
The standard model consists of three gauge theories.
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Or, in the interaction picture,

where

Perturbation theory...
Expand U in powers of 

H1 = - ∫ Lint (x’,t’) d3x’ .
Also, transform to momentum space,

3

Section  4.2: Perturbation Expansion for 
Correlation Functions

Equation (4.31) (familiar from PHY 855)

Correlation Functions
also called Green’s functions, or N-point 
functions

Consider, for example, in the Heisenberg 
picture,



Section 4.3: Wick’s Theorem

Equation (4.38).

T{ φi(x1) φi(x2) φi(x3) … φi(xm) }

= N{ φi(x1) φi(x2) φi(x3) … φi(xm)
 + all possible contractions }

Corollary. A contraction is the propagator 
of the contracted fields.

Corollary. 

〈0| T{ φi(x1) φi(x2) φi(x3) … φi(xm) } |0〉

        = the sum of all complete contractions

4

Section 4.4: Feynman Diagrams

Feynman Rules for correlation functions 
in coordinate space
Combining perturbation theory for U(T,-T) [Eq. 4.31] and 
Wick’s theorem [Eq. 4.38], we calculate fully contracted 
correlation functions (G) in the interaction picture.
Later we will convert that to a transition probability 
amplitude (M ) and then a reaction cross section 
(dσ/dΩ).
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 1st diagram = 
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Feynman Rules for correlation functions 
in momentum space

p3
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∴   1st diagram = 

1st diagram = 
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But now we need Feynman Rules for 
transition probability amplitudes .

First, how are transition amplitudes 
related to correlation functions? 
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How are N-point functions related to 
transition probability amplitudes?

Section 4.5 : Cross Sections and S-Matrix 
Amplitudes

Section 4.7 :  Feynman Rules for 
Fermions

Section 4.8 : Feynman Rules for QED 


