
• For the full GF of an interacting system
with It = Ho + V ,

this equation of motion reads as
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- The additional term Mct-1-4 is quartic in the an
- operator

and taus represents a two - particle
correlation function

.

This is a
direct consequence of

-

the non - lioncar

Heisenbergequations of notion for deal .
• Foundation of perturbation theory : The 2n - particle correlation

functions appearing
at n - th order in V as fret expectation values,

can be factorized into products of n single particle GF, using
Wick 's theorem

.
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1. a Basic concepts of zero temperature perturbation theory

• At F- 0 , equilibrium expectation values are to be evaluated

in the ground state IE .> of the system (with HAE.> = E. IED!

↳ Fundamental problem :
For It = Hot V

,
LEO> is in general not known .

↳ Solution : Switch on
interactions adiabatically between 1-= --

and 1- =D
,
and off between 1- = o and F- to .
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- Ho
,
and IE.) may be adiabatically→ Thee ,

lion

connected to to> (with Holo> = Ei 10 > ) during this procedure.
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and equivalently idyll , It ,tY= Vict ) U ☐
Hit
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, for the density matrix g.
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• From now on ,
we will by default work in the Dirac rep . yL
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• Gell-Mann - Low theorem for adiabatic switching :
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order perturbation theory of a :(o , - a)
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it

is an eigenstate of It , and thus the ground state of It in

the absence of level crossings during the adiabatic switching .
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• Causal Green 's function Gclsyt , ✗
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- Goal : Use adiabatic switching to simplify < E. I . . - IED

expectation
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- Back to causal GF :
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→ p - th order
terms contain Lol . . -10> expectation values

of (40+2) field operators (assuming quartic
V) . How to

simplify these expressions ? → Answer : Wick 's theorem .



• Wick 's theorem : ( Dic union for Fermions (harder case1)

E) Normal ordering and Fermi Vacua

- Annihilation operators with respect to a vacuum defined by 8×107=0 .

- Example Fermi sphere ( spin neglected)

diet to> = 0 VTKKKF

dk 105--0 fun>k, }
⇒ 8k = {

"± ilkkke
dk

,
1kt > KF .

- Normal ordering for this simply means
that all 81 's stand to

the left of the 's .

↳ Examples : NHK, VI. 8k ,) = 1-118kt 8k, the, = ¥-8k , 8k, =
= NIKE 8k

,
8m ) = - N ( 8k , Kirk ,) .

↳ Every permutation of neighboring Fermi operators gives a
"
- sign

"

.

Often Nl . . . ) is denoted by ÷ . . . :
.




