC7SgNBFJ2NrxhfqxYiNqNBiIVhN2JMI4TYWEYwD0hCmJ3MJkNmZ5eZWSEsW9v4KzYWitj6AWKnja2f4eRRaOKBgcM553LnHidgVCrL+jASc/MLi0vJ5dTK6tr6hrm5VZV+KDCpYJ/5ou4gSRjlpKKoYqQeCII8h5Ga078Y+rUbIiT1+bUaBKTloS6nLsVIaalt7jeZDndQOyrxGJ7DpisQjuw4OokzOX58epRqm2kra40AZ4k9Ieli4ett5/N7t9w235sdH4ce4QozJGXDtgLVipBQFDMSp5qhJAHCfdQlDU058ohsRaNTYniolQ50faEfV3Ck/p6IkCflwHN00kOqJ6e9ofif1wiVW2hFlAehIhyPF7khg8qHw15ghwqCFRtogrCg+q8Q95AuQ+n2hiXY0yfPkmoua+ez+SvdRgmMkQR74ABkgA3OQBFcgjKoAAxuwT14BE/GnfFgPBsv42jCmMxsgz8wXn8AG4ec/w==</latexit>

�Bn =
1

3
(2n� 5),

…distinct and both positive for             . 
<latexit sha1_base64="mRN8Lmsp0UYIdjX3P6tkwXdk+T8=">AAAB73icbVDJSgNBEK2JW4xbXG5eGoPgKcwoRI9BLx48RDALTELo6dQkTXp6Jt09Qgj5CS8eFPHqb/gJ3vwbO8tBEx8UPN6roqpekAiujet+O5mV1bX1jexmbmt7Z3cvv39Q03GqGFZZLGLVCKhGwSVWDTcCG4lCGgUC60H/ZuLXH1FpHssHM0ywFdGu5CFn1FipIZtdHJCLXDtfcIvuFGSZeHNSKB/dfVZU1q+081/NTszSCKVhgmrte25iWiOqDGcCx7lmqjGhrE+76FsqaYS6NZreOyanVumQMFa2pCFT9ffEiEZaD6PAdkbU9PSiNxH/8/zUhFetEZdJalCy2aIwFcTEZPI86XCFzIihJZQpbm8lrEcVZcZGNAnBW3x5mdTOi16pWLq3aVzDDFk4hhM4Aw8uoQy3UIEqMBDwBC/w6gycZ+fNeZ+1Zpz5zCH8gfPxA0YLkbw=</latexit>

n � 3

STV-ODE (in general) 
<latexit sha1_base64="rijQZqM35eSdgRSomM49pTZabHI="></latexit>

d

d⌧
vn =

✓
(2n+ 1)(1� w0)� 1 �(2n+ 1)z2

� 1
2(2n+1) 2n(1� w0)� 1

◆
vn + qn

<latexit sha1_base64="BZ+Y1wcTIHTc8lZKfJpPOSGbOfs=">AAACPnicbVA9T8MwFHTKVwlfAUYWixapSFAlHYAFqYKFsUgUkNoqchyXWnXsYDtIVZRfxsJvYGNkYQAhVkactgOknGT5dPee3nsXxIwq7bovVmlufmFxqbxsr6yurW84m1vXSiQSkzYWTMjbACnCKCdtTTUjt7EkKAoYuQmG57l/80CkooJf6VFMehG647RPMdJG8p12tRsIFqpRZL70PvP5aVGopb8U+JD53kEXh0Krg6KR8kMv26/atu9U3Lo7Bpwl3pRUwBQt33nuhgInEeEaM6RUx3Nj3UuR1BQzktndRJEY4SG6Ix1DOYqI6qXj8zO4Z5QQ9oU0j2s4Vn93pChS+ZKmMkJ6oIpeLv7ndRLdP+mllMeJJhxPBvUTBrWAeZYwpJJgzUaGICyp2RXiAZIIa5N4HoJXPHmWXDfq3lH96LJRaZ5N4yiDHbALasADx6AJLkALtAEGj+AVvIMP68l6sz6tr0lpyZr2bIM/sL5/AF0KsEg=</latexit>

qn = qn(v1, · · · ,vn�1)

Eigenvalues of SM: 

…minimum positive eigenvalue              at n=3.
<latexit sha1_base64="Yyxsxme6h4w35s80jb2Aec3TH0M=">AAACAnicbVDLSsNAFJ3UV62vqAspboJFcFUSC7UbodSNCxcV7APaECaTSTt0MgkzE6GE4MZfceNCEbd+hLjTjVs/w0nrQlsPDBzOOZc797gRJUKa5ruWW1hcWl7JrxbW1jc2t/TtnbYIY45wC4U05F0XCkwJwy1JJMXdiGMYuBR33NFZ5neuMRckZFdyHGE7gANGfIKgVJKjF/sXKuxBJ2lU0tO+zyFKrDSppAVHL5llcwJjnlg/pFSvfb7ufXwVm47+1vdCFAeYSUShED3LjKSdQC4Jojgt9GOBI4hGcIB7ijIYYGEnkxNS41ApnuGHXD0mjYn6eyKBgRDjwFXJAMqhmPUy8T+vF0u/ZieERbHEDE0X+TE1ZGhkfRge4RhJOlYEIk7UXw00hKoGqVrLSrBmT54n7eOyVS1XL1UbDTBFHuyDA3AELHAC6uAcNEELIHAD7sADeNRutXvtSXueRnPaz8wu+APt5Ruzi5rB</latexit>

⇤B3 =
1

3



Results



The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>
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<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>
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<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>
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<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>
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Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>
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The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>
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<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>
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<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>
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<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>
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Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>
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The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>
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<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>
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<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>
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<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>
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<latexit sha1_base64="SSbiXVI98VVKk5E4MCbXFr5Y/A8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+kXUo2zbahSXZJskIt/RVePCji1Z/jzX9jdrsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP6nUeqNIvkvZnG1Bd4JFnICDZWenga1EoZBuWKW3UzoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2/gwrwwin81I/0TTGZIJHtGepxIJqf5YdPEdnVhmiMFK2pEGZ+ntihoXWUxHYToHNWC97qfif10tMeOXPmIwTQyVZLAoTjkyE0u/RkClKDJ9agoli9lZExlhhYmxGaQje8surpF2revVq/e6i0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A1M3jiY=</latexit>z2<latexit sha1_base64="nJzBXgSNOyRDiD8IWVDJvScpJYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VUj0WvXisYD+kXUo2TdvQJLskWaEs/RVePCji1Z/jzX9jdrsHrT4YeLw3w8y8IOJMG9f9cgorq2vrG8XN0tb2zu5eef+grcNYEdoiIQ9VN8CaciZpyzDDaTdSFIuA004wvUn9ziNVmoXy3swi6gs8lmzECDZWeqidXZQyDMoVt+pmQH+Jl5MK5GgOyp/9YUhiQaUhHGvd89zI+AlWhhFO56V+rGmEyRSPac9SiQXVfpIdPEcnVhmiUahsSYMy9edEgoXWMxHYToHNRC97qfif14vN6MpPmIxiQyVZLBrFHJkQpd+jIVOUGD6zBBPF7K2ITLDCxNiM0hC85Zf/kvZ51atX63e1SuM6j6MIR3AMp+DBJTTgFprQAgICnuAFXh3lPDtvzvuiteDkM4fwC87HN55ajbE=</latexit>

4/3

<latexit sha1_base64="VAL+vOF4AfFI/F4fLyoXvZ3nrkA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtVqseiF48V7Ie0S8mm2TY0yS5JViilv8KLB0W8+nO8+W/MbvegrQ8GHu/NMDMviDnTxnW/nZXVtfWNzcJWcXtnd2+/dHDY0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY36Z++4kqzSL5YCYx9QUeShYygo2VHqvnF8UM/VLZrbgZ0DLxclKGHI1+6as3iEgiqDSEY627nhsbf4qVYYTTWbGXaBpjMsZD2rVUYkG1P80OnqFTqwxQGClb0qBM/T0xxULriQhsp8BmpBe9VPzP6yYmvPanTMaJoZLMF4UJRyZC6fdowBQlhk8swUQxeysiI6wwMTajNARv8eVl0qpWvFqldn9Zrt/kcRTgGE7gDDy4gjrcQQOaQEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A5tCja8=</latexit>

2/3

<latexit sha1_base64="0D/9hh2q5T4nuxwZP7oYXmqkS5c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jJs1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT28zvPnJtRKwecJZwP6JjJULBKFqp61VyDKs1t+7mIH+JV5AaFGgNq5+DUczSiCtkkhrT99wE/TnVKJjki8ogNTyhbErHvG+pohE3/jw/d0HOrDIiYaxtKSS5+nNiTiNjZlFgOyOKE7PqZeJ/Xj/F8NqfC5WkyBVbLgpTSTAm2e9kJDRnKGeWUKaFvZWwCdWUoU0oC8Fbffkv6VzUvUa9cX9Za94UcZThBE7hHDy4gibcQQvawGAKT/ACr07iPDtvzvuyteQUM8fwC87HN7hgjTg=</latexit>

1 M k<0 Friedmann

SM

U

Time
Since

Big Bang

Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

FThe family      characterizes ALL solutions of the 
STV-PDE under-dense wrt k=0 Friedmann. 

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

FThe family      characterizes ALL solutions of the 
STV-PDE under-dense wrt k=0 Friedmann. 

…so a spacetime in       traverses the trajectory 
connecting SM to M in STV-ODE of order n=1.

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

The Family 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

<latexit sha1_base64="9+Zep4BeYo11dmSXB6glJHD66SU=">AAAB7XicbVC5TgMxEJ0NVwhXODoaiwiJKtpNESgjaCgogkQOabOKvI43MfHai+1Filb5BxoKEKLlP/gEOv4G5ygg4UkjPb03o5l5YcKZNq777eRWVtfWN/Kbha3tnd294v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSscXk381iNVmklxZ0YJDWLcFyxiBBsrNUWnTx8q3WLJLbtToGXizUmpdnTzWVd5v94tfnV6kqQxFYZwrLXvuYkJMqwMI5yOC51U0wSTIe5T31KBY6qDbHrtGJ1apYciqWwJg6bq74kMx1qP4tB2xtgM9KI3Ef/z/NREF0HGRJIaKshsUZRyZCSavI56TFFi+MgSTBSztyIywAoTYwMq2BC8xZeXSbNS9qrl6q1N4xJmyMMxnMAZeHAONbiGOjSAwD08wQu8OtJ5dt6c91lrzpnPHMIfOB8/tnGRfQ==</latexit>

n � 2initial conditions for STV-ODE at orders          .

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

FSolutions in      which agree at n=1, differ by 

Definition:   Let       denote the family of smooth 
solutions of the STV-PDE which agree with a k<0 
Friedmann spacetime at leading order n=1…

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



Results: 



Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

- All eigenvalues of SM are positive for          !       
<latexit sha1_base64="mpgrWmdZ1nSwpDzk36ogBslnJcw=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+YyCMBQmaHXhiZnV1nZk3Ihn/w4kFjvPo/3vwbB9iDgpV0UqnqTneXHwuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3n1BpHsl7M46xG9KB5AFn1FipITsDfDzvFUtu2Z2BLBMvIyXIUOsVvzr9iCUhSsME1brtubHpplQZzgROCp1EY0zZiA6wbamkIepuOrt2Qk6s0idBpGxJQ2bq74mUhlqPQ992htQM9aI3Ff/z2okJrropl3FiULL5oiARxERk+jrpc4XMiLEllClubyVsSBVlxgZUsCF4iy8vk8ZZ2auUK3cXpep1FkcejuAYTsGDS6jCLdSgDgwe4Ble4c2JnBfn3fmYt+acbOYQ/sD5/AFSnY77</latexit>

n � 3



Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

-Thus: 



-Thus:  the phase portrait of the STV-ODE      
of order n>2 agrees qualitatively with n=2.

Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

of order n>2 agrees qualitatively with n=2.

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

-Thus:  the phase portrait of the STV-ODE      



Results: 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

- At          , k<0 Friedmann is the eigen-trajectory 
of the leading order eigenvalue of SM in       .

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

<latexit sha1_base64="W6wG5rJg5jVlMoHSnPPU1K/O9sU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIzHxRHaJQY9ELx4xkUcCGzI7NDAyO7POzJqQDf/gxYPGePV/vPk3DrAHBSvppFLVne6uMOZMG8/7dnJr6xubW/ntws7u3v5B8fCoqWWiKDao5FK1Q6KRM4ENwwzHdqyQRCHHVji+mfmtJ1SaSXFvJjEGERkKNmCUGCs1RXeIj5VeseSVvTncVeJnpAQZ6r3iV7cvaRKhMJQTrTu+F5sgJcowynFa6CYaY0LHZIgdSwWJUAfp/Nqpe2aVvjuQypYw7lz9PZGSSOtJFNrOiJiRXvZm4n9eJzGDqyBlIk4MCrpYNEi4a6Q7e93tM4XU8IklhCpmb3XpiChCjQ2oYEPwl19eJc1K2a+Wq3cXpdp1FkceTuAUzsGHS6jBLdShARQe4Ble4c2Rzovz7nwsWnNONnMMf+B8/gBRGY76</latexit>

n � 2

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

- At          , k<0 Friedmann is the eigen-trajectory 
of the leading order eigenvalue of SM in       .

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

<latexit sha1_base64="W6wG5rJg5jVlMoHSnPPU1K/O9sU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIzHxRHaJQY9ELx4xkUcCGzI7NDAyO7POzJqQDf/gxYPGePV/vPk3DrAHBSvppFLVne6uMOZMG8/7dnJr6xubW/ntws7u3v5B8fCoqWWiKDao5FK1Q6KRM4ENwwzHdqyQRCHHVji+mfmtJ1SaSXFvJjEGERkKNmCUGCs1RXeIj5VeseSVvTncVeJnpAQZ6r3iV7cvaRKhMJQTrTu+F5sgJcowynFa6CYaY0LHZIgdSwWJUAfp/Nqpe2aVvjuQypYw7lz9PZGSSOtJFNrOiJiRXvZm4n9eJzGDqyBlIk4MCrpYNEi4a6Q7e93tM4XU8IklhCpmb3XpiChCjQ2oYEPwl19eJc1K2a+Wq3cXpdp1FkceTuAUzsGHS6jBLdShARQe4Ble4c2Rzovz7nwsWnNONnMMf+B8/gBRGY76</latexit>

n � 2



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

-     a second Eigen-direction in       at order n=2…    
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>

9 <latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

-     +2 new Eigen-directions in       at each           .    
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>

9 <latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1
<latexit sha1_base64="W6wG5rJg5jVlMoHSnPPU1K/O9sU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIzHxRHaJQY9ELx4xkUcCGzI7NDAyO7POzJqQDf/gxYPGePV/vPk3DrAHBSvppFLVne6uMOZMG8/7dnJr6xubW/ntws7u3v5B8fCoqWWiKDao5FK1Q6KRM4ENwwzHdqyQRCHHVji+mfmtJ1SaSXFvJjEGERkKNmCUGCs1RXeIj5VeseSVvTncVeJnpAQZ6r3iV7cvaRKhMJQTrTu+F5sgJcowynFa6CYaY0LHZIgdSwWJUAfp/Nqpe2aVvjuQypYw7lz9PZGSSOtJFNrOiJiRXvZm4n9eJzGDqyBlIk4MCrpYNEi4a6Q7e93tM4XU8IklhCpmb3XpiChCjQ2oYEPwl19eJc1K2a+Wq3cXpdp1FkceTuAUzsGHS6jBLdShARQe4Ble4c2Rzovz7nwsWnNONnMMf+B8/gBRGY76</latexit>

n � 2



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

- Solutions in the unstable manifold of SM at order 
n=2, are in the unstable manifold of SM for all n>2. 

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

-          :  “Same picture’’ except more directions
to perturb k<0 Friedmann within       .

