
The electron self-energy effect

The Dirac propagator in free field 
theory

Now consider Q.E.D.
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Rewrite the Lagrangian density as

and treat ...
the 1st line = the unperturbed theory;
the 2nd line = the perturbation theory

Let  Σ(p)  be the sum of all one-particle 
irreducible diagrams
Then
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The electron propagator
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First-order perturbation theory for Σ
(p)

The Feynman diagrams are

These give the function

Evaluation of Σ(p)

● Combine the denominators using the 
Feynman integral formula.

● Complete the square for the 
momentum in the denominator, and 
change the variable of integration 
from km to lm.

● Wick rotation

● Regularization (we’ll use Pauli Villars 
regularization)

● Write Σ(p) in the form given earlier, i.
e., in terms of aa bb and Σc(p).
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Separate the divergent and convergent parts



The mass renormalization The propagator
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The charge renormalization
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The Lamb shift

     =

                
1              − β                        −C 

p − m        p − m          (p − m)  (p − m)  .       +                  +
/                 /                     /              / 

Bethe showed how this change in the 
electron dynamics affects the energy 
levels of hydrogen 


