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1

Slