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Consider the general process for two-particle scattering : 

a+b → 1+2+…+n

• States normalization : in NRQM usually one takes 1 particle per 

unit volume. For KG solutions :

• Usual prescription (covariant normalization) : 

2E particles per unit volume
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The general expression of the cross-section reads :

• is the flux factor (number of incident 

particles per unit area reaching the target per unit time ×
number of target particles) with normalization at 2E particles 

per unit volume.

• is the final state available phase space (for one     

particle in a volume V with a momentum in d3p

one has the usual expression : 
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• is the transition rate per volume unit. It 

is the part containing the physics of the interaction processes.

Each diagram’s line is associated with a normalization factor Ni

(i=a,b,1,…,n) which induces an overall factor : 

balancing the contributions of the flux and the phase space => 

the cross-section is independent of the normalization volume!
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Application : Rutherford scattering formula (2+2 process => n=2). 

• Flux factor :

where the Mandelstam variable s has been used

• 2-bodies phase space :                                          
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Application : Rutherford scattering formula (2+2 process => n=2). 

• Transition rate :

• Mandelstam variables :

• In the LAB frame (target at rest)  
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Application : Rutherford scattering formula (2+2 process => n=2). 

• “Classical” case : a is a light particle (negligible m), 1 at rest 

initially => use of the LAB frame

• With the fine structure constant

one gets the standard Rutherford formula : 
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Question : how one computes the transition rate 

?
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• Classical theory : transition amplitude (covariant expression) 

from initial (i) to final (f) state under the action of a 

perturbation potential V.

• 1st order K.G. potential :

• Integrating by parts introduces the transition current :
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• (i) and (f) are taken as free particle solutions :

• Inserting the free particle solutions leads to
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• Consider the process : 

The intermediate field is no more a free particle 

field but is induced by the motion of the bottom 

part of the diagram.

The Aµ field is given by the photon propagation 

equations in presence of a source :

• The current is given by :
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• The previous expression allows to compute the Aµ field :

• Replacing this expression in the matrix element :

• Namely :
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Summary : “reading” a Feynman diagram

• The basic elements of a diagram are :

- the external lines

- the vertex operator

- the internal lines or propagators

with the transferred momentum : 14
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Including fermions into the game: same procedure 

⇒ matrix element reduced expression

⇒ with a current given by (see lecture on Dirac’s equation) :

⇒ N.B.  to be compared with the spinless case : 
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Feynman rules for QED:

• External lines:

- fermions =>

- anti-fermions =>

- spin-0 bosons =>

- photons =>   
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Feynman rules for QED:

• Propagators:

- fermions =>

- spin-0 bosons =>

- photons =>   
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Feynman rules for QED:

• Vertices :

- fermions – photon =>

- spin-0 bosons – photon =>
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