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Problem 8.1

The BRST operator Q of a non-Abelian gauge theory is defined by the action

QAa
µ = ∂µc

a + gfabcAb
µc

c ,

Qψ = igcataψ ,

Qca = −
1
2
gfabccbcc ,

Qc̄a = Ba ,

QBa = 0 ,

where Q anticommutes with the ghost fields, i.e. Qcacb = (Qca)cb − ca(Qcb).

a) Show

Q2 = 0 .

b) Show

Ba∂µAa
µ − c̄a∂µ(Dµc

a) + ξ

2
BaBa = QX ,

and determine X.

Problem 8.2

Consider

Sint = gfabc

∫

d4x(∂νA
a
µ)AνbAµc .

a) Give Sint in Fourier space by using Aµ(x) =
∫

d4k
(2π)4

e−ikxÃµ(k) and show

Lint ∼ δ(k + p+ q)Ãa
µ(k)Ãb

ν(p)Ã
c
ρ(q)D

µνρ
abc

for Dµνρ
abc = gkνηµρfabc.

b) Use the antisymmetry of fabc to show that Dµνρ
abc can be rewritten as

D
µνρ
abc = 1

6
gfabc

(

(k − q)νηµρ + (p− k)ρηµν + (q − p)µηρν
)

.



Problem 8.3

a) Compute the one-loop fermion propagtor correction Σ2 in a non-Abelian gauge theory

with massless fermions using the Feynman gauge for the gauge boson propagator.

Hint: Prove (and use) tbtatb = (c2(r) −
1
2
c2(G))ta.

b) Compute the divergent part of the two diagrams

+

in a non-Abelian gauge theory with massless fermions in the limit that the loop momentum

is much larger than any of the external momenta.


