
COHERENT STATE
K

minimum

- quantum state obeying
classical Eom

Application LASE
-

-

R

-

straight
line

trajectory

EXAMPLE : Harmonic Oscillator

H = Elp - t g
')

=
t (Nt 's )

There N = ata
,
[a , at]=/

J
Number operator



Vacuum lo ) =Lare ian
⇐

Wavepacket

Energyeigenstates
in > = #Into>

nm
.

Obey Lnlm> = 8mm

Hln ) = Afn +E) In>

Resolutionofunity

§ lnxnl = Id
A R
H
't

th



Let Z E Q and conside- I

zat
Iz> := e lo )

Dh ich is an a - eigenstate b/c
a Iz) = [a, etat]to> = zeZht/o> = zIz)

Unitary evolution
-izHtIz )Iz ft)) = e

- i(Nt E)t
e

-2at

yo >
= e

Lemma
-

e-
int

flat) eiNt=f(e- itat)

Roof e
- intat @

int
=

I

Nat = at(Ntc)



= at e
- iCNtht

e

- int
= e-
it
at 4L

Similarly, intake int
= e-

'
'Nt
at e
int

. . . .
e- into +

e

int

b - times
- iht

t k
= e a D

Because w/o> = O ,

e.

IN t
go > = 107

Then a

lzctD-e.tt/e-itz#
↳ coherent@ evolution



Chastens z = n tip ⇒
E

n Ct) = Re 2-Ct) = x costtp -sint

Pct) = Im 2-Ct) =p
cost - nsi-E

Propagatormmmm

Z

P
. =f7II

The function
K(z

,
z
'

; t) := <z
'

I e-
IHtha ,z>

is called the (coherent state)

propagator .

Observe

¥z I-27 = doze
2-at
lo> = at,⇒



2- Iz) = [a , e
"
t

)to > = a Iz#

⇒ iffy
.

K = Lz't e
-
itHtt H Iz)

= Lz
'

fe
- it'th
(ata+z) I⇒

= (Izz +E) K

⇒ Thepropagate- K

obeysthe,§hridin-

guano;
@

e-

mm

Remarry In QFT the

propagator Tout/e
- itzt,in >

as t→ o is caked the S-matn#



Refuteof its 7L

Claim

I = JdEdz_ Izz e-
I

,
25i

Beef: DEDE = aidandy
= 2i rdrdo

e-
EZ
= e-
4494

= e

- r
Z

n

Itxzl = &mEZ In Xml
omen

.

ntm i (m-n)a
= E

,

r e lnxml
n ,
m-

%!

do eicm-NO= 258mm
O



Orchestrating 8L

RHS=L#g)r2n-11e-
r
'

In my
lnxnl

= §[u÷i
"

lnxnl

-

I

= Id D

Pathinteg
Claim E

Zi



Quantump
- opagates
I

I hence probability is
obtainedby integrating
over all paths connecting
2- I z

' with a suitable

measure .

idea (Feynman), split
large time quantum
evolution intoinfinitesimal
pieces &

concatenate
,

exp fifty - e-it. . . e-
III
-
N times

at IN Foo



Dice : Lmall time evolution
C

controlledby classical
action pain eiple!

G- ' I e
-iftIz)

= Lz 't (i - itf) Iz )
= Lz

' / (i - i Cata +E)
at

T f-
)127

Harmonic
oscillator

= Lz
'

Iz >(i-
iCEZt's )atF)

- i (E
'

z tE)Ot
= Lz

'
Iz ) e [
J classical

exp(
"Liouvillefont) Hamiltonian

P
-
t

g
2



Rezark The relation
±

(z
'

I II IZ ) = Haas, Cz
'

.z)

only holdsfor
"

free
"

theories

⇒ in general get
Harass + Ce Cti)

Rufounter
Items

"

no cf. Quantum
-

Field Theory

Trick Insert resolutions
of unity to concatenate
Dirac result



Recall I = fu, Iz;) e-
Ziti
⇐IF

sothat

Kfz
'

, Zjt) = n

- iHot

fu , - -june,
⇐ let Izu , >

I e- En-Fr- i ftp./ - - -

[f) - ittot
File F lZi-i )

x e

- Ei
-i Zi-i - - .

e-
⇐Ez.ie Tz

,

- iHate.tn-i) - EN-I ZN,
I fly ] G-Izu-De

. . . e- Ez, e-
iHate,#of
f- Lz

,
he>



E.

Note that

⇐ ' Iz) = Lol e€a+eZ a log
=m.sn Lol at ma

"

to >

x E
' m

z
n

= m&a dm
,
n
m !E'm
m! n !

=
exp (Iz)

Orchestrating
Klziz; t) x Sqn) x

e.

(E- En- i ) z - hi Hee LE, zu-hot



x e
'En- i - En-2) ZN-c - Helene, Zealot

<

"

× @
CEE.) Z - iz HeeE. .H EEZ

A-picture
Nim

IZ'>
17,7

¥:-#it12-27

- As N→ a
Lit -- I approximateN

Zz- F ZCT) E Q

TE [o, t )
.



Also (Ei - Ii-Dza. = Eiof 2-iot
I E-(E) z CT ) IT

%i,z;tThy]expizLhhh]
J

integration
overpaths (
ftom z to z

' PATH

There - INTEGRAL

L = Got I z - Hoelzel,EED)dt
What does an integration
over paths mean 2.

How to compute path integrals ?



SEMI- CLASSICAL APPROXIMATION
rumrunner

given Lagrangian
L (xLtd) where

X : I→ if

I
+

targetworldline
space

FEE
XIII

We "define
" the quantization

of L by a path integral

keitxgie.it#ix..s=iIiaxyeitfI
T

Paths from Xi to Xf



Suppose that YCEI extremes
L

.

t.ee. dy
,

L (Yltltsztt))I = o
S =0

Then

Litz) -- Ll's -1 015)

Thus

Kfi -e fgdz]eil4YtH
- LAD

T t
Dirac 's leading Handleperturbative
approximation y
J

GRAPHICAL EXPANSION



FEYNMAN GRAPHS
rumrunner