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1
<latexit sha1_base64="W6wG5rJg5jVlMoHSnPPU1K/O9sU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIzHxRHaJQY9ELx4xkUcCGzI7NDAyO7POzJqQDf/gxYPGePV/vPk3DrAHBSvppFLVne6uMOZMG8/7dnJr6xubW/ntws7u3v5B8fCoqWWiKDao5FK1Q6KRM4ENwwzHdqyQRCHHVji+mfmtJ1SaSXFvJjEGERkKNmCUGCs1RXeIj5VeseSVvTncVeJnpAQZ6r3iV7cvaRKhMJQTrTu+F5sgJcowynFa6CYaY0LHZIgdSwWJUAfp/Nqpe2aVvjuQypYw7lz9PZGSSOtJFNrOiJiRXvZm4n9eJzGDqyBlIk4MCrpYNEi4a6Q7e93tM4XU8IklhCpmb3XpiChCjQ2oYEPwl19eJc1K2a+Wq3cXpdp1FkceTuAUzsGHS6jBLdShARQe4Ble4c2Rzovz7nwsWnNONnMMf+B8/gBRGY76</latexit>

n � 2
<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�



Results: 

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="l0dRAP3R+CGD8Q+ndRK0IvV4OEo=">AAAB8nicbVDLSgNBEJz1GeMr6lEPg0EQhLArEgUvQS8eI5oHbtYwOztJhsxjmZkVwpJv8OTFgyJe8zXe/Btnkxw0saChqOqmuyuMGdXGdb+dhcWl5ZXV3Fp+fWNza7uws1vXMlGY1LBkUjVDpAmjgtQMNYw0Y0UQDxlphP3rzG88EaWpFPdmEJOAo66gHYqRsZLfuqNdjtpnjyf5dqHoltwx4DzxpqRYKT5fRg8Ho2q78NWKJE44EQYzpLXvubEJUqQMxYwM861EkxjhPuoS31KBONFBOj55CI+sEsGOVLaEgWP190SKuNYDHtpOjkxPz3qZ+J/nJ6ZzEaRUxIkhAk8WdRIGjYTZ/zCiimDDBpYgrKi9FeIeUggbm1IWgjf78jypn5a8cql8a9O4AhPkwD44BMfAA+egAm5AFdQABhK8gDfw7hjn1flwPietC850Zg/8gTP6AZORkxU=</latexit>

⌃+
4

<latexit sha1_base64="2IbHFiyS9OH9DsqouzbyI14spa4=">AAAB8nicbVC7SgNBFJ2NrxhfUUstBoMgCGE3RRRsgjaWEc0DN2uYnZ1NhsxjmZkVQsg3WNlYKGKbr7Hzb5xNUmj0wIXDOfdy7z1hwqg2rvvl5JaWV1bX8uuFjc2t7Z3i7l5Ty1Rh0sCSSdUOkSaMCtIw1DDSThRBPGSkFQ6uMr/1SJSmUtyZYUICjnqCxhQjYyW/c0t7HHUrD6eFbrHklt0p4F/izUmpVnq6iO4PJ/Vu8bMTSZxyIgxmSGvfcxMTjJAyFDMyLnRSTRKEB6hHfEsF4kQHo+nJY3hslQjGUtkSBk7VnxMjxLUe8tB2cmT6etHLxP88PzXxeTCiIkkNEXi2KE4ZNBJm/8OIKoING1qCsKL2Voj7SCFsbEpZCN7iy39Js1L2quXqjU3jEsyQBwfgCJwAD5yBGrgGddAAGEjwDF7Bm2OcF+fd+Zi15pz5zD74BWfyDZCDkxM=</latexit>

⌃+
2

z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

=

manifold of SM

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
 side of the unstable

“under-dense”

<latexit sha1_base64="+Cf5LjDY9Gbiz5/+B3tX7WP9BH0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQu1J1FQVxWsA9oQplMJ+3QySTM3Agh1F9x40IRt36IOz/FnZO2C209MHA4517umRMkgmtwnC+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfi68DsPTGkey3vIEuZHZCh5yCkBI/XtqqfTQDPIvYjAiBKBbyZ9u+bUnSnwMnHnpHb5HU7R7Nuf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s+n4Sf42CgDHMbKPAl4qv7eyEmkdRYFZrKIqBe9QvzP66UQXvg5l0kKTNLZoTAVGGJcNIEHXDEKIjOEUMVNVkxHRBEKpq+KKcFd/PIyaZ/W3bP62Z1Ta1yhGcroEB2hE+Sic9RAt6iJWoiiDD2hF/RqPVrP1pv1PhstWfOdKvoD6+MHzzuYkg==</latexit>

⇢ F

- Conclude:  k<0 Friedmann is unstable to
perturbation in         at every order           ! 

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

<latexit sha1_base64="W6wG5rJg5jVlMoHSnPPU1K/O9sU=">AAAB7XicbVDLTgJBEOzFF+IL9ehlIzHxRHaJQY9ELx4xkUcCGzI7NDAyO7POzJqQDf/gxYPGePV/vPk3DrAHBSvppFLVne6uMOZMG8/7dnJr6xubW/ntws7u3v5B8fCoqWWiKDao5FK1Q6KRM4ENwwzHdqyQRCHHVji+mfmtJ1SaSXFvJjEGERkKNmCUGCs1RXeIj5VeseSVvTncVeJnpAQZ6r3iV7cvaRKhMJQTrTu+F5sgJcowynFa6CYaY0LHZIgdSwWJUAfp/Nqpe2aVvjuQypYw7lz9PZGSSOtJFNrOiJiRXvZm4n9eJzGDqyBlIk4MCrpYNEi4a6Q7e93tM4XU8IklhCpmb3XpiChCjQ2oYEPwl19eJc1K2a+Wq3cXpdp1FkceTuAUzsGHS6jBLdShARQe4Ble4c2Rzovz7nwsWnNONnMMf+B8/gBRGY76</latexit>

n � 2



Results: 

- In general…

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

- In general…assuming time since the Big Bang…

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

- In general…assuming time since the Big Bang…

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

       is a 2n-3 dimensional space of unstable
<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

trajectories…



Results: 

- In general…assuming time since the Big Bang…

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

       is a 2n-3 dimensional space of unstable
<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

trajectories…only one of which is k<0 Friedmann!



Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 

- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1



Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

- The canonical phase portrait of saddle rest point:

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.



z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9

SM

M

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.

- The canonical phase portrait of saddle rest point:



z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9

SM

M

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

- So it suffices to characterize the instability of k<0
<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�Friedmann within the unstable manifold       of SM.

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.



z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9

SM

M

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.

Theorem:  Solutions in        do NOT generically
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
 tend to SM in backward time            .

<latexit sha1_base64="B2IvuKKNzDFsNOWg5FC2nuG67FM=">AAAB7HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFpC+1QMmmmDc0kQ3JGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnCgV3IDnfTuFpeWV1bXiuruxubW9U9rdqxuVacoCqoTSzYgYJrhkAXAQrJlqRpJIsEY0uB7njXumDVfyDoYpCxPSkzzmlIC1AmiD8jqlslfxJsKL4M+gfPnhXqRvX26tU/psdxXNEiaBCmJMy/dSCHOigVPBRm47MywldEB6rGVRkoSZMJ8MO8JH1uniWGn7JOCJ+7sjJ4kxwySylQmBvpnPxuZ/WSuD+DzMuUwzYJJOP4ozgUHh8ea4yzWjIIYWCNXczoppn2hCwd7HtUfw51dehPpJxT+tnN565eoVmqqIDtAhOkY+OkNVdINqKEAUcfSAntCzI51H58V5nZYWnFnPPvoj5/0HB5GR1w==</latexit>

t ! 0



z2

w0
<latexit sha1_base64="QSixFGitsJuMCKePesWUfqJSS8c=">AAAB8HicbVDLSgNBEOyNrxhfUY9elgQhooTdgOhFCHrxIkQwD0mWMDuZTYbMzC4zs8Ky5Cv04EERr36Ot/yNk8dBEwsaiqpuurv8iFGlHWdsZVZW19Y3spu5re2d3b38/kFDhbHEpI5DFsqWjxRhVJC6ppqRViQJ4j4jTX94M/GbT0QqGooHnUTE46gvaEAx0kZ6vOtWrkrOmXvSzRedsjOFvUzcOSlWC53Tl3E1qXXz351eiGNOhMYMKdV2nUh7KZKaYkZGuU6sSITwEPVJ21CBOFFeOj14ZB8bpWcHoTQltD1Vf0+kiCuVcN90cqQHatGbiP957VgHl15KRRRrIvBsURAzW4f25Hu7RyXBmiWGICypudXGAyQR1iajnAnBXXx5mTQqZfe87NybNK5hhiwcQQFK4MIFVOEWalAHDBye4Q3eLWm9Wh/W56w1Y81nDuEPrK8femOR3A==</latexit>

M2 = (0, 1)

<latexit sha1_base64="c3wg95jJSuK2Zn1KCbIQpQsB25o=">AAAB8HicbVBNSwMxEM3Wr1q/qh69hBahopRsQfQiFL14rOC2lXYp2TTbhibZJckKy9JfoQcPinj153jrvzFtPWjrg4HHezPMzAtizrRBaOLkVlbX1jfym4Wt7Z3dveL+QVNHiSLUIxGPVDvAmnImqWeY4bQdK4pFwGkrGN1M/dYjVZpF8t6kMfUFHkgWMoKNlR68Xu2qgs7QSa9YRlU0A1wm7g8p10vd0+dJPW30il/dfkQSQaUhHGvdcVFs/Awrwwin40I30TTGZIQHtGOpxIJqP5sdPIbHVunDMFK2pIEz9fdEhoXWqQhsp8BmqBe9qfif10lMeOlnTMaJoZLMF4UJhyaC0+9hnylKDE8twUQxeyskQ6wwMTajgg3BXXx5mTRrVfe8iu5sGtdgjjw4AiVQAS64AHVwCxrAAwQI8ARewZujnBfn3fmYt+acn5lD8AfO5zeFPpHj</latexit>

U2 = (0, 0)

<latexit sha1_base64="FiY15ZK8FoUFkjOVMaXaWgQBy0s="></latexit>

SM4 =

✓
4

3
,
2

3
,
40

27
,
2

9

◆

<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2
<latexit sha1_base64="lCFId/FEIBOvGYG6AokIllQThqE=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuQLQMsbFM0DwgWcLsZDYZMjO7zMwqYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77wlizrRx3S8ns7K6tr6R3cxtbe/s7uX3Dxo6ShShdRLxSLUCrClnktYNM5y2YkWxCDhtBsOrid+8o0qzSN6aUUx9gfuShYxgY6Wb+26pmy+4RXcKtEy8OSmUj2rf7L3yUe3mPzu9iCSCSkM41rrtubHxU6wMI5yOc51E0xiTIe7TtqUSC6r9dHrqGJ1apYfCSNmSBk3V3xMpFlqPRGA7BTYDvehNxP+8dmLCSz9lMk4MlWS2KEw4MhGa/I16TFFi+MgSTBSztyIywAoTY9PJ2RC8xZeXSaNU9M6Lbs2mUYEZsnAMJ3AGHlxAGa6hCnUg0IcHeIJnhzuPzovzOmvNOPOZQ/gD5+0H65mRQQ==</latexit>w2

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="enqxbeflhytZLOhaZSdLfCOOpQk=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuKFqG2FgmaB6QLGF2MpsMmZ1ZZmaFuOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wQxZ9q47peTWVpeWV3Lruc2Nre2d/K7e3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA19ht3VGkmxa0ZxtSPcE+wkBFsrHRz3znr5Atu0Z0ALRJvRgqlg+o3ey9/VDr5z3ZXkiSiwhCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanAEdV+Ojl1hI6t0kWhVLaEQRP190SKI62HUWA7I2z6et4bi/95rcSEl37KRJwYKsh0UZhwZCQa/426TFFi+NASTBSztyLSxwoTY9PJ2RC8+ZcXSf206J0X3apNowxTZOEQjuAEPLiAElxDBWpAoAcP8ATPDncenRfnddqacWYz+/AHztsP8zORRg==</latexit>z4

<latexit sha1_base64="r7VvizZS8OFkOmGyeWW2v2ni9qY=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgNiIKXoBePEc2DJGuYnZ0kQ2Zml5lZISz5Bi9ePCjiVb/Gm3/j5HHQxIKGoqqb7q4g5kwb1/12FhaXlldWM2vZ9Y3Nre3czm5VR4kitEIiHql6gDXlTNKKYYbTeqwoFgGntaB/NfJrD1RpFsk7M4ipL3BXsg4j2Fip0bplXYHbxfuTdi7vFtwx0DzxpiRfyj9ehI2Dz3I799UKI5IIKg3hWOum58bGT7EyjHA6zLYSTWNM+rhLm5ZKLKj20/HFQ3RklRB1ImVLGjRWf0+kWGg9EIHtFNj09Kw3Ev/zmonpnPspk3FiqCSTRZ2EIxOh0fsoZIoSwweWYKKYvRWRHlaYGBtS1obgzb48T6rFgndacG9sGpcwQQb24RCOwYMzKME1lKECBCQ8wQu8Otp5dt6c90nrgjOd2YM/cD5+AFnGkvo=</latexit>

⌃�
2

<latexit sha1_base64="ZzTBaJ319YJKcjapYqpW0ctuxQc=">AAAB8XicbVDLSgNBEOz1GeMr6lEPg0HwYtgVRcFL0IvHiOZBkjXMzs4mQ2Zml5lZIYR8gxcvHhTxql/jzb9x8jhoYkFDUdVNd1eQcKaN6347c/MLi0vLmZXs6tr6xmZua7ui41QRWiYxj1UtwJpyJmnZMMNpLVEUi4DTatC9GvrVB6o0i+Wd6SXUF7gtWcQINlaqN29ZW+DWyf1RK5d3C+4IaJZ4E5Iv5h8vwvreZ6mV+2qGMUkFlYZwrHXDcxPj97EyjHA6yDZTTRNMurhNG5ZKLKj2+6OLB+jAKiGKYmVLGjRSf0/0sdC6JwLbKbDp6GlvKP7nNVITnft9JpPUUEnGi6KUIxOj4fsoZIoSw3uWYKKYvRWRDlaYGBtS1obgTb88SyrHBe+04N7YNC5hjAzswj4cggdnUIRrKEEZCEh4ghd4dbTz7Lw57+PWOWcyswN/4Hz8AFzSkvw=</latexit>

⌃�
4

z2

=   (0,0,-10,1)

=(9,-3/2,10/3,1)

=(9,-3/2)

<latexit sha1_base64="/4np3ijYojBH83NfnAIqjbiCnLI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWNcskAyhJ5OTdKkp2fo7hHCkE/w4kERr36RN//GTjIHjT4oeLxXRVW9IBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/q532itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7r7q3Z5XaVR5HEQ7gEI7BgwuowQ3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4B1heNgA==</latexit>

R3

<latexit sha1_base64="qrMKQOuoe2zVuWXjfyMDT/PpSHo=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKFaQktaLLohuXFewFmlAm00k7dDIJMydCCX0BN76KGxeKuHXvzrdx0mah1R8GPv5zDmfO78ecKbDtL6OwtLyyulZcL21sbm3vmLt7bRUlktAWiXgkuz5WlDNBW8CA024sKQ59Tjv++Dqrd+6pVCwSdzCJqRfioWABIxi01TePXE4DqLiBxCStT9Oz6emcaxm7kg1HcNI3y3bVnsn6C04OZZSr2Tc/3UFEkpAKIBwr1XPsGLwUS2CE02nJTRSNMRnjIe1pFDikyktn10ytY+0MrCCS+gmwZu7PiRSHSk1CX3eGGEZqsZaZ/9V6CQSXXspEnAAVZL4oSLgFkZVFYw2YpAT4RAMmkum/WmSEdRigAyzpEJzFk/9Cu1Z1zqv2bb3cuMrjKKIDdIgqyEEXqIFuUBO1EEEP6Am9oFfj0Xg23oz3eWvByGf20S8ZH99Iypux</latexit>✓
4

3
,
2

3

◆
<latexit sha1_base64="ELBak+WIcL8wMfkHCLJDng0YW/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktFj0WvXgRKtoPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxkfueJKs0i+WimMfUFHkkWMoJNJj3cDWqDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6+69xeVxnUeRxFO4BTOwYNLaMAtNKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/AHCxjdc=</latexit>

SM2
<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=

<latexit sha1_base64="20mTPWWtbMf1gz4TQ1TuVqzqjL0=">AAAB+HicbVBNSwMxEM3Wr1o/WvXoJdgKnspuQfTgoSiIxwr2A9qlZLOzbWiSXZKsUEt/iRcPinj1p3jz35i2e9DWBwOP92aYmRcknGnjut9Obm19Y3Mrv13Y2d3bL5YODls6ThWFJo15rDoB0cCZhKZhhkMnUUBEwKEdjG5mfvsRlGaxfDDjBHxBBpJFjBJjpX6pWBlduRV8qxiEgkirlN2qOwdeJV5GyihDo1/66oUxTQVIQznRuuu5ifEnRBlGOUwLvVRDQuiIDKBrqSQCtD+ZHz7Fp1YJcRQrW9Lgufp7YkKE1mMR2E5BzFAvezPxP6+bmujSnzCZpAYkXSyKUo5NjGcp4JApoIaPLSFUMXsrpkOiCDU2q4INwVt+eZW0alXvvOre18r16yyOPDpGJ+gMeegC1dEdaqAmoihFz+gVvTlPzovz7nwsWnNONnOE/sD5/AEa45IW</latexit>

k < 0 Friedmann

<latexit sha1_base64="w52sAkDA9d/PjM50uH0P11yBmpo=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGIGEKPKHoRgl68CBHMAskQejqdpEnPYndPYBjyF4IXD4p49WO85W/sLAdNfFDweK+KqnpuKLjSGI+t1Mrq2vpGejOztb2zu5fdP6ipIJKUVWkgAtlwiWKC+6yquRasEUpGPFewuju4nfj1IZOKB/6jjkPmeKTn8y6nRBvJuW+fXxdw0S7iIj5pZ/O4hKdAy8Sek3w51zp9HpfjSjv73eoENPKYr6kgSjVtHGonIVJzKtgo04oUCwkdkB5rGuoTjyknmR49QsdG6aBuIE35Gk3V3xMJ8ZSKPdd0ekT31aI3Ef/zmpHuXjkJ98NIM5/OFnUjgXSAJgmgDpeMahEbQqjk5lZE+0QSqk1OGROCvfjyMqmdleyLEn4wadzADGk4ghwUwIZLKMMdVKAKFJ7gBd7g3Rpar9aH9TlrTVnzmUP4A+vrBzFhkr4=</latexit>

