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Exercise 13

1. Dirac algebra in D dimensions

Starting from the anti-commutation relation of the Dirac matrices deduce the fol-

lowing identities for γ-matrices in D dimensions

γµγµ = gµµ = D ,

γµγαγµ = − (D − 2)γα ,

γµγαγβγµ = (D − 4)γαγβ + 4gαβ ,

γµγαγβγγγµ = − 2γγγβγα − (D − 4)γαγβγγ ,

γµγα0 . . . γαnγµ = (−1)n+1Dγα0 . . . γαn

+ 2

n∑

i=0

(−1)iγα0 . . . γαi−1γαi+1 . . . γαnγαi .

2. QED at one–loop

(a) Calculate the QED electron self–energy diagram

Σ(p) =

in Feynman gauge. What follows for the corresponding QCD diagram?

(b) Evaluate the vacuum polarization diagram

Πµν(p) =

in QED. What is the corresponding fermion loop contribution in the QCD

case? Which additional diagrams contribute to the one-loop QCD vacuum

polarization?

Remarks:

When writing down the expressions of the matrix elements neglect the external

spinors or polarization vectors. Evaluate the occurring integrals in D = 4 − 2η

dimensions and simplify the denominators by introducing Feynman parameters ac-

cording to exercise 6. The finite Feynman parameter integrals do not have to be

evaluated, rather the results are to be expanded around η = 0 to work out the poles

of the two contributions.


