
Pauli H±§
.

aI*[f÷n
-

n÷B⇐t*e]a*i.

B.It

=§ata[E⇒¥]a;.

t.CI
+ §aat↳[ Bi. n¥(⇒]a ...

=§&±&.aIa*

- SEED

Eaossfirsotdo
CSFFI : z=fDhtpDe

*
Bir

step ]=§§§4I.nEiwn+5 .

- r±fEo]4a.n

Ziattwfdttamik.Deap{ a
a. nfiwnts .

. r÷Br]4 ... } teams,

Integral : remember that fate,nDe*4=(pc)→



For fermions . Grassman integral :

feuding;pfdeea.io?g=.eefd4d7uYin in w

pd9dY 1- too -40

=

fcfd0ifdYYVT-fcixsoZ-aTt.nC.etiwntsa-r.IrDynw@Eiwntsa5nEfDFs-TEnenGTtiwnts.T

.no?fDsnsupsibitdg:x=2BM..na.!gea.gfs5ts..=tfEn#+gaj

Perform Matsubara sumo using useful formulae
...



Electron . phonon coupling ( 4. 5.7 )

Hpa = §§ wgantgjaqg

Tateno vibrations induce a local + we charge given by
polarisation operator through p.m. = f. P

P

P ~ w ~ at + a
" displacement

"

of ions

Coupling better e 's & Plant

£ga+a+~&+FHee
. pen

= 8 Jahnin (a) T.ir (a)godensity of e 's £+8

:4



- See - Speiser . perPartner : z=JD[ aid

JDH.be9 q
"

fore
'

foophevod
( bosons )

Spa = -20T fiwntyjo go.ge#4ttoHB44
+ Eat

Sd . per
= { VTY ( & to )

~
e

Phenom integral : Gaussian → integrate outlhophooos!

→ generates effective interaction between fermions

Z=fD[ ED e- Seated

Sµ= See - j2 @Hand



Perturbation theory a

Toyintegab : I( g) =fd¥,j¥9×
"

→ one

.ca?xwg=Os
OK

For small
g ,

expand I( g) = ¥ gnIm

Coefficients explicitly given by gn±n= Candy .↳8E⇐I¥x÷

Exact calculation :< X "n>=(4n. ,) ! ! =tndrx"
n

> ok
,

← Gmt )( 4mg ) ...

see notes

iaouatogotlhis :
consider II=fghs←e→%= 'fa ←

Take JAIL :
 ~ sxa > 8-



Let 's estimate : gnIneegJ@IDt.t n ! =Njnµ+⇒
m ! &

Use Stirling : lmw ! = Newt - N t
.  .

. for N eaege

→ gntn~c.gg#jnemjk
⇐

"

nt¥o÷y
nn of OLD

Potunbatumoheoiy canst converge !
•

Foy ,
Z ns.t

. n ~ Yg ,
at which

the series starts to diverge .

Best strategy: truncate series at order ~ Yg •

ask.tw#....;eKn~Yg
•



patrolSinpeo example : P "

theory §
Z=fD$eis↳3 s[$]=fd&xEto5tnfot+goi]

Case g=0 is Gaussian → exactly solvable
.

→[&]
Standard notation : < . . . ) I BBC.de

←$e→[&]
Also : { . a.)

.

=

fDo1G.dzsoGDCovwlatianfnssf@sdS5Slg.o

< Akkad .
. .$KnD=Cn(X . ,

... ,Xn)



Most important : 2- pt Fo C. ( a
, ,x⇒ = G ( 2

,

- a.)
9

F of position difference
Bosio calculations

.

2- pt ff of Gaussianmaybe to translational iw
.

Introduce FT :

01 (xD =l[µ.,§E*→4p d : dining
space

Action : becomes
so [ D= §

ftp.CP?ni)QpFsap
~

"

so :< * a) as > = G. (xD = 'a§*,

e. "

4*4*7
.

from Gaussian integral : { 4p&&Do = S

ftp.pptfmsos.txs.EEinapt # fI÷aeg!÷n
,



This is called a Green 's function ,
because it satisfies

[-21+-2] Gcc . ⇒ = Steris



Perturbation theory at low orders

s = S
.

+ sing
...

gftxyotto
9

Generic object in PT < ×[$] ) = I
fnIdXGDSionZE.EYhsFoZkcoCxsoCxDy-soCxDoaIDo-gfddyfdcxsoYyso@D.t

offtakes #
oitspoipgpoap

-
1- gfddy <ftp.tffdyibg.soyy.jmyd7.tn .



Pictorial trick : use drawings to represent
individual terms in series expansion ,

Basie elements :

§ me comment before this :* calculating Gaussian averages

Look a. g.
at HGH

"

(g) 4th 'D .

Nick 's theorem ... average of a product of fields
,

is the product of patronise averages ,
summed over

old pairings .

< 4,42434*2 = HAD .SI#ibts&.abH.4Do
+ to ,$n>oH .fi .

so < oltxsp "CDp(xyz=3<4624022 @amid>D
'

+ i2sotD4tyDo< Hadad )
. }$td&G' Do



Representa Go ( x. . g) =L today )z as ×•-•y
interaction term gottenas /q\

To first order :
.

t

g- 1;\ ÷ → 3 ;-] , •& + a •-•§-; ,

Second order :

5 •X •X -; ,

→
;→× ,

•8 of + F; ,

O••D⇐
.

9  
=

+ ;-;•u•@ + ;.A; It ;-£•×,

to s=l6 5=4

+ ;-•#→× ,
+  

•→-I→

5=6
9 t 95=4

m Crown
" ⇒

Coefficients : use
"

symmetry factor
"

coefficient here

:'(
4 %



Linked cluster theorem : only connected diagrams
appear in series expansion Gov correlates

<acx*vD={•.→t.FE.to
. +

.→&&+←;Eo+t
}

-

{ 1 + Bt 88+ .§.

+
. ... }

=  

•-•[1tq
+ 8. 8. +

§t
. . .]td•[1t ... ]

-

[ 1- t 8. + 8. 8. + § + ... ]
=  •-• +  •D-• + only connected terms



Feynman rules :

To compute the order n contribution to

a given correlate
,

• for each operator 01 (X
. )

,

drawn qT
• drawn n copies of interaction vertex X• y ; jsl ,

... ,n

• dram all topologically distinct connected diagrams
by joining lines poivouiso

• integrate all y ;

• put praefaitoo an each term using division by
symmetry falter ( times @IT in

our cemented