M4 = (0, 1, 0, 0)

<latexit sha1_base64="y5liaBR9/GqupXAzGL1+f2iJtOA=">AAAB7HicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7gGgjhNhYJuAlgeQIe5u9ZMne3rG7J8Qjv8HGQhFbO/+Fv8DOxt/i5pJCEx8MPN6bYWaeH3OmtG1/WbmV1bX1jfxmYWt7Z3evuH/QVFEiCXVJxCPZ9rGinAnqaqY5bceS4tDntOWPrqd+645KxSJxq8cx9UI8ECxgBGsjufe9ypXdK5bssp0BLRNnTkrVo8Y3e6991HvFz24/IklIhSYcK9Vx7Fh7KZaaEU4nhW6iaIzJCA9ox1CBQ6q8NDt2gk6N0kdBJE0JjTL190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKshsUZBwpCM0/Rz1maRE87EhmEhmbkVkiCUm2uRTMCE4iy8vk2al7JyX7YZJowYz5OEYTuAMHLiAKtxAHVwgwOABnuDZEtaj9WK9zlpz1nzmEP7AevsB4ZORxQ==</latexit>

z2 = 0
<latexit sha1_base64="UAgfPehGW7VinIj4bGDVmTa5GSY=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgRBEOJuouhFCHrxGME8IFnC7GQ2GTI7u8zMCuuSjxDEgyJe/R5v+Rsnj4MmFjQUVd10d3kRZ0rb9tjKrKyurW9kN3Nb2zu7e/n9g4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHtxG8+UqlYKB50ElE3wH3BfEawNlLzqVu+Pj+rdPNFu2RPgZaJMyfFaqFz+jKuJrVu/rvTC0kcUKEJx0q1HTvSboqlZoTTUa4TKxphMsR92jZU4IAqN52eO0LHRukhP5SmhEZT9fdEigOlksAznQHWA7XoTcT/vHas/Ss3ZSKKNRVktsiPOdIhmvyOekxSonliCCaSmVsRGWCJiTYJ5UwIzuLLy6RRLjkXJfvepHEDM2ThCApwAg5cQhXuoAZ1IDCEZ3iDdyuyXq0P63PWmrHmM4fwB9bXDwVLka0=</latexit>

z2 = 4/3

<latexit sha1_base64="vCEq3rz1F1qL1o+WhbDjYI05OhI=">AAACAXicbVBNSwMxEJ31s9avqhfBS7AInspuQfRYVMRjBfsB7VKy2ew2NMkuSVYopV78K148KOLVf+HNf2Pa7kFbHww83pthZl6QcqaN6347S8srq2vrhY3i5tb2zm5pb7+pk0wR2iAJT1Q7wJpyJmnDMMNpO1UUi4DTVjC4mvitB6o0S+S9GabUFziWLGIEGyv1SofXzNoxkzGKVCLQjWI0FFhaq+xW3CnQIvFyUoYc9V7pqxsmJBNUGsKx1h3PTY0/wsowwum42M00TTEZ4Jh2LJVYUO2Pph+M0YlVQhQlypY0aKr+nhhhofVQBLZTYNPX895E/M/rZCa68EdMppmhkswWRRlHJkGTOFDIFCWGDy3BRDF7KyJ9rDAxNrSiDcGbf3mRNKsV76zi3lXLtcs8jgIcwTGcggfnUINbqEMDCDzCM7zCm/PkvDjvzsesdcnJZw7gD5zPH0TylsQ=</latexit>

Diverging from Friedmann

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="xwuR/Wqme/Pq7XZeSpsYbXuGRIY=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBiyURRY9FLx6r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZRWVtfWN8qbla3tnd09d/+gpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs399hNVmsXy0UwSGgg8lCxiBJtcOnvo+3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec2/rHn3F9X6TRFHGY7gGE7Bhyuowx00oAkERvAMr/DmCOfFeXc+5q0lp5g5hD9wPn8APMGNtQ==</latexit>�R1

<latexit sha1_base64="jlJhzuHRHSycwMDmA94XvuXQARo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXLJkd+/Y3RNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdd1LZLVf8qj8DWSZBTiqQo94tf3V6CcskKssENaYd+KkNx1RbzgROSp3MYErZkPax7aiiEk04np06ISdO6ZE40a6UJTP198SYSmNGMnKdktqBWfSm4n9eO7PxVTjmKs0sKjZfFGeC2IRM/yY9rpFZMXKEMs3drYQNqKbMunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnCe/HevY95a8HLZw7hD7zPH1cfjdU=</latexit>±

<latexit sha1_base64="G8w61Hv15BxSTIpIy03QFzzsNYQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJtgKbiwzBdFl0Y0bsVL7gHYcMmmmDU0yQ5IRylDc+CtuXCji1q9w59+YtrPQ6oELh3Pu5d57gphRpR3ny8otLC4tr+RXC2vrG5tb9vZOU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDHxW/dEKhqJWz2KicdRX9CQYqSN5Nt71zKgWkEqYKlbp32O/LR+Nb47Lvl20Sk7U8C/xM1IEWSo+fZntxfhhBOhMUNKdVwn1l6KpKaYkXGhmygSIzxEfdIxVCBOlJdOXxjDQ6P0YBhJU0LDqfpzIkVcqREPTCdHeqDmvYn4n9dJdHjmpVTEiSYCzxaFCYM6gpM8YI9KgjUbGYKwpOZWiAdIIqxNagUTgjv/8l/SrJTdk7JzUylWz7M48mAfHIAj4IJTUAWXoAYaAIMH8ARewKv1aD1bb9b7rDVnZTO74Besj2+hXpZI</latexit>

Orbits in ⌃
�
SM

<latexit sha1_base64="8eLgOlsUCJri00oydCjgvN3rBQA=">AAAB63icbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFMwDwgWcLsZDYZMjO7zMwKMeQXbCwUsbX0L/wCOxu/xdkkhSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvU795R5Vmkbw1o5j6AvclCxnBJpXuuxe5br7gFt0p0DLx5qRQPqp9s/fKR7Wb/+z0IpIIKg3hWOu258bGH2NlGOF0kuskmsaYDHGfti2VWFDtj6e3TtCpVXoojJQtadBU/T0xxkLrkQhsp8BmoBe9VPzPaycmvPLHTMaJoZLMFoUJRyZC6eOoxxQlho8swUQxeysiA6wwMTaeNARv8eVl0jgveqViqWbTqMAMWTiGEzgDDy6hDDdQhToQGMADPMGzI5xH58V5nbVmnPnMIfyB8/YDKp+RYQ==</latexit>z4

<latexit sha1_base64="paWsN/FdCSw4TqCfFAcWjkRRDmQ=">AAAB63icbVC7TgJBFL2LL8QXamJjM5GYWJFdCrQk2FhCIo8ECJkdZmHCzOxmZlZDNvyCjYXG2Fr6F36BnY3f4ixQKHiSm5ycc2/uvcePONPGdb+czNr6xuZWdju3s7u3f5A/PGrqMFaENkjIQ9X2saacSdowzHDajhTFwue05Y+vU791R5Vmobw1k4j2BB5KFjCCTSrd90u5fr7gFt0Z0CrxFqRQOal/s/fqR62f/+wOQhILKg3hWOuO50aml2BlGOF0muvGmkaYjPGQdiyVWFDdS2a3TtG5VQYoCJUtadBM/T2RYKH1RPi2U2Az0steKv7ndWITXPUSJqPYUEnmi4KYIxOi9HE0YIoSwyeWYKKYvRWREVaYGBtPGoK3/PIqaZaKXrlYrts0qjBHFk7hDC7Ag0uowA3UoAEERvAAT/DsCOfReXFe560ZZzFzDH/gvP0AIwCRXA==</latexit>w2

<latexit sha1_base64="OwS7eUop3AQG1KLQtB8yNpslMEk=">AAAB9XicbVBNS8NAEJ3Ur1q/qh5EvASL4KkkRdoei148VrAf0May2W7apZtN2N0oJeR/ePGgiFf/injTi1d/hpu2B219MPB4b4aZeW7IqFSW9WFklpZXVtey67mNza3tnfzuXlMGkcCkgQMWiLaLJGGUk4aiipF2KAjyXUZa7ugi9Vu3REga8Gs1DonjowGnHsVIaemm6wmE4zMriUuVJNfLF6yiNYG5SOwZKdSqX28Hn9+H9V7+vdsPcOQTrjBDUnZsK1ROjISimJEk140kCREeoQHpaMqRT6QTT65OzBOt9E0vELq4Mifq74kY+VKOfVd3+kgN5byXiv95nUh5VSemPIwU4Xi6yIuYqQIzjcDsU0GwYmNNEBZU32riIdJBKB1UGoI9//IiaZaKdrlYvtJpnMMUWTiCYzgFGypQg0uoQwMwCLiHR3gy7owH49l4mbZmjNnMPvyB8foD6eOV5Q==</latexit>

40

27

<latexit sha1_base64="x8O7sLxoWcFrmVfMhSgtpSdF21k=">AAAB83icbVC7SgNBFL3rM8ZX1ELEZjAIVmE3RYxd0MYygnlAdgmzk9lkyOzsMjMrhGV/w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7jx9zprRtf1hLyyura+u5jfzm1vbObmFvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3g19lt3VCoWiVs9iqkX4r5gASNYG8l1A4lJWs7SiyzfLRTtkj0BWiTOjBRr1a+3w8/vo3q38O72IpKEVGjCsVIdx461l2KpGeE0y7uJojEmQ9ynHUMFDqny0snNGTo1Sg8FkTQlNJqovydSHCo1Cn3TGWI9UPPeWPzP6yQ6qHopE3GiqSDTRUHCkY7QOADUY5ISzUeGYCKZuRWRATYxaBPTOARn/uVF0iyXnEqpcmPSuIQpcnAMJ3AGDpxDDa6hDg0gEMM9PMKTlVgP1rP1Mm1dsmYzB/AH1usPA2OVbw==</latexit>

2

9

SM

M

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�

Results: 
Theorem (ATV):   Every solution in        tends to
M from below as              at every order           . 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="5obCtI95afZdVPGBWl9Pp+IiXQg=">AAAB8XicbZDLSsNAFIYn9VbjrerSTbAIrkrioroRi25cVrAXbEKZTCft0MlMmDkRQuhbuHGhiC59EPduxLdxello6w8DH/9/DnPOCRPONLjut1VYWl5ZXSuu2xubW9s7pd29ppapIrRBJJeqHWJNORO0AQw4bSeK4jjktBUOr8Z5654qzaS4hSyhQYz7gkWMYDDWHfggfSYiyLqlsltxJ3IWwZtB+eLDPk/evux6t/Tp9yRJYyqAcKx1x3MTCHKsgBFOR7afappgMsR92jEocEx1kE8mHjlHxuk5kVTmCXAm7u+OHMdaZ3FoKmMMAz2fjc3/sk4K0VmQM5GkQAWZfhSl3AHpjNd3ekxRAjwzgIliZlaHDLDCBMyRbHMEb37lRWieVLxqpXrjlmuXaKoiOkCH6Bh56BTV0DWqowYiSKAH9ISeLW09Wi/W67S0YM169tEfWe8/WU6UXw==</latexit>

t ! 1 <latexit sha1_base64="F02uW0lZ0Tj7xfiBn6n6YiBRXAk=">AAAB7nicbVDJSgNBEK2JW4xbXG5eGoPgKcx4iB6DXjx4iGAWmAyhp1NJmvT0jN09QhjyEV48KOLV7/ATvPk3dpaDJj4oeLxXRVW9MBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVKNgkusG24EthKFNAoFNsPh9cRvPqLSPJb3ZpRgENG+5D3OqLFSU7b7+EC8TrHklt0pyDLx5qRUPbr9rKm8X+sUv9rdmKURSsME1dr33MQEGVWGM4HjQjvVmFA2pH30LZU0Qh1k03PH5NQqXdKLlS1pyFT9PZHRSOtRFNrOiJqBXvQm4n+en5reZZBxmaQGJZst6qWCmJhMfiddrpAZMbKEMsXtrYQNqKLM2IQKNgRv8eVl0jgve5Vy5c6mcQUz5OEYTuAMPLiAKtxADerAYAhP8AKvTuI8O2/O+6w158xnDuEPnI8fDJGRpg==</latexit>

n � 1

- The Friedmann Big Bang is NOT generic!

<latexit sha1_base64="9rofM2hIdxIL0cdr8alLv93B/pw=">AAAB73icbZDLSgMxFIbPeK3jrerSTbAIbiwzLqobsejGZUV7gXYsmTTThiaZMckIpfQl3LhQRHDlk7h3I76N6WWhrT8EPv7/HHLOCRPOtPG8b2dufmFxaTmz4q6urW9sZre2KzpOFaFlEvNY1UKsKWeSlg0znNYSRbEIOa2G3YthXr2nSrNY3pheQgOB25JFjGBjrVrjmrUFvj1sZnNe3hsJzYI/gdzZh3uavH25pWb2s9GKSSqoNIRjreu+l5igj5VhhNOB20g1TTDp4jatW5RYUB30R/MO0L51WiiKlX3SoJH7u6OPhdY9EdpKgU1HT2dD87+snproJOgzmaSGSjL+KEo5MjEaLo9aTFFieM8CJorZWRHpYIWJsSdy7RH86ZVnoXKU9wv5wpWXK57DWBnYhT04AB+OoQiXUIIyEODwAE/w7Nw5j86L8zounXMmPTvwR877D/AJkuo=</latexit>

⌃�
- Under-dense perturbations outside SM follow 
the unstable manifold        from SM to M.



Conclude:   Solutions in        characterize the 
instability of under-dense Friedmann spacetimes. 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

Results: 



Conclude:   Solutions in        characterize the 
instability of under-dense Friedmann spacetimes. 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

Results: 

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Theorem (ATV):   Solutions in              align with 
a k<0 Friedmann spacetime at early times and
at leading order in    ,  generically introduce 
accelerations away from Friedmann at 
intermediate times, and then decay back to the 
same k<0 Friedmann spacetime, uniformly at 
each radius r>0.

<latexit sha1_base64="6gJupTTnVRntbBRIcQch6OtHmCI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSQuqjuLgrisaB/QxDKZTtqhM5MwMxFKKLjxV9y4UMStP+HOT3HnJO1CWw9cOJxzL/feE8SMKu04X9bc/MLi0nJhpbi6tr6xaW9tN1SUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBheZ37wnUtFI3OphTHyOeoKGFCNtpI69693QHkd3R55KAkW0x5HuY8TSy1HHLjllJwecJe6ElM6+wxy1jv3pdSOccCI0ZkiptuvE2k+R1BQzMip6iSIxwgPUI21DBeJE+Wn+wwgeGKULw0iaEhrm6u+JFHGlhjwwndmJatrLxP+8dqLDUz+lIk40EXi8KEwY1BHMAoFdKgnWbGgIwpKaWyHuI4mwNrEVTQju9MuzpHFcdivlyrVTqp6DMQpgD+yDQ+CCE1AFV6AG6gCDB/AEXsCr9Wg9W2/W+7h1zprM7IA/sD5+ACjhm5A=</latexit>

⌃� ⇢ F



Conclude:   Solutions in        characterize the 
instability of under-dense Friedmann spacetimes. 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

Results: 

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Theorem (ATV):   Solutions in              align with 
a k<0 Friedmann spacetime at early times and
at leading order in    ,  generically introduce 
accelerations away from Friedmann at 
intermediate times, and then decay back to the 
same k<0 Friedmann spacetime, uniformly at 
each radius r>0.

