
Quantum Fields—from the Hubble to the Planck Scale Selected Solutions

10.8 Gauge boson propagator in axial gauge.

The axial gauge condition is nµAa
µ = 0 where n is a fixed vector. a.) Show that the

Fadeev-Popov term is independent of Aa
µ and, thus, can be absorbed in the normalisation

of the path integeral. b.) Derive the gauge boson propagator using

Lgf =
1

2ξ
(nµAµ)

2

as the corresponding gauge-fixing term.

missing: c.) Derive the gauge boson propagator in Coulomb gauge and split the result into a

transverse, longitudinal and Coulomb part.

0.) It may be useful to recall the case of the Maxwell equations. Choosing in ∂µF
µν = ∂µ(∂

µAν−

∂νAµ) = �Aν − ∂µ∂
νAµ = jν a covariant gauge as e.g. the Lorenz gauge ∂µA

µ = 0 reduces the

d.o.f. by one to three. We can still add to the potential Aµ any ∂µχ satisfying �χ = 0, setting

e.g. A0 = 0, giving ∇ ·A = 0. Now we have only 2 d.o.f., but explicit Lorentz invariance is lost.

This choice is with nµ = (1, 0, 0, 0) a special case of the axial gauges.

a.) We have to evaluate

det

(

δga

δϑb

)

∏

x,a

δ(ga)

for the gauge condition ga = nµAa
µ = 0. An infinitesimal gauge transformation leads to

δga = δ(nµAa
µ) = −nµDac

µ ϑc = nµ(δac∂µ − gfabcAb
µ)ϑ

c = nµ∂µϑ
a ,

where we used nµAa
µ = 0 in the last step. Thus the Fadeev-Popov Lagrangian is independent of

the gauge fields,

LFP = −c̄
∂G

∂ϑ
c = −c̄nµ∂µc ,

and changes only the normalisation of the generating functional.

b.) We have to consider only the quadratic terms, thus the non-abelian terms play role, and we
suppress the group index a.

Leff = Lcl + Lgf =
1

2
Aµ(η

µν
�− ∂µ∂ν)Aν +

1

2ξ
Aµn

µnνAν =
1

2
AµP

µνAν .

The propagator Dµν has to satisfy

PµνD
νλ(x− y) = δλµδ(x− y) .

FT gives Pµν(k)D
νλ(k) = δλµ with

Pµν(k) = −ηµνk2 + kµkν +
1

ξ
nµnν .
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Plugging the tensor decomposition

Dµν(k) = Aηµν +B(nµkν + nνkµ) + Ckµkν +Dnµnν

into the ansatz and comparing the coefficients leads to

A = −
1

k2
, B = −

1

nk

1

k2
, C = −

n2 − ξk2

(nk)2k2
, and D = 0 .

Thus the gauge boson propagator in axial gauge is given by

Dµν(k) =
1

k2

[

−ηµν +
1

nk
(nµkν + nνkµ)−

n2 − ξk2

(nk)2k2
kµkν

]

.
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