<latexit sha1_base64="6gJupTTnVRntbBRIcQch6OtHmCI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSQuqjuLgrisaB/QxDKZTtqhM5MwMxFKKLjxV9y4UMStP+HOT3HnJO1CWw9cOJxzL/feE8SMKu04X9bc/MLi0nJhpbi6tr6xaW9tN1SUSEzqOGKRbAVIEUYFqWuqGWnFkiAeMNIMBheZ37wnUtFI3OphTHyOeoKGFCNtpI69693QHkd3R55KAkW0x5HuY8TSy1HHLjllJwecJe6ElM6+wxy1jv3pdSOccCI0ZkiptuvE2k+R1BQzMip6iSIxwgPUI21DBeJE+Wn+wwgeGKULw0iaEhrm6u+JFHGlhjwwndmJatrLxP+8dqLDUz+lIk40EXi8KEwY1BHMAoFdKgnWbGgIwpKaWyHuI4mwNrEVTQju9MuzpHFcdivlyrVTqp6DMQpgD+yDQ+CCE1AFV6AG6gCDB/AEXsCr9Wg9W2/W+7h1zprM7IA/sD5+ACjhm5A=</latexit>

⌃� ⇢ F

(Same for small perturbations of SM in       .) 
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



Moreover:   There is a rate of decay to Friedmann. 
Results: 



Moreover:   There is a rate of decay to Friedmann. 
Results: 

Assume    is time since the BB. 
<latexit sha1_base64="2lTfKbqAQ31go1YZyN5noFuX+Pg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYNd0tFN2SO5XzF7w5FC/e7fPk7dOudgsfnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnyDg9J4yleUI7U/dnR0YipUZRYCojogdqMZuY/2XtVIdnfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXPkvNE5KXrlUrrnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/fQ1GQQA==</latexit>

t



Moreover:   There is a rate of decay to Friedmann. 
Results: 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Theorem (ATV):   The discrepancy between a 
general solution in      and the k<0 Friedmann 
solution it agrees with at leading order in      is 
estimated by 

Assume    is time since the BB. 
<latexit sha1_base64="2lTfKbqAQ31go1YZyN5noFuX+Pg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYNd0tFN2SO5XzF7w5FC/e7fPk7dOudgsfnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnyDg9J4yleUI7U/dnR0YipUZRYCojogdqMZuY/2XtVIdnfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXPkvNE5KXrlUrrnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/fQ1GQQA==</latexit>

t



Moreover:   There is a rate of decay to Friedmann. 
Results: 

Assume    is time since the BB. 
<latexit sha1_base64="2lTfKbqAQ31go1YZyN5noFuX+Pg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYNd0tFN2SO5XzF7w5FC/e7fPk7dOudgsfnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnyDg9J4yleUI7U/dnR0YipUZRYCojogdqMZuY/2XtVIdnfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXPkvNE5KXrlUrrnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/fQ1GQQA==</latexit>

t

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Theorem (ATV):   The discrepancy between a 
general solution in      and the k<0 Friedmann 
solution it agrees with at leading order in      is 
estimated by 

<latexit sha1_base64="Zv2dCg8Hi5MwdD+R83ft4aWXyew=">AAACCnicbVDLTgIxFO3gC/E16tJNhZhgDGQGE3RJNDHuxEQeCQOkUwo0dB62HeNkYO3Gpb/hxoXGuPUL3PE3dsCFgie5Nyfn3Jv2HttnVEjDGGuJhcWl5ZXkamptfWNzS9/eqQov4JhUsMc8XreRIIy6pCKpZKTuc4Icm5GaPTiP/dod4YJ67o0MfdJ0UM+lXYqRVFJb3x9avO/l4ta+GEKLkVt4lZWtKHc8OrTuaavQ1jNG3pgAzhPzh2RKaevoaVwKy239y+p4OHCIKzFDQjRMw5fNCHFJMSOjlBUI4iM8QD3SUNRFDhHNaHLKCB4opQO7HlflSjhRf29EyBEidGw16SDZF7NeLP7nNQLZPW1G1PUDSVw8fagbMCg9GOcCO5QTLFmoCMKcqr9C3EccYanSS6kQzNmT50m1kDeL+eK1SuMMTJEEeyANssAEJ6AELkEZVAAGD+AZvII37VF70d61j+loQvvZ2QV/oH1+A6ZrnJQ=</latexit>

|⇢� ⇢F |  O(t�3)⇠2

<latexit sha1_base64="5TwabQayoRnSdr1yhwHHNwWuuzg=">AAACCXicbVA9SwNBEN2L3/ErammzKIIiCXcK0TIoiJ0RjAZyMextNsmSvb1zdy54nGltbP0ZNhaK2PoP7PJv3HwUmvhg4PHeDDPzvFBwDbbds1JT0zOzc/ML6cWl5ZXVzNr6tQ4iRVmJBiJQZY9oJrhkJeAgWDlUjPieYDde+7Tv33SY0jyQVxCHrOqTpuQNTgkYqZbBD51sp3b2gF3B7vDFLtwmWafrColhz73nt4e1zLadswfAk8QZke3Clrv/3CvExVrm260HNPKZBCqI1hXHDqGaEAWcCtZNu5FmIaFt0mQVQyXxma4mg0+6eMcoddwIlCkJeKD+nkiIr3Xse6bTJ9DS415f/M+rRNA4riZchhEwSYeLGpHAEOB+LLjOFaMgYkMIVdzcimmLKELBhJc2ITjjL0+S64Ock8/lL00aJ2iIebSJttAuctARKqBzVEQlRNEjekFv6N16sl6tD+tz2JqyRjMb6A+srx+Ltpv1</latexit>

|v � vF |  O(t�1 ln t)⇠3

<latexit sha1_base64="GN1VO3x1fAVTqBhuJg8oSdxL+ho=">AAAB+HicbVDLSsNAFL3xWeujURciboJFcFUSF7UboejGZQX7gCaUyXTSDp1MwsxErCFf4saFIm79EnGnG7d+htPHQlsPXDiccy/33uPHjEpl2x/GwuLS8spqbi2/vrG5VTC3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9AcXI795Q4SkEb9Ww5h4IepxGlCMlJY6ZsG9pWduIBBORZaqrGMW7ZI9hjVPnCkpVitfb3uf3/u1jvnudiOchIQrzJCUbceOlZcioShmJMu7iSQxwgPUI21NOQqJ9NLx4Zl1pJWuFURCF1fWWP09kaJQymHo684Qqb6c9Ubif147UUHFSymPE0U4niwKEmapyBqlYHWpIFixoSYIC6pvtXAf6RSUziqvQ3BmX54njZOSUy6Vr3Qa5zBBDg7gEI7BgVOowiXUoA4YEriHR3gy7owH49l4mbQuGNOZXfgD4/UH4fiXqQ==</latexit>

⇠ =
r

t



Moreover:   There is a rate of decay to Friedmann. 
Results: 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠

Theorem (ATV):   The discrepancy between a 
general solution in      and the k<0 Friedmann 
solution it agrees with at leading order in      is 
estimated by 

<latexit sha1_base64="Zv2dCg8Hi5MwdD+R83ft4aWXyew=">AAACCnicbVDLTgIxFO3gC/E16tJNhZhgDGQGE3RJNDHuxEQeCQOkUwo0dB62HeNkYO3Gpb/hxoXGuPUL3PE3dsCFgie5Nyfn3Jv2HttnVEjDGGuJhcWl5ZXkamptfWNzS9/eqQov4JhUsMc8XreRIIy6pCKpZKTuc4Icm5GaPTiP/dod4YJ67o0MfdJ0UM+lXYqRVFJb3x9avO/l4ta+GEKLkVt4lZWtKHc8OrTuaavQ1jNG3pgAzhPzh2RKaevoaVwKy239y+p4OHCIKzFDQjRMw5fNCHFJMSOjlBUI4iM8QD3SUNRFDhHNaHLKCB4opQO7HlflSjhRf29EyBEidGw16SDZF7NeLP7nNQLZPW1G1PUDSVw8fagbMCg9GOcCO5QTLFmoCMKcqr9C3EccYanSS6kQzNmT50m1kDeL+eK1SuMMTJEEeyANssAEJ6AELkEZVAAGD+AZvII37VF70d61j+loQvvZ2QV/oH1+A6ZrnJQ=</latexit>

|⇢� ⇢F |  O(t�3)⇠2

<latexit sha1_base64="5TwabQayoRnSdr1yhwHHNwWuuzg=">AAACCXicbVA9SwNBEN2L3/ErammzKIIiCXcK0TIoiJ0RjAZyMextNsmSvb1zdy54nGltbP0ZNhaK2PoP7PJv3HwUmvhg4PHeDDPzvFBwDbbds1JT0zOzc/ML6cWl5ZXVzNr6tQ4iRVmJBiJQZY9oJrhkJeAgWDlUjPieYDde+7Tv33SY0jyQVxCHrOqTpuQNTgkYqZbBD51sp3b2gF3B7vDFLtwmWafrColhz73nt4e1zLadswfAk8QZke3Clrv/3CvExVrm260HNPKZBCqI1hXHDqGaEAWcCtZNu5FmIaFt0mQVQyXxma4mg0+6eMcoddwIlCkJeKD+nkiIr3Xse6bTJ9DS415f/M+rRNA4riZchhEwSYeLGpHAEOB+LLjOFaMgYkMIVdzcimmLKELBhJc2ITjjL0+S64Ock8/lL00aJ2iIebSJttAuctARKqBzVEQlRNEjekFv6N16sl6tD+tz2JqyRjMb6A+srx+Ltpv1</latexit>

|v � vF |  O(t�1 ln t)⇠3

<latexit sha1_base64="GN1VO3x1fAVTqBhuJg8oSdxL+ho=">AAAB+HicbVDLSsNAFL3xWeujURciboJFcFUSF7UboejGZQX7gCaUyXTSDp1MwsxErCFf4saFIm79EnGnG7d+htPHQlsPXDiccy/33uPHjEpl2x/GwuLS8spqbi2/vrG5VTC3dxoySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9AcXI795Q4SkEb9Ww5h4IepxGlCMlJY6ZsG9pWduIBBORZaqrGMW7ZI9hjVPnCkpVitfb3uf3/u1jvnudiOchIQrzJCUbceOlZcioShmJMu7iSQxwgPUI21NOQqJ9NLx4Zl1pJWuFURCF1fWWP09kaJQymHo684Qqb6c9Ubif147UUHFSymPE0U4niwKEmapyBqlYHWpIFixoSYIC6pvtXAf6RSUziqvQ3BmX54njZOSUy6Vr3Qa5zBBDg7gEI7BgVOowiXUoA4YEriHR3gy7owH49l4mbQuGNOZXfgD4/UH4fiXqQ==</latexit>

⇠ =
r

t

Proof:  Taylor’s Theorem with decay to M at n=2.

Assume    is time since the BB. 
<latexit sha1_base64="2lTfKbqAQ31go1YZyN5noFuX+Pg=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYNd0tFN2SO5XzF7w5FC/e7fPk7dOudgsfnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnyDg9J4yleUI7U/dnR0YipUZRYCojogdqMZuY/2XtVIdnfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXPkvNE5KXrlUrrnFyiXMlIcDOIRj8OAUKnANVagDBYR7eIQn69Z6sJ6tl1lpzpr37MMvWa/fQ1GQQA==</latexit>

t



Results: 

The existence of negative eigenvalue at SM at 
order n=2 implies the Big Bang in       generically 
does not look like Friedmann… 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F



Results: 

The existence of negative eigenvalue at SM at 
order n=2 implies the Big Bang in       generically 
does not look like Friedmann… 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

Theorem:  The spatially homogeneous self-similar 
Big Bang of Friedmann spacetimes is universal at 
leading order in    , but is generically not self-
similar beyond leading order.

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠



Results: 

The existence of negative eigenvalue at SM at 
order n=2 implies the Big Bang in       generically 
does not look like Friedmann… 

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

-In fact,  generically:    
<latexit sha1_base64="QcnGIllWY2Ch68aTZuoElZUgbPs=">AAAB/HicbVDLSsNAFJ3UV62vaJduQotQUUrSRXVZdOOygn1AE8pkOmmHTiZh5kaIoX6FezcuFHHrh7jr3zh9LLR64MLhnHu59x4/5kyBbU+N3Nr6xuZWfruws7u3f2AeHrVVlEhCWyTikez6WFHOBG0BA067saQ49Dnt+OPrmd+5p1KxSNxBGlMvxEPBAkYwaKlvFh/6WU1MKnDqQuQyEUB63jfLdtWew/pLnCUpN0ru2dO0kTb75pc7iEgSUgGEY6V6jh2Dl2EJjHA6KbiJojEmYzykPU0FDqnysvnxE+tEKwMriKQuAdZc/TmR4VCpNPR1Z4hhpFa9mfif10sguPQyJuIEqCCLRUHCLYisWRLWgElKgKeaYCKZvtUiIywxAZ1XQYfgrL78l7RrVaderd/qNK7QAnl0jEqoghx0gRroBjVRCxGUomf0it6MR+PFeDc+Fq05YzlTRL9gfH4DeKaXpg==</latexit>

z2n(t) ! 1,
<latexit sha1_base64="kj9t9oMcd0EGYuW3eeU1ccYjvgg=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CS1CRSxJF9Vl0Y3LCvYBTSmT6aQdOpmEmRslhuJP+AFuXCji1v9w179x+lho64ELh3Pu5d57vIgzBbY9NjIrq2vrG9nN3Nb2zu6euX/QUGEsCa2TkIey5WFFORO0Dgw4bUWS4sDjtOkNryd+855KxUJxB0lEOwHuC+YzgkFLXfPooZuWxXl5VIRTF0KXCR+SrlmwS/YU1jJx5qRQzbtnz+NqUuua324vJHFABRCOlWo7dgSdFEtghNNRzo0VjTAZ4j5taypwQFUnnV4/sk600rP8UOoSYE3V3xMpDpRKAk93BhgGatGbiP957Rj8y07KRBQDFWS2yI+5BaE1icLqMUkJ8EQTTCTTt1pkgCUmoAPL6RCcxZeXSaNcciqlyq1O4wrNkEXHKI+KyEEXqIpuUA3VEUGP6AW9oXfjyXg1PozPWWvGmM8coj8wvn4A6EGX4A==</latexit>

w2n�2(t) ! 1

as    for all    
<latexit sha1_base64="9+Zep4BeYo11dmSXB6glJHD66SU=">AAAB7XicbVC5TgMxEJ0NVwhXODoaiwiJKtpNESgjaCgogkQOabOKvI43MfHai+1Filb5BxoKEKLlP/gEOv4G5ygg4UkjPb03o5l5YcKZNq777eRWVtfWN/Kbha3tnd294v5BU8tUEdogkkvVDrGmnAnaMMxw2k4UxXHIaSscXk381iNVmklxZ0YJDWLcFyxiBBsrNUWnTx8q3WLJLbtToGXizUmpdnTzWVd5v94tfnV6kqQxFYZwrLXvuYkJMqwMI5yOC51U0wSTIe5T31KBY6qDbHrtGJ1apYciqWwJg6bq74kMx1qP4tB2xtgM9KI3Ef/z/NREF0HGRJIaKshsUZRyZCSavI56TFFi+MgSTBSztyIywAoTYwMq2BC8xZeXSbNS9qrl6q1N4xJmyMMxnMAZeHAONbiGOjSAwD08wQu8OtJ5dt6c91lrzpnPHMIfOB8/tnGRfQ==</latexit>

n � 2
<latexit sha1_base64="B2IvuKKNzDFsNOWg5FC2nuG67FM=">AAAB7HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFpC+1QMmmmDc0kQ3JGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnCgV3IDnfTuFpeWV1bXiuruxubW9U9rdqxuVacoCqoTSzYgYJrhkAXAQrJlqRpJIsEY0uB7njXumDVfyDoYpCxPSkzzmlIC1AmiD8jqlslfxJsKL4M+gfPnhXqRvX26tU/psdxXNEiaBCmJMy/dSCHOigVPBRm47MywldEB6rGVRkoSZMJ8MO8JH1uniWGn7JOCJ+7sjJ4kxwySylQmBvpnPxuZ/WSuD+DzMuUwzYJJOP4ozgUHh8ea4yzWjIIYWCNXczoppn2hCwd7HtUfw51dehPpJxT+tnN565eoVmqqIDtAhOkY+OkNVdINqKEAUcfSAntCzI51H58V5nZYWnFnPPvoj5/0HB5GR1w==</latexit>

t ! 0

Theorem:  The spatially homogeneous self-similar 
Big Bang of Friedmann spacetimes is universal at 
leading order in    , but is generically not self-
similar beyond leading order.

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠



Concluding Remarks: 

- Note that trajectories of STV-ODE of order n>1
which tend to M, are bounded on                  .<latexit sha1_base64="HQpdL13FbTh3nHCQCFFN5mDed5Q=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXIlpJiI1lAuYBmyXMTibJkNmZdeauEJZ8ho2FIrb6F36BnY3f4uRRaOKBC4dz7uXee8JYcAOu++VkVlbX1jeym7mt7Z3dvfz+QcOoRFNWp0oo3QqJYYJLVgcOgrVizUgUCtYMh9cTv3nPtOFK3sIoZkFE+pL3OCVgJR/afXaHoeNeuZ18wS26U+Bl4s1JoXxU++bvlY9qJ//Z7iqaREwCFcQY33NjCFKigVPBxrl2YlhM6JD0mW+pJBEzQTo9eYxPrdLFPaVtScBT9fdESiJjRlFoOyMCA7PoTcT/PD+B3mWQchknwCSdLeolAoPCk/9xl2tGQYwsIVRzeyumA6IJBZtSzobgLb68TBrnRa9ULNVsGhU0QxYdoxN0hjx0gcroBlVRHVGk0AN6Qs8OOI/Oi/M6a80485lD9AfO2w8URpQu</latexit>

t � t0 > 0



Concluding Remarks: 

- Note that trajectories of STV-ODE of order n>1
which tend to M, are bounded on                  .<latexit sha1_base64="HQpdL13FbTh3nHCQCFFN5mDed5Q=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXIlpJiI1lAuYBmyXMTibJkNmZdeauEJZ8ho2FIrb6F36BnY3f4uRRaOKBC4dz7uXee8JYcAOu++VkVlbX1jeym7mt7Z3dvfz+QcOoRFNWp0oo3QqJYYJLVgcOgrVizUgUCtYMh9cTv3nPtOFK3sIoZkFE+pL3OCVgJR/afXaHoeNeuZ18wS26U+Bl4s1JoXxU++bvlY9qJ//Z7iqaREwCFcQY33NjCFKigVPBxrl2YlhM6JD0mW+pJBEzQTo9eYxPrdLFPaVtScBT9fdESiJjRlFoOyMCA7PoTcT/PD+B3mWQchknwCSdLeolAoPCk/9xl2tGQYwsIVRzeyumA6IJBZtSzobgLb68TBrnRa9ULNVsGhU0QxYdoxN0hjx0gcroBlVRHVGk0AN6Qs8OOI/Oi/M6a80485lD9AfO2w8URpQu</latexit>

t � t0 > 0

Such trajectories are determined by i.c.’s
<latexit sha1_base64="vtnsKwnh7+r9pMjdTEboYfKqTBg=">AAAB83icbVDLSsNAFL3xWeur6tLN0CJUlJJ0UV0W3bisYB/QhDCZTtuhk0mYmQgx9C/EjQtF3Poz7vo3Th8LbT1w4XDOvdx7TxBzprRtT6y19Y3Nre3cTn53b//gsHB03FJRIgltkohHshNgRTkTtKmZ5rQTS4rDgNN2MLqd+u1HKhWLxINOY+qFeCBYnxGsjeQ++VlVjMvat88v/ULJrtgzoFXiLEipXnQvnif1tOEXvt1eRJKQCk04Vqrr2LH2Miw1I5yO826iaIzJCA9o11CBQ6q8bHbzGJ0ZpYf6kTQlNJqpvycyHCqVhoHpDLEeqmVvKv7ndRPdv/YyJuJEU0Hmi/oJRzpC0wBQj0lKNE8NwUQycysiQywx0SamvAnBWX55lbSqFadWqd2bNG5gjhycQhHK4MAV1OEOGtAEAjG8wBu8W4n1an1Yn/PWNWsxcwJ/YH39APeAk/k=</latexit>

z2n(t0),
<latexit sha1_base64="TCYP6IB01o6e29rvi5+5XVy3udk=">AAAB9XicbVDLSsNAFL2pr1pfVZduQotQUUvSRXVZdOOygn1AG8NkOmmHTiZhZmIJoX/hwo0LRdz6L+76N04fC209cOFwzr3ce48XMSqVZU2MzNr6xuZWdju3s7u3f5A/PGrKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTv3WExGShvxBJRFxAtTn1KcYKS09jty0wi8r45JyrbMLN1+0ytYM5iqxF6RYK3TPnye1pO7mv7u9EMcB4QozJGXHtiLlpEgoihkZ57qxJBHCQ9QnHU05Coh00tnVY/NUKz3TD4UursyZ+nsiRYGUSeDpzgCpgVz2puJ/XidW/rWTUh7FinA8X+THzFShOY3A7FFBsGKJJggLqm818QAJhJUOKqdDsJdfXiXNStmulqv3Oo0bmCMLJ1CAEthwBTW4gzo0AIOAF3iDd2NkvBofxue8NWMsZo7hD4yvH9N8lGk=</latexit>

w2n�2(t0),
<latexit sha1_base64="xQmqcbRTNGTPeXEMtVo7eZWwyK0=">AAAB8XicbVDLSgNBEOyNrxhfUY+KDAbBQ1h2I0QvQtCLxwTMA5MlzE4myZDZ2WVmVghLjv6BFw+KePUH8h3e/AZ/wsnjoNGChqKqm+4uP+JMacf5tFJLyyura+n1zMbm1vZOdnevpsJYElolIQ9lw8eKciZoVTPNaSOSFAc+p3V/cD3x6/dUKhaKWz2MqBfgnmBdRrA20p24dPOF/Jlt2+1szrGdKdBf4s5JrnQ4rnw9HI3L7exHqxOSOKBCE46VarpOpL0ES80Ip6NMK1Y0wmSAe7RpqMABVV4yvXiETozSQd1QmhIaTdWfEwkOlBoGvukMsO6rRW8i/uc1Y9298BImolhTQWaLujFHOkST91GHSUo0HxqCiWTmVkT6WGKiTUgZE4K7+PJfUivYbtEuVkwaVzBDGg7gGE7BhXMowQ2UoQoEBDzCM7xYynqyXq23WWvKms/swy9Y79+1cJKz</latexit>

n = 1, 2, 3...



Concluding Remarks: 

- Note that trajectories of STV-ODE of order n>1

<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

Fconvergence of power series to solutions in      :

which tend to M, are bounded on                  .

Such trajectories are determined by i.c.’s

<latexit sha1_base64="HQpdL13FbTh3nHCQCFFN5mDed5Q=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAIVmHXIlpJiI1lAuYBmyXMTibJkNmZdeauEJZ8ho2FIrb6F36BnY3f4uRRaOKBC4dz7uXee8JYcAOu++VkVlbX1jeym7mt7Z3dvfz+QcOoRFNWp0oo3QqJYYJLVgcOgrVizUgUCtYMh9cTv3nPtOFK3sIoZkFE+pL3OCVgJR/afXaHoeNeuZ18wS26U+Bl4s1JoXxU++bvlY9qJ//Z7iqaREwCFcQY33NjCFKigVPBxrl2YlhM6JD0mW+pJBEzQTo9eYxPrdLFPaVtScBT9fdESiJjRlFoOyMCA7PoTcT/PD+B3mWQchknwCSdLeolAoPCk/9xl2tGQYwsIVRzeyumA6IJBZtSzobgLb68TBrnRa9ULNVsGhU0QxYdoxN0hjx0gcroBlVRHVGk0AN6Qs8OOI/Oi/M6a80485lD9AfO2w8URpQu</latexit>

t � t0 > 0

<latexit sha1_base64="vtnsKwnh7+r9pMjdTEboYfKqTBg=">AAAB83icbVDLSsNAFL3xWeur6tLN0CJUlJJ0UV0W3bisYB/QhDCZTtuhk0mYmQgx9C/EjQtF3Poz7vo3Th8LbT1w4XDOvdx7TxBzprRtT6y19Y3Nre3cTn53b//gsHB03FJRIgltkohHshNgRTkTtKmZ5rQTS4rDgNN2MLqd+u1HKhWLxINOY+qFeCBYnxGsjeQ++VlVjMvat88v/ULJrtgzoFXiLEipXnQvnif1tOEXvt1eRJKQCk04Vqrr2LH2Miw1I5yO826iaIzJCA9o11CBQ6q8bHbzGJ0ZpYf6kTQlNJqpvycyHCqVhoHpDLEeqmVvKv7ndRPdv/YyJuJEU0Hmi/oJRzpC0wBQj0lKNE8NwUQycysiQywx0SamvAnBWX55lbSqFadWqd2bNG5gjhycQhHK4MAV1OEOGtAEAjG8wBu8W4n1an1Yn/PWNWsxcwJ/YH39APeAk/k=</latexit>

z2n(t0),
<latexit sha1_base64="TCYP6IB01o6e29rvi5+5XVy3udk=">AAAB9XicbVDLSsNAFL2pr1pfVZduQotQUUvSRXVZdOOygn1AG8NkOmmHTiZhZmIJoX/hwo0LRdz6L+76N04fC209cOFwzr3ce48XMSqVZU2MzNr6xuZWdju3s7u3f5A/PGrKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTv3WExGShvxBJRFxAtTn1KcYKS09jty0wi8r45JyrbMLN1+0ytYM5iqxF6RYK3TPnye1pO7mv7u9EMcB4QozJGXHtiLlpEgoihkZ57qxJBHCQ9QnHU05Coh00tnVY/NUKz3TD4UursyZ+nsiRYGUSeDpzgCpgVz2puJ/XidW/rWTUh7FinA8X+THzFShOY3A7FFBsGKJJggLqm818QAJhJUOKqdDsJdfXiXNStmulqv3Oo0bmCMLJ1CAEthwBTW4gzo0AIOAF3iDd2NkvBofxue8NWMsZo7hD4yvH9N8lGk=</latexit>

w2n�2(t0),
<latexit sha1_base64="xQmqcbRTNGTPeXEMtVo7eZWwyK0=">AAAB8XicbVDLSgNBEOyNrxhfUY+KDAbBQ1h2I0QvQtCLxwTMA5MlzE4myZDZ2WVmVghLjv6BFw+KePUH8h3e/AZ/wsnjoNGChqKqm+4uP+JMacf5tFJLyyura+n1zMbm1vZOdnevpsJYElolIQ9lw8eKciZoVTPNaSOSFAc+p3V/cD3x6/dUKhaKWz2MqBfgnmBdRrA20p24dPOF/Jlt2+1szrGdKdBf4s5JrnQ4rnw9HI3L7exHqxOSOKBCE46VarpOpL0ES80Ip6NMK1Y0wmSAe7RpqMABVV4yvXiETozSQd1QmhIaTdWfEwkOlBoGvukMsO6rRW8i/uc1Y9298BImolhTQWaLujFHOkST91GHSUo0HxqCiWTmVkT6WGKiTUgZE4K7+PJfUivYbtEuVkwaVzBDGg7gGE7BhXMowQ2UoQoEBDzCM7xYynqyXq23WWvKms/swy9Y79+1cJKz</latexit>

n = 1, 2, 3...

Problem:  Find sharp bounds on i.c.’s which imply

<latexit sha1_base64="wW5csP/29ZIAO2BxaG5dTqjrjZA="></latexit>

w(t) =
1X

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="72kyk8l1OWqHjXpk2qBF6SwF/hc="></latexit>

z(t) =
1X

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="mZibeNzTnWGbe44cp4hsqby303c=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiQuWncWBXFZwT6giWUynbRDJ5MwM1FK6H+4caGIW//FnZ/izknahbYeGDiccy/3zPFjzpS27S+rsLK6tr5R3Cxtbe/s7pX3D9oqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8cdXmd95oFKxSNzpSUy9EA8FCxjB2kj3LhNuiPWIYJ5eT/vlil21c6Bl4sxJ5eI7yNHslz/dQUSSkApNOFaq59ix9lIsNSOcTktuomiMyRgPac9QgUOqvDRPPUUnRhmgIJLmCY1y9fdGikOlJqFvJrOIatHLxP+8XqKDcy9lIk40FWR2KEg40hHKKkADJinRfGIIJpKZrIiMsMREm6JKpgRn8cvLpH1WdWrV2q1daVzCDEU4gmM4BQfq0IAbaEILCEh4ghd4tR6tZ+vNep+NFqz5ziH8gfXxA6WDllA=</latexit>

2 F



Concluding Remarks: 

<latexit sha1_base64="Eswjy5RHA6v3xIPGzNcjfhk1whU="></latexit>

w(t) =
nX

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="1grcD5VSEHerribO1BmI/0I3Rto="></latexit>

z(t) =
nX

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="TNOzDeyy/d0O9OoSwG+sOHLsR3U=">AAAB/HicbVDLSsNAFJ34rPUVLbhxM1gEVyVxUV2WCuKyBfuAJoTJdNIOnUzizKQQQv0VNy4U6dYv8AvcufFbnLRdaOuBgcM593LPHD9mVCrL+jLW1jc2t7YLO8Xdvf2DQ/PouC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3ST+50xEZJG/F6lMXFDNOA0oBgpLXlmyQmRGmLEstuJxx3ykNCxZ5atijUDXCX2gpRrJ81vOq1/NDzz0+lHOAkJV5ghKXu2FSs3Q0JRzMik6CSSxAiP0ID0NOUoJNLNZuEn8FwrfRhEQj+u4Ez9vZGhUMo09PVkHlUue7n4n9dLVHDtZpTHiSIczw8FCYMqgnkTsE8FwYqlmiAsqM4K8RAJhJXuq6hLsJe/vEralxW7Wqk2dRt1MEcBnIIzcAFscAVq4A40QAtgkIIn8AJejUfj2XgzpvPRNWOxUwJ/YLz/ADNSmNg=</latexit>

Fn ⌘Define:           space of approximate solutions



Concluding Remarks: 

<latexit sha1_base64="wW5csP/29ZIAO2BxaG5dTqjrjZA="></latexit>

w(t) =
1X

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="72kyk8l1OWqHjXpk2qBF6SwF/hc="></latexit>

z(t) =
1X

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="Eswjy5RHA6v3xIPGzNcjfhk1whU="></latexit>

w(t) =
nX

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="1grcD5VSEHerribO1BmI/0I3Rto="></latexit>

z(t) =
nX

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="TNOzDeyy/d0O9OoSwG+sOHLsR3U=">AAAB/HicbVDLSsNAFJ34rPUVLbhxM1gEVyVxUV2WCuKyBfuAJoTJdNIOnUzizKQQQv0VNy4U6dYv8AvcufFbnLRdaOuBgcM593LPHD9mVCrL+jLW1jc2t7YLO8Xdvf2DQ/PouC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3ST+50xEZJG/F6lMXFDNOA0oBgpLXlmyQmRGmLEstuJxx3ykNCxZ5atijUDXCX2gpRrJ81vOq1/NDzz0+lHOAkJV5ghKXu2FSs3Q0JRzMik6CSSxAiP0ID0NOUoJNLNZuEn8FwrfRhEQj+u4Ez9vZGhUMo09PVkHlUue7n4n9dLVHDtZpTHiSIczw8FCYMqgnkTsE8FwYqlmiAsqM4K8RAJhJXuq6hLsJe/vEralxW7Wqk2dRt1MEcBnIIzcAFscAVq4A40QAtgkIIn8AJejUfj2XgzpvPRNWOxUwJ/YLz/ADNSmNg=</latexit>

Fn ⌘Define:           space of approximate solutions

space of formal sums<latexit sha1_base64="3z3RWcBxIm4ZIxd+jFUKzlILCxg=">AAACA3icbVDLSsNAFJ3UV62vqOBCN8EiuCqJi+qyVBCXLdgHNCFMppN26GQSZyaFEAJu/BU3Ioq4decXuHPjtzhpu9DWAxcO59zLvfd4ESVCmuaXVlhaXlldK66XNja3tnf03b22CGOOcAuFNORdDwpMCcMtSSTF3YhjGHgUd7zRZe53xpgLErIbmUTYCeCAEZ8gKJXk6od2AOUQQZpeZW5qE+bLJLPxbUzGrl42K+YExiKxZqRcO2h+k6f6R8PVP+1+iOIAM4koFKJnmZF0UsglQRRnJTsWOIJoBAe4pyiDARZOOvkhM06U0jf8kKti0piovydSGAiRBJ7qzC8W814u/uf1YulfOClhUSwxQ9NFfkwNGRp5IEafcIwkTRSBiBN1q4GGkEMkVWwlFYI1//IiaZ9VrGql2lRp1MEURXAEjsEpsMA5qIFr0AAtgMAdeADP4EW71x61V+1t2lrQZjP74A+09x8cKZwu</latexit>

F1 ⌘



Concluding Remarks: 

<latexit sha1_base64="wW5csP/29ZIAO2BxaG5dTqjrjZA="></latexit>

w(t) =
1X

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="72kyk8l1OWqHjXpk2qBF6SwF/hc="></latexit>

z(t) =
1X

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="Eswjy5RHA6v3xIPGzNcjfhk1whU="></latexit>

w(t) =
nX

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="1grcD5VSEHerribO1BmI/0I3Rto="></latexit>

z(t) =
nX

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="TNOzDeyy/d0O9OoSwG+sOHLsR3U=">AAAB/HicbVDLSsNAFJ34rPUVLbhxM1gEVyVxUV2WCuKyBfuAJoTJdNIOnUzizKQQQv0VNy4U6dYv8AvcufFbnLRdaOuBgcM593LPHD9mVCrL+jLW1jc2t7YLO8Xdvf2DQ/PouC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3ST+50xEZJG/F6lMXFDNOA0oBgpLXlmyQmRGmLEstuJxx3ykNCxZ5atijUDXCX2gpRrJ81vOq1/NDzz0+lHOAkJV5ghKXu2FSs3Q0JRzMik6CSSxAiP0ID0NOUoJNLNZuEn8FwrfRhEQj+u4Ez9vZGhUMo09PVkHlUue7n4n9dLVHDtZpTHiSIczw8FCYMqgnkTsE8FwYqlmiAsqM4K8RAJhJXuq6hLsJe/vEralxW7Wqk2dRt1MEcBnIIzcAFscAVq4A40QAtgkIIn8AJejUfj2XgzpvPRNWOxUwJ/YLz/ADNSmNg=</latexit>

Fn ⌘Define:           space of approximate solutions

space of formal sums<latexit sha1_base64="3z3RWcBxIm4ZIxd+jFUKzlILCxg=">AAACA3icbVDLSsNAFJ3UV62vqOBCN8EiuCqJi+qyVBCXLdgHNCFMppN26GQSZyaFEAJu/BU3Ioq4decXuHPjtzhpu9DWAxcO59zLvfd4ESVCmuaXVlhaXlldK66XNja3tnf03b22CGOOcAuFNORdDwpMCcMtSSTF3YhjGHgUd7zRZe53xpgLErIbmUTYCeCAEZ8gKJXk6od2AOUQQZpeZW5qE+bLJLPxbUzGrl42K+YExiKxZqRcO2h+k6f6R8PVP+1+iOIAM4koFKJnmZF0UsglQRRnJTsWOIJoBAe4pyiDARZOOvkhM06U0jf8kKti0piovydSGAiRBJ7qzC8W814u/uf1YulfOClhUSwxQ9NFfkwNGRp5IEafcIwkTRSBiBN1q4GGkEMkVWwlFYI1//IiaZ9VrGql2lRp1MEURXAEjsEpsMA5qIFr0AAtgMAdeADP4EW71x61V+1t2lrQZjP74A+09x8cKZwu</latexit>

F1 ⌘

               determined by i.c.’s for STV-ODE 
<latexit sha1_base64="DiNvpSugnQtAxULm7Zdg1UfCRbU=">AAACDHicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIloGBbFMwDwgWcLsZDYZMju7zNwVwrKlhY2/YmMREVs/wM5v8CecJBYx8cDAmXPu5d57vEhwDbb9ZWWWlldW17LruY3Nre2d/O5eXYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uB77jXumNA/lHQwj5gakJ7nPKQEjdfKFdkCgT4lIbtKOPMOz36TNpQ/D1FTZRXsCvEicX1IoH46q3w9Ho0on/9nuhjQOmAQqiNYtx47ATYgCTgVLc+1Ys4jQAemxlqGSBEy7yeSYFJ8YpYv9UJknAU/U2Y6EBFoPA89UjnfV895Y/M9rxeBfugmXUQxM0ukgPxYYQjxOBne5YhTE0BBCFTe7YtonilAw+eVMCM78yYukfl50SsVS1aRxhabIogN0jE6Rgy5QGd2iCqohih7RMxqhV+vJerHerPdpacb67dlHf2B9/ABxrJ+Z</latexit>

Fn,F1



Concluding Remarks: 

<latexit sha1_base64="wW5csP/29ZIAO2BxaG5dTqjrjZA="></latexit>

w(t) =
1X

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="72kyk8l1OWqHjXpk2qBF6SwF/hc="></latexit>

z(t) =
1X

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="Eswjy5RHA6v3xIPGzNcjfhk1whU="></latexit>

w(t) =
nX

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="1grcD5VSEHerribO1BmI/0I3Rto="></latexit>

z(t) =
nX

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="TNOzDeyy/d0O9OoSwG+sOHLsR3U=">AAAB/HicbVDLSsNAFJ34rPUVLbhxM1gEVyVxUV2WCuKyBfuAJoTJdNIOnUzizKQQQv0VNy4U6dYv8AvcufFbnLRdaOuBgcM593LPHD9mVCrL+jLW1jc2t7YLO8Xdvf2DQ/PouC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3ST+50xEZJG/F6lMXFDNOA0oBgpLXlmyQmRGmLEstuJxx3ykNCxZ5atijUDXCX2gpRrJ81vOq1/NDzz0+lHOAkJV5ghKXu2FSs3Q0JRzMik6CSSxAiP0ID0NOUoJNLNZuEn8FwrfRhEQj+u4Ez9vZGhUMo09PVkHlUue7n4n9dLVHDtZpTHiSIczw8FCYMqgnkTsE8FwYqlmiAsqM4K8RAJhJXuq6hLsJe/vEralxW7Wqk2dRt1MEcBnIIzcAFscAVq4A40QAtgkIIn8AJejUfj2XgzpvPRNWOxUwJ/YLz/ADNSmNg=</latexit>

Fn ⌘Define:           space of approximate solutions

space of formal sums<latexit sha1_base64="3z3RWcBxIm4ZIxd+jFUKzlILCxg=">AAACA3icbVDLSsNAFJ3UV62vqOBCN8EiuCqJi+qyVBCXLdgHNCFMppN26GQSZyaFEAJu/BU3Ioq4decXuHPjtzhpu9DWAxcO59zLvfd4ESVCmuaXVlhaXlldK66XNja3tnf03b22CGOOcAuFNORdDwpMCcMtSSTF3YhjGHgUd7zRZe53xpgLErIbmUTYCeCAEZ8gKJXk6od2AOUQQZpeZW5qE+bLJLPxbUzGrl42K+YExiKxZqRcO2h+k6f6R8PVP+1+iOIAM4koFKJnmZF0UsglQRRnJTsWOIJoBAe4pyiDARZOOvkhM06U0jf8kKti0piovydSGAiRBJ7qzC8W814u/uf1YulfOClhUSwxQ9NFfkwNGRp5IEafcIwkTRSBiBN1q4GGkEMkVWwlFYI1//IiaZ9VrGql2lRp1MEURXAEjsEpsMA5qIFr0AAtgMAdeADP4EW71x61V+1t2lrQZjP74A+09x8cKZwu</latexit>

F1 ⌘

               determined by i.c.’s for STV-ODE 
<latexit sha1_base64="DiNvpSugnQtAxULm7Zdg1UfCRbU=">AAACDHicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIloGBbFMwDwgWcLsZDYZMju7zNwVwrKlhY2/YmMREVs/wM5v8CecJBYx8cDAmXPu5d57vEhwDbb9ZWWWlldW17LruY3Nre2d/O5eXYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uB77jXumNA/lHQwj5gakJ7nPKQEjdfKFdkCgT4lIbtKOPMOz36TNpQ/D1FTZRXsCvEicX1IoH46q3w9Ho0on/9nuhjQOmAQqiNYtx47ATYgCTgVLc+1Ys4jQAemxlqGSBEy7yeSYFJ8YpYv9UJknAU/U2Y6EBFoPA89UjnfV895Y/M9rxeBfugmXUQxM0ukgPxYYQjxOBne5YhTE0BBCFTe7YtonilAw+eVMCM78yYukfl50SsVS1aRxhabIogN0jE6Rgy5QGd2iCqohih7RMxqhV+vJerHerPdpacb67dlHf2B9/ABxrJ+Z</latexit>

Fn,F1

<latexit sha1_base64="DiNvpSugnQtAxULm7Zdg1UfCRbU=">AAACDHicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIloGBbFMwDwgWcLsZDYZMju7zNwVwrKlhY2/YmMREVs/wM5v8CecJBYx8cDAmXPu5d57vEhwDbb9ZWWWlldW17LruY3Nre2d/O5eXYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uB77jXumNA/lHQwj5gakJ7nPKQEjdfKFdkCgT4lIbtKOPMOz36TNpQ/D1FTZRXsCvEicX1IoH46q3w9Ho0on/9nuhjQOmAQqiNYtx47ATYgCTgVLc+1Ys4jQAemxlqGSBEy7yeSYFJ8YpYv9UJknAU/U2Y6EBFoPA89UjnfV895Y/M9rxeBfugmXUQxM0ukgPxYYQjxOBne5YhTE0BBCFTe7YtonilAw+eVMCM78yYukfl50SsVS1aRxhabIogN0jE6Rgy5QGd2iCqohih7RMxqhV+vJerHerPdpacb67dlHf2B9/ABxrJ+Z</latexit>

Fn,F1 describe the asymptotics



Concluding Remarks: 

<latexit sha1_base64="wW5csP/29ZIAO2BxaG5dTqjrjZA="></latexit>

w(t) =
1X

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="72kyk8l1OWqHjXpk2qBF6SwF/hc="></latexit>

z(t) =
1X

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="Eswjy5RHA6v3xIPGzNcjfhk1whU="></latexit>

w(t) =
nX

n=1

w2n�2(t)⇠
2n

<latexit sha1_base64="1grcD5VSEHerribO1BmI/0I3Rto="></latexit>

z(t) =
nX

n=1

z2n(t)⇠
2n,

<latexit sha1_base64="TNOzDeyy/d0O9OoSwG+sOHLsR3U=">AAAB/HicbVDLSsNAFJ34rPUVLbhxM1gEVyVxUV2WCuKyBfuAJoTJdNIOnUzizKQQQv0VNy4U6dYv8AvcufFbnLRdaOuBgcM593LPHD9mVCrL+jLW1jc2t7YLO8Xdvf2DQ/PouC2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3ST+50xEZJG/F6lMXFDNOA0oBgpLXlmyQmRGmLEstuJxx3ykNCxZ5atijUDXCX2gpRrJ81vOq1/NDzz0+lHOAkJV5ghKXu2FSs3Q0JRzMik6CSSxAiP0ID0NOUoJNLNZuEn8FwrfRhEQj+u4Ez9vZGhUMo09PVkHlUue7n4n9dLVHDtZpTHiSIczw8FCYMqgnkTsE8FwYqlmiAsqM4K8RAJhJXuq6hLsJe/vEralxW7Wqk2dRt1MEcBnIIzcAFscAVq4A40QAtgkIIn8AJejUfj2XgzpvPRNWOxUwJ/YLz/ADNSmNg=</latexit>

Fn ⌘Define:           space of approximate solutions

space of formal sums<latexit sha1_base64="3z3RWcBxIm4ZIxd+jFUKzlILCxg=">AAACA3icbVDLSsNAFJ3UV62vqOBCN8EiuCqJi+qyVBCXLdgHNCFMppN26GQSZyaFEAJu/BU3Ioq4decXuHPjtzhpu9DWAxcO59zLvfd4ESVCmuaXVlhaXlldK66XNja3tnf03b22CGOOcAuFNORdDwpMCcMtSSTF3YhjGHgUd7zRZe53xpgLErIbmUTYCeCAEZ8gKJXk6od2AOUQQZpeZW5qE+bLJLPxbUzGrl42K+YExiKxZqRcO2h+k6f6R8PVP+1+iOIAM4koFKJnmZF0UsglQRRnJTsWOIJoBAe4pyiDARZOOvkhM06U0jf8kKti0piovydSGAiRBJ7qzC8W814u/uf1YulfOClhUSwxQ9NFfkwNGRp5IEafcIwkTRSBiBN1q4GGkEMkVWwlFYI1//IiaZ9VrGql2lRp1MEURXAEjsEpsMA5qIFr0AAtgMAdeADP4EW71x61V+1t2lrQZjP74A+09x8cKZwu</latexit>

F1 ⌘

               determined by i.c.’s for STV-ODE 
<latexit sha1_base64="DiNvpSugnQtAxULm7Zdg1UfCRbU=">AAACDHicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIloGBbFMwDwgWcLsZDYZMju7zNwVwrKlhY2/YmMREVs/wM5v8CecJBYx8cDAmXPu5d57vEhwDbb9ZWWWlldW17LruY3Nre2d/O5eXYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uB77jXumNA/lHQwj5gakJ7nPKQEjdfKFdkCgT4lIbtKOPMOz36TNpQ/D1FTZRXsCvEicX1IoH46q3w9Ho0on/9nuhjQOmAQqiNYtx47ATYgCTgVLc+1Ys4jQAemxlqGSBEy7yeSYFJ8YpYv9UJknAU/U2Y6EBFoPA89UjnfV895Y/M9rxeBfugmXUQxM0ukgPxYYQjxOBne5YhTE0BBCFTe7YtonilAw+eVMCM78yYukfl50SsVS1aRxhabIogN0jE6Rgy5QGd2iCqohih7RMxqhV+vJerHerPdpacb67dlHf2B9/ABxrJ+Z</latexit>

Fn,F1

described by convergence/existence Thms
<latexit sha1_base64="VtlN5LA49nqbALtV0BWl2miiWWA=">AAAB8nicbVBNS8NAEN3Urxq/qh69BIvgqSQeqhexKIjHCvYD0lA22027dLMbdidCCf0ZXjwo0qv/w7sX8d+4aXvQ1gcDj/dmmDcTJpxpcN1vq7Cyura+Udy0t7Z3dvdK+wdNLVNFaINILlU7xJpyJmgDGHDaThTFcchpKxze5H7rkSrNpHiAUUKDGPcFixjBYCS/E2MYEMyz23G3VHYr7hTOMvHmpHz1YV8mky+73i19dnqSpDEVQDjW2vfcBIIMK2CE07HdSTVNMBniPvUNFTimOsimkcfOiVF6TiSVKQHOVP09keFY61Ecms48ol70cvE/z08huggyJpIUqCCzRVHKHZBOfr/TY4oS4CNDMFHMZHXIACtMwHzJNk/wFk9eJs2ziletVO/dcu0azVBER+gYnSIPnaMaukN11EAESfSEXtCrBdaz9WZNZq0Faz5ziP7Aev8B2wCUpA==</latexit>

F

<latexit sha1_base64="DiNvpSugnQtAxULm7Zdg1UfCRbU=">AAACDHicbVC7SgNBFJ2NrxhfUUtFBoNgIWHXIloGBbFMwDwgWcLsZDYZMju7zNwVwrKlhY2/YmMREVs/wM5v8CecJBYx8cDAmXPu5d57vEhwDbb9ZWWWlldW17LruY3Nre2d/O5eXYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uB77jXumNA/lHQwj5gakJ7nPKQEjdfKFdkCgT4lIbtKOPMOz36TNpQ/D1FTZRXsCvEicX1IoH46q3w9Ho0on/9nuhjQOmAQqiNYtx47ATYgCTgVLc+1Ys4jQAemxlqGSBEy7yeSYFJ8YpYv9UJknAU/U2Y6EBFoPA89UjnfV895Y/M9rxeBfugmXUQxM0ukgPxYYQjxOBne5YhTE0BBCFTe7YtonilAw+eVMCM78yYukfl50SsVS1aRxhabIogN0jE6Rgy5QGd2iCqohih7RMxqhV+vJerHerPdpacb67dlHf2B9/ABxrJ+Z</latexit>

Fn,F1 describe the asymptotics
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- Could this theory apply to Big Bang Cosmology?
- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?



Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?



Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?
- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

(Dark Energy has its own “center”…where the 
cosmological constant is on order of the 
classical energy density of matter…

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

…we argued this is the hallmark of a “fudge 
factor”…what you expect to see when you try to 
add a parameter to the equations in an attempt 
to fix what is actually an incorrect solution of the 
original equations…?)

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

(Dark Energy has its own “center”…where the 
cosmological constant is on order of the 
classical energy density of matter…

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

- Could accelerations come directly from the BB?  

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

- Could accelerations come directly from the BB?  

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

…just like k<0 Friedmann comes from BB?

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

- Could accelerations come directly from the BB?  
…instead of a length scale of later fluctuations?

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

- Could accelerations come directly from the BB?  

- If Big Bang were generic, then n=2 corrections to 
velocity and density go to infinity as           …   <latexit sha1_base64="B2IvuKKNzDFsNOWg5FC2nuG67FM=">AAAB7HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFpC+1QMmmmDc0kQ3JGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnCgV3IDnfTuFpeWV1bXiuruxubW9U9rdqxuVacoCqoTSzYgYJrhkAXAQrJlqRpJIsEY0uB7njXumDVfyDoYpCxPSkzzmlIC1AmiD8jqlslfxJsKL4M+gfPnhXqRvX26tU/psdxXNEiaBCmJMy/dSCHOigVPBRm47MywldEB6rGVRkoSZMJ8MO8JH1uniWGn7JOCJ+7sjJ4kxwySylQmBvpnPxuZ/WSuD+DzMuUwzYJJOP4ozgUHh8ea4yzWjIIYWCNXczoppn2hCwd7HtUfw51dehPpJxT+tnN565eoVmqqIDtAhOkY+OkNVdINqKEAUcfSAntCzI51H58V5nZYWnFnPPvoj5/0HB5GR1w==</latexit>

t ! 0

…instead of a length scale of later fluctuations?

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

Copernican Principle?Then      a physical center…   
<latexit sha1_base64="Il5ZZVq4IbONcg+tYxos2G6ps2A=">AAAB7nicbVC7SgNBFJ2Nr7i+opY2g0GwCrsW0UYM2lhGMA9IljA7uZsMmZ0dZmbFsOQjbCwUsbDxT+xtxL9x8ig08cCFwzn3cu69oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqKNRowhPVDIkGzgTUDDMcmlIBiUMOjXBwNfYbd6A0S8StGUoIYtITLGKUGCs12nBvM3SnUPRK3gR4kfgzUrz4cM/l25db7RQ+292EpjEIQznRuuV70gQZUYZRDiO3nWqQhA5ID1qWChKDDrLJuiN8ZJUujhJlSxg8UX9PZCTWehiHtjMmpq/nvbH4n9dKTXQWZEzI1ICg06Ao5dgkeHw77jIF1PChJYQqZnfFtE8UocZ+yLVP8OdPXiT1k5JfLpVvvGLlEk2RRwfoEB0jH52iCrpGVVRDFA3QA3pCz450Hp0X53XamnNmM/voD5z3H/+5kwQ=</latexit>
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Final Questions/Comments

- Could this theory apply to Big Bang Cosmology?

- Could accelerations come directly from the BB?  

- If Big Bang were generic, then n=2 corrections to 
velocity and density go to infinity as           …   <latexit sha1_base64="B2IvuKKNzDFsNOWg5FC2nuG67FM=">AAAB7HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZF+pGLLpxWcFpC+1QMmmmDc0kQ3JGKEOfwY0LRVwJvop7N+LbmF4W2vpD4OP/zyHnnCgV3IDnfTuFpeWV1bXiuruxubW9U9rdqxuVacoCqoTSzYgYJrhkAXAQrJlqRpJIsEY0uB7njXumDVfyDoYpCxPSkzzmlIC1AmiD8jqlslfxJsKL4M+gfPnhXqRvX26tU/psdxXNEiaBCmJMy/dSCHOigVPBRm47MywldEB6rGVRkoSZMJ8MO8JH1uniWGn7JOCJ+7sjJ4kxwySylQmBvpnPxuZ/WSuD+DzMuUwzYJJOP4ozgUHh8ea4yzWjIIYWCNXczoppn2hCwd7HtUfw51dehPpJxT+tnN565eoVmqqIDtAhOkY+OkNVdINqKEAUcfSAntCzI51H58V5nZYWnFnPPvoj5/0HB5GR1w==</latexit>

t ! 0

- Could this imply a larger region of thermalization?

…instead of a length scale of later fluctuations?

- Could acceleration away from Friedmann explain 
the “anomalous acceleration” and Dark Energy?

Copernican Principle?Then      a physical center…   
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-In our 2017 RSPA we explored the possibility that a 
self-similar wave at the end of radiation epoch might 
have created the anomalous acceleration today…
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- We derived the STV-PDE to evolve these waves 
to present time to compare with Dark Energy. 
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-In our 2017 RSPA we explored the possibility that a 
self-similar wave at the end of radiation epoch might 
have created the anomalous acceleration today…

- There is a one parameter family of self-similar

- We derived the STV-PDE to evolve these waves 
to present time to compare with Dark Energy. 

- We conjectured: Enormous pressure and modulus 
of genuine nonlinearity might imply decay to non-
interacting wave pattern by end of radiation…
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p =
c2

3
⇢under-dense perturbations of SM when                .



Results: 2017 RSPA

Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z
<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`



Results: 2017 RSPA

(Looking out from the center…)
Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z

<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`



Results: 2017 RSPA

(Looking out from the center…)
<latexit sha1_base64="JWFDdo+BEilNDKzntVqyq7cCYx0="></latexit>

H0d` = z +Q z2 + C z3 +O(⇠4)

Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z
<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`



Results: 2017 RSPA

The n=1 phase portrait determines      and     … 
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

(Looking out from the center…)
<latexit sha1_base64="JWFDdo+BEilNDKzntVqyq7cCYx0="></latexit>

H0d` = z +Q z2 + C z3 +O(⇠4)

Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z
<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`



Results: 2017 RSPA

The n=1 phase portrait determines      and     … 
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

(Looking out from the center…)
<latexit sha1_base64="JWFDdo+BEilNDKzntVqyq7cCYx0="></latexit>

H0d` = z +Q z2 + C z3 +O(⇠4)

Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z
<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`

in the n=2 phase portrait determines    …
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C
<latexit sha1_base64="/Kk747pHupFGgxrVmWlVqhDjAxQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZlZDCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD0CNqw==</latexit>w2



Results: 2017 RSPA

<latexit sha1_base64="WIg/hCfGalc4jUjHfxHLxIrn9r0=">AAAB+XicbVC7TgJBFJ3FF+Jr1VJjJhITq80uCWhJtLGERB4JbMjscIEJsw9nZknIhtK/sLHQGFsbvsPOb/AnHBYKBU9yb07OuTdz53gRZ1LZ9peRWVvf2NzKbud2dvf2D8zDo7oMY0GhRkMeiqZHJHAWQE0xxaEZCSC+x6HhDW9nfmMEQrIwuFfjCFyf9APWY5QoLXVM0yoU2xwecDXtVrFj5m3LToFXibMg+fLptPr9eDatdMzPdjeksQ+BopxI2XLsSLkJEYpRDpNcO5YQETokfWhpGhAfpJukl0/whVa6uBcKXYHCqfp7IyG+lGPf05M+UQO57M3E/7xWrHrXbsKCKFYQ0PlDvZhjFeJZDLjLBFDFx5oQKpi+FdMBEYQqHVZOh+Asf3mV1AuWU7JKVZ3GDZoji07QObpEDrpCZXSHKqiGKBqhJ/SCXo3EeDbejPf5aMZY7ByjPzA+fgAh5JXC</latexit>

.25  Q  .5

The n=1 phase portrait determines      and     … 
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

(Looking out from the center…)
<latexit sha1_base64="JWFDdo+BEilNDKzntVqyq7cCYx0="></latexit>

H0d` = z +Q z2 + C z3 +O(⇠4)

Redshift     vs luminosity distance      : <latexit sha1_base64="09OafSnwdxSOQj/flAakT3y5mUE=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBm0sI5gLJEuYncwmQ2Z2h5lZIS55CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOaHkTBvP+3ZyS8srq2v5dXdjc2t7p7C7V9dJqgitkYQnqhliTTmLac0ww2lTKopFyGkjHFyN88YdVZol8a0ZShoI3ItZxAg21mpkbSXQ/ahTKHolbyK0CP4Mihcf7rl8+3KrncJnu5uQVNDYEI61bvmeNEGGlWGE05HbTjWVmAxwj7YsxlhQHWSTcUfoyDpdFCXKvtigifu7I8NC66EIbaXApq/ns7H5X9ZKTXQWZCyWqaExmX4UpRyZBI13R12mKDF8aAETxeysiPSxwsTYC7n2CP78yotQPyn55VL5xitWLmGqPBzAIRyDD6dQgWuoQg0IDOABnuDZkc6j8+K8TktzzqxnH/7Ief8BuF6S1Q==</latexit>z
<latexit sha1_base64="A4xM8+gx30A4MMQ2Txm7svE2v6U=">AAAB73icbVC7SgNBFL3rM8ZXVLCxGQyCVdi1iJYhNpYJmAckS5idvZsMmX04MyuEJT9hY6GIrYV/4RfY2fgtTh6FJh64cDjnXu69x0sEV9q2v6yV1bX1jc3cVn57Z3dvv3Bw2FRxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84fXEb92jVDyObvUoQTek/YgHnFFtpLbfy7ooxLhXKNolewqyTJw5KVaO69/8vfpR6xU+u37M0hAjzQRVquPYiXYzKjVnAsf5bqowoWxI+9gxNKIhKjeb3jsmZ0bxSRBLU5EmU/X3REZDpUahZzpDqgdq0ZuI/3mdVAdXbsajJNUYsdmiIBVEx2TyPPG5RKbFyBDKJDe3EjagkjJtIsqbEJzFl5dJ86LklEvlukmjCjPk4ARO4RwcuIQK3EANGsBAwAM8wbN1Zz1aL9brrHXFms8cwR9Ybz8r45PG</latexit>

d`

in the n=2 phase portrait determines    …
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C
<latexit sha1_base64="/Kk747pHupFGgxrVmWlVqhDjAxQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZlZDCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD0CNqw==</latexit>w2

Coincidence:   The range of possible values of       is  
precisely the same as in theory of Dark Energy!  

<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q



      and        determine present time at n=1…
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q
Results: 2017 RSPA
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      and        determine present time at n=1…
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q
Results: 2017 RSPA



w

z´ = -3w(4/3+z)
w´ = -(1/6z+1/3w+w²)
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the acceleration parameter of wave at end of radiation…

<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q      and        determine present time at n=1…as well as
Results: 2017 RSPA



Using STV-PDE to evolve the self-similar wave at end 
of radiation up to present time gives prediction…

Results: 2017 RSPA



Using STV-PDE to evolve the self-similar wave at end 
of radiation up to present time gives prediction…

Results: 2017 RSPA

Dark
Energy

Wave
Theory

<latexit sha1_base64="QGK1++1ApSUDbUGOj3D5klDbD08="></latexit>

H0d` = z + .425 z2 � .1804 z3

<latexit sha1_base64="LvTaFH1QttmBF3dvAKbfOA3bBGk="></latexit>

H0d` = z + .425 z2 + .3591 z3



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA
<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0

gives
<latexit sha1_base64="UU5DSGbeB5RLOiLLAWoF8nKbFyw=">AAAB7XicbVDLSgNBEJz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZySQZMzuzzPQK65J/8KAHRbz6P97yN04eB00saCiquunuCiLBDbjuxFlb39jc2s7sZHf39g8Oc0fHDaNiTVmdKqF0KyCGCS5ZHTgI1oo0I2EgWDMY3Uz95iPThit5D0nE/JAMJO9zSsBKjaduuQjn3VzBLbkz4FXiLUihmu9cvEyqSa2b++70FI1DJoEKYkzbcyPwU6KBU8HG2U5sWEToiAxY21JJQmb8dHbtGJ9ZpYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DWhuAtv7xKGuWSVylV7mwa12iODDpFeVREHrpEVXSLaqiOKHpAz+gNvTvKeXU+nM9565qzmDlBf+B8/QDLwZGc</latexit>

z2(t)
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0

gives
<latexit sha1_base64="UU5DSGbeB5RLOiLLAWoF8nKbFyw=">AAAB7XicbVDLSgNBEJz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZySQZMzuzzPQK65J/8KAHRbz6P97yN04eB00saCiquunuCiLBDbjuxFlb39jc2s7sZHf39g8Oc0fHDaNiTVmdKqF0KyCGCS5ZHTgI1oo0I2EgWDMY3Uz95iPThit5D0nE/JAMJO9zSsBKjaduuQjn3VzBLbkz4FXiLUihmu9cvEyqSa2b++70FI1DJoEKYkzbcyPwU6KBU8HG2U5sWEToiAxY21JJQmb8dHbtGJ9ZpYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DWhuAtv7xKGuWSVylV7mwa12iODDpFeVREHrpEVXSLaqiOKHpAz+gNvTvKeXU+nM9565qzmDlBf+B8/QDLwZGc</latexit>

z2(t)
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

gives
<latexit sha1_base64="uPYiqS9DqAZfG4Ob9K6zHI+vVwk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZyWwyZnZmmZlVwpJ/8KAHRbz6P97yN04eB00saCiquunuCmLOtHHdibO2vrG5tZ3Zye7u7R8c5o6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB8GbqNx+p0kyKezOKqR/hvmAhI9hYqfHULRfNeTdXcEvuDGiVeAtSqOY7Fy+T6qjWzX13epIkERWGcKx123Nj46dYGUY4HWc7iaYxJkPcp21LBY6o9tPZtWN0ZpUeCqWyJQyaqb8nUhxpPYoC2xlhM9DL3lT8z2snJrzyUybixFBB5ovChCMj0fR11GOKEsNHlmCimL0VkQFWmBgbUNaG4C2/vEoa5ZJXKVXubBrXMEcGTiEPRfDgEqpwCzWoA4EHeIY3eHek8+p8OJ/z1jVnMXMCf+B8/QDHJpGZ</latexit>

w2(t)
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives <latexit sha1_base64="1INEppqK0xy83Ntz8q1BkyAXDjw=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgViZYhaSwTNA9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/WFl4jfvmdI8kndmFDMvJH3JA06JsdJtpXvZzeWdgjMFXibunORLx7Vv/l7+qHZzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTQuCm6xUKzZNMowQwZO4BTOwYUrKMENVKEOFPrwAE/wjAR6RC/odda6guYzR/AH6O0HoamRFg==</latexit>

C4

<latexit sha1_base64="GgPlh2rQEXlxZDOljrGGdBpfeE0=">AAAB7XicbVDLSgNBEOyNrxhfUY9ehgQhIoRdkegx6MVjBPOAZAmzk9lkzOzMMjMrrCH/4EEPinj1f7zlb5w8DhotaCiquunuCmLOtHHdiZNZWV1b38hu5ra2d3b38vsHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geD31mw9UaSbFnUlj6ke4L1jICDZWajx2z0vmpJsvumV3BvSXeAtSrBY6p8+Talrr5r86PUmSiApDONa67bmx8UdYGUY4Hec6iaYxJkPcp21LBY6o9keza8fo2Co9FEplSxg0U39OjHCkdRoFtjPCZqCXvan4n9dOTHjpj5iIE0MFmS8KE46MRNPXUY8pSgxPLcFEMXsrIgOsMDE2oJwNwVt++S9pnJW9Srlya9O4gjmycAQFKIEHF1CFG6hBHQjcwxO8wpsjnRfn3fmYt2acxcwh/ILz+Q3Oz5Ge</latexit>

z4(t)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0

gives
<latexit sha1_base64="UU5DSGbeB5RLOiLLAWoF8nKbFyw=">AAAB7XicbVDLSgNBEJz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZySQZMzuzzPQK65J/8KAHRbz6P97yN04eB00saCiquunuCiLBDbjuxFlb39jc2s7sZHf39g8Oc0fHDaNiTVmdKqF0KyCGCS5ZHTgI1oo0I2EgWDMY3Uz95iPThit5D0nE/JAMJO9zSsBKjaduuQjn3VzBLbkz4FXiLUihmu9cvEyqSa2b++70FI1DJoEKYkzbcyPwU6KBU8HG2U5sWEToiAxY21JJQmb8dHbtGJ9ZpYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DWhuAtv7xKGuWSVylV7mwa12iODDpFeVREHrpEVXSLaqiOKHpAz+gNvTvKeXU+nM9565qzmDlBf+B8/QDLwZGc</latexit>

z2(t)
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

gives
<latexit sha1_base64="uPYiqS9DqAZfG4Ob9K6zHI+vVwk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZyWwyZnZmmZlVwpJ/8KAHRbz6P97yN04eB00saCiquunuCmLOtHHdibO2vrG5tZ3Zye7u7R8c5o6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB8GbqNx+p0kyKezOKqR/hvmAhI9hYqfHULRfNeTdXcEvuDGiVeAtSqOY7Fy+T6qjWzX13epIkERWGcKx123Nj46dYGUY4HWc7iaYxJkPcp21LBY6o9tPZtWN0ZpUeCqWyJQyaqb8nUhxpPYoC2xlhM9DL3lT8z2snJrzyUybixFBB5ovChCMj0fR11GOKEsNHlmCimL0VkQFWmBgbUNaG4C2/vEoa5ZJXKVXubBrXMEcGTiEPRfDgEqpwCzWoA4EHeIY3eHek8+p8OJ/z1jVnMXMCf+B8/QDHJpGZ</latexit>

w2(t)
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives <latexit sha1_base64="1INEppqK0xy83Ntz8q1BkyAXDjw=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgViZYhaSwTNA9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/WFl4jfvmdI8kndmFDMvJH3JA06JsdJtpXvZzeWdgjMFXibunORLx7Vv/l7+qHZzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTQuCm6xUKzZNMowQwZO4BTOwYUrKMENVKEOFPrwAE/wjAR6RC/odda6guYzR/AH6O0HoamRFg==</latexit>

C4

<latexit sha1_base64="GgPlh2rQEXlxZDOljrGGdBpfeE0=">AAAB7XicbVDLSgNBEOyNrxhfUY9ehgQhIoRdkegx6MVjBPOAZAmzk9lkzOzMMjMrrCH/4EEPinj1f7zlb5w8DhotaCiquunuCmLOtHHdiZNZWV1b38hu5ra2d3b38vsHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geD31mw9UaSbFnUlj6ke4L1jICDZWajx2z0vmpJsvumV3BvSXeAtSrBY6p8+Talrr5r86PUmSiApDONa67bmx8UdYGUY4Hec6iaYxJkPcp21LBY6o9keza8fo2Co9FEplSxg0U39OjHCkdRoFtjPCZqCXvan4n9dOTHjpj5iIE0MFmS8KE46MRNPXUY8pSgxPLcFEMXsrIgOsMDE2oJwNwVt++S9pnJW9Srlya9O4gjmycAQFKIEHF1CFG6hBHQjcwxO8wpsjnRfn3fmYt2acxcwh/ILz+Q3Oz5Ge</latexit>

z4(t)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0

gives
<latexit sha1_base64="UU5DSGbeB5RLOiLLAWoF8nKbFyw=">AAAB7XicbVDLSgNBEJz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZySQZMzuzzPQK65J/8KAHRbz6P97yN04eB00saCiquunuCiLBDbjuxFlb39jc2s7sZHf39g8Oc0fHDaNiTVmdKqF0KyCGCS5ZHTgI1oo0I2EgWDMY3Uz95iPThit5D0nE/JAMJO9zSsBKjaduuQjn3VzBLbkz4FXiLUihmu9cvEyqSa2b++70FI1DJoEKYkzbcyPwU6KBU8HG2U5sWEToiAxY21JJQmb8dHbtGJ9ZpYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DWhuAtv7xKGuWSVylV7mwa12iODDpFeVREHrpEVXSLaqiOKHpAz+gNvTvKeXU+nM9565qzmDlBf+B8/QDLwZGc</latexit>

z2(t)
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

gives
<latexit sha1_base64="uPYiqS9DqAZfG4Ob9K6zHI+vVwk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZyWwyZnZmmZlVwpJ/8KAHRbz6P97yN04eB00saCiquunuCmLOtHHdibO2vrG5tZ3Zye7u7R8c5o6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB8GbqNx+p0kyKezOKqR/hvmAhI9hYqfHULRfNeTdXcEvuDGiVeAtSqOY7Fy+T6qjWzX13epIkERWGcKx123Nj46dYGUY4HWc7iaYxJkPcp21LBY6o9tPZtWN0ZpUeCqWyJQyaqb8nUhxpPYoC2xlhM9DL3lT8z2snJrzyUybixFBB5ovChCMj0fR11GOKEsNHlmCimL0VkQFWmBgbUNaG4C2/vEoa5ZJXKVXubBrXMEcGTiEPRfDgEqpwCzWoA4EHeIY3eHek8+p8OJ/z1jVnMXMCf+B8/QDHJpGZ</latexit>

w2(t)
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C

Conclude:  You need redshift vs luminosity to order 
n=4 to see where you are in the n=2 phase portrait…



In fact, the order of     determines the order of     in 
the expansion of redshift vs luminosity…

Results: 2017 RSPA

so…

<latexit sha1_base64="wq26uuGsGonT+cxi/ywHmvxmVAA=">AAAB6nicbVC7SgNBFL3rM8ZX1FKRwSBYhV2LaBm0sUzQPCBZwuxkNhkyO7PMzIphSWlpY6GIrR+R77DzG/wJJ49CEw9cOJxzL/feE8ScaeO6X87S8srq2npmI7u5tb2zm9vbr2mZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/euxX7+nSjMp7swgpn6Eu4KFjGBjpdvWA2vn8m7BnQAtEm9G8qWjUeX78XhUbuc+Wx1JkogKQzjWuum5sfFTrAwjnA6zrUTTGJM+7tKmpQJHVPvp5NQhOrVKB4VS2RIGTdTfEymOtB5Ege2MsOnpeW8s/uc1ExNe+ikTcWKoINNFYcKRkWj8N+owRYnhA0swUczeikgPK0yMTSdrQ/DmX14ktfOCVywUKzaNK5giA4dwAmfgwQWU4AbKUAUCXXiCF3h1uPPsvDnv09YlZzZzAH/gfPwATHaRhw==</latexit>

⇠
<latexit sha1_base64="xiNJRDs2OjLuv1Gw1tq7ewlFBqU=">AAAB7XicbZC7SgNBFIbPxltcb1FLm8UgWIVdC7URgzaWEcwFkiXMTmaTMXNZZmaFuOQdbCwUsbHwUextxLdxcik08YeBj/8/hznnRAmj2vj+t5NbWFxaXsmvumvrG5tbhe2dmpapwqSKJZOqESFNGBWkaqhhpJEognjESD3qX47y+h1RmkpxYwYJCTnqChpTjIy1ai3Fs/thu1D0S/5Y3jwEUyief7hnyduXW2kXPlsdiVNOhMEMad0M/MSEGVKGYkaGbivVJEG4j7qkaVEgTnSYjacdegfW6XixVPYJ443d3x0Z4loPeGQrOTI9PZuNzP+yZmri0zCjIkkNEXjyUZwyz0hvtLrXoYpgwwYWEFbUzurhHlIIG3sg1x4hmF15HmpHpeC4dHztF8sXMFEe9mAfDiGAEyjDFVSgChhu4QGe4NmRzqPz4rxOSnPOtGcX/sh5/wFgxJKr</latexit>z

<latexit sha1_base64="qEpWjikfrARNu1Rq2uKnJNlMsRk="></latexit>

H0d` = z +Q z2 + C z3 + C4 z
4 +O(z5)

gives <latexit sha1_base64="1INEppqK0xy83Ntz8q1BkyAXDjw=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgViZYhaSwTNA9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/WFl4jfvmdI8kndmFDMvJH3JA06JsdJtpXvZzeWdgjMFXibunORLx7Vv/l7+qHZzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTQuCm6xUKzZNMowQwZO4BTOwYUrKMENVKEOFPrwAE/wjAR6RC/odda6guYzR/AH6O0HoamRFg==</latexit>

C4

<latexit sha1_base64="GgPlh2rQEXlxZDOljrGGdBpfeE0=">AAAB7XicbVDLSgNBEOyNrxhfUY9ehgQhIoRdkegx6MVjBPOAZAmzk9lkzOzMMjMrrCH/4EEPinj1f7zlb5w8DhotaCiquunuCmLOtHHdiZNZWV1b38hu5ra2d3b38vsHDS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geD31mw9UaSbFnUlj6ke4L1jICDZWajx2z0vmpJsvumV3BvSXeAtSrBY6p8+Talrr5r86PUmSiApDONa67bmx8UdYGUY4Hec6iaYxJkPcp21LBY6o9keza8fo2Co9FEplSxg0U39OjHCkdRoFtjPCZqCXvan4n9dOTHjpj5iIE0MFmS8KE46MRNPXUY8pSgxPLcFEMXsrIgOsMDE2oJwNwVt++S9pnJW9Srlya9O4gjmycAQFKIEHF1CFG6hBHQjcwxO8wpsjnRfn3fmYt2acxcwh/ILz+Q3Oz5Ge</latexit>

z4(t)

gives
<latexit sha1_base64="OR/7Rzc5O5ZDGdhapQpt7N7QflY=">AAAB7XicbVDLSgNBEJyNrxhfUY9ehgQhIoRdD9Fj0IvHCOYByRJmJ5NkzOzMMtOrLEv+wYMeFPHq/3jL3zh5HDSxoKGo6qa7K4gEN+C6Eyeztr6xuZXdzu3s7u0f5A+PGkbFmrI6VULpVkAME1yyOnAQrBVpRsJAsGYwupn6zUemDVfyHpKI+SEZSN7nlICVGk9dtwRn3XzRLbsz4FXiLUixWuicv0yqSa2b/+70FI1DJoEKYkzbcyPwU6KBU8HGuU5sWEToiAxY21JJQmb8dHbtGJ9apYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DOhuAtv7xKGhdlr1Ku3Nk0rtEcWXSCCqiEPHSJqugW1VAdUfSAntEbeneU8+p8OJ/z1oyzmDlGf+B8/QDEGJGX</latexit>

w0(t)
<latexit sha1_base64="ouEbTp/ptmcbzrJB+zH76bA/etw=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsUmZoHlAsoTZyWwyZHZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33uPHgmvjOF8os7a+sbmV3c7t7O7tH+QPj5o6ShRlDRqJSLV9opngkjUMN4K1Y8VI6AvW8kc3U791z5Tmkbwz45h5IRlIHnBKjJVuqz2nly84RWcGvErcBSmUT+rf/L3yUevlP7v9iCYhk4YKonXHdWLjpUQZTgWb5LqJZjGhIzJgHUslCZn20tmpE3xulT4OImVLGjxTf0+kJNR6HPq2MyRmqJe9qfif10lMcO2lXMaJYZLOFwWJwCbC079xnytGjRhbQqji9lZMh0QRamw6ORuCu/zyKmleFt1SsVS3aVRgjiycwhlcgAtXUIYq1KABFAbwAE/wjAR6RC/odd6aQYuZY/gD9PYDozeRFw==</latexit>

H0

gives
<latexit sha1_base64="UU5DSGbeB5RLOiLLAWoF8nKbFyw=">AAAB7XicbVDLSgNBEJz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZySQZMzuzzPQK65J/8KAHRbz6P97yN04eB00saCiquunuCiLBDbjuxFlb39jc2s7sZHf39g8Oc0fHDaNiTVmdKqF0KyCGCS5ZHTgI1oo0I2EgWDMY3Uz95iPThit5D0nE/JAMJO9zSsBKjaduuQjn3VzBLbkz4FXiLUihmu9cvEyqSa2b++70FI1DJoEKYkzbcyPwU6KBU8HG2U5sWEToiAxY21JJQmb8dHbtGJ9ZpYf7StuSgGfq74mUhMYkYWA7QwJDs+xNxf+8dgz9Kz/lMoqBSTpf1I8FBoWnr+Me14yCSCwhVHN7K6ZDogkFG1DWhuAtv7xKGuWSVylV7mwa12iODDpFeVREHrpEVXSLaqiOKHpAz+gNvTvKeXU+nM9565qzmDlBf+B8/QDLwZGc</latexit>

z2(t)
<latexit sha1_base64="GerGFeV9On4ijfHpEgFR823XNec=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGY8RI9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuzsrq2vpHdzG1t7+zu5fcPaipKJMMqi0QkGz5VKHiIVc21wEYskQa+wLo/uJn49QeUikfhnR7G6AW0F/IuZ1QbyXXb+YJdtKcgy8SZk0L5eOx+P56MK+38Z6sTsSTAUDNBlWo6dqy9lErNmcBRrpUojCkb0B42DQ1pgMpLp4eOyJlROqQbSVOhJlP190RKA6WGgW86A6r7atGbiP95zUR3r7yUh3GiMWSzRd1EEB2RydekwyUyLYaGUCa5uZWwPpWUaZNNzoTgLL68TGoXRadULLkmjWuYIQtHcArn4MAllOEWKlAFBghP8AKv1r31bL1Z77PWjDWfOYQ/sD5+AJuukIc=</latexit>

Q

gives
<latexit sha1_base64="uPYiqS9DqAZfG4Ob9K6zHI+vVwk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLkCBEhLCbQ/QY9OIxgnlAsoTZyWwyZnZmmZlVwpJ/8KAHRbz6P97yN04eB00saCiquunuCmLOtHHdibO2vrG5tZ3Zye7u7R8c5o6OG1omitA6kVyqVoA15UzQumGG01asKI4CTpvB8GbqNx+p0kyKezOKqR/hvmAhI9hYqfHULRfNeTdXcEvuDGiVeAtSqOY7Fy+T6qjWzX13epIkERWGcKx123Nj46dYGUY4HWc7iaYxJkPcp21LBY6o9tPZtWN0ZpUeCqWyJQyaqb8nUhxpPYoC2xlhM9DL3lT8z2snJrzyUybixFBB5ovChCMj0fR11GOKEsNHlmCimL0VkQFWmBgbUNaG4C2/vEoa5ZJXKVXubBrXMEcGTiEPRfDgEqpwCzWoA4EHeIY3eHek8+p8OJ/z1jVnMXMCf+B8/QDHJpGZ</latexit>

w2(t)
<latexit sha1_base64="2RjwbYBDIapNiEM98nmmyYC94+A=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdi2gjBtNYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvxheZI37lEqHoW3ehSjF9B+yHucUW2sarmTyzsFZyqyDO4c8lcf9mX8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6mcFt1goVp186RpmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf+P6QDw==</latexit>

C

Theorem:        determines whether the Big Bang is 
self-similar like Friedmann spacetimes or not…

<latexit sha1_base64="1INEppqK0xy83Ntz8q1BkyAXDjw=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgViZYhaSwTNA9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/WFl4jfvmdI8kndmFDMvJH3JA06JsdJtpXvZzeWdgjMFXibunORLx7Vv/l7+qHZzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTQuCm6xUKzZNMowQwZO4BTOwYUrKMENVKEOFPrwAE/wjAR6RC/odda6guYzR/AH6O0HoamRFg==</latexit>

C4*



Concluding Remarks

Given our deeper understanding of the radial instability
of Friedmann when p=0…



Given our deeper understanding of the radial instability
of Friedmann when p=0…

- Does the stability analysis extend to radiation epoch

where               ?
<latexit sha1_base64="TN6dQXz6tDPo5qV5lXqteBP7Zfo=">AAAB/nicbVDLSsNAFJ3UV62vqIiIm2ARXEhJKtRuhKIblxXsA5pYJtNJO3QyE2YmQgkBf8WNC0Xc+hniTjdu/Qynj4W2HrhwOOde7r3HjyiRyrY/jMzc/MLiUnY5t7K6tr5hbm7VJY8FwjXEKRdNH0pMCcM1RRTFzUhgGPoUN/z+xdBv3GIhCWfXahBhL4RdRgKCoNJS29yJztxAQJSgm2KanKTusSt6vG3m7YI9gjVLnAnJV8pfb7uf33vVtvnudjiKQ8wUolDKlmNHykugUARRnObcWOIIoj7s4pamDIZYesno/NQ61ErHCrjQxZQ1Un9PJDCUchD6ujOEqienvaH4n9eKVVD2EsKiWGGGxouCmFqKW8MsrA4RGCk60AQiQfStFupBnYbSieV0CM70y7OkXiw4pULpSqdxDsbIgn1wAI6AA05BBVyCKqgBBBJwDx7Bk3FnPBjPxsu4NWNMZrbBHxivP10lmYU=</latexit>

p =
c2

3
⇢

Concluding Remarks



Given our deeper understanding of the radial instability
of Friedmann when p=0…

- Final Question:  Could the anomalous acceleration of 
the universe be due to an acceleration away from 
Friedmann arising directly from the Big Bang, and not 
from a scale of fluctuation in Friedmann created after 
the Big Bang? 

- Does the stability analysis extend to radiation epoch

where               ?
<latexit sha1_base64="TN6dQXz6tDPo5qV5lXqteBP7Zfo=">AAAB/nicbVDLSsNAFJ3UV62vqIiIm2ARXEhJKtRuhKIblxXsA5pYJtNJO3QyE2YmQgkBf8WNC0Xc+hniTjdu/Qynj4W2HrhwOOde7r3HjyiRyrY/jMzc/MLiUnY5t7K6tr5hbm7VJY8FwjXEKRdNH0pMCcM1RRTFzUhgGPoUN/z+xdBv3GIhCWfXahBhL4RdRgKCoNJS29yJztxAQJSgm2KanKTusSt6vG3m7YI9gjVLnAnJV8pfb7uf33vVtvnudjiKQ8wUolDKlmNHykugUARRnObcWOIIoj7s4pamDIZYesno/NQ61ErHCrjQxZQ1Un9PJDCUchD6ujOEqienvaH4n9eKVVD2EsKiWGGGxouCmFqKW8MsrA4RGCk60AQiQfStFupBnYbSieV0CM70y7OkXiw4pULpSqdxDsbIgn1wAI6AA05BBVyCKqgBBBJwDx7Bk3FnPBjPxsu4NWNMZrbBHxivP10lmYU=</latexit>

p =
c2

3
⇢

Concluding Remarks



End
Thank you!!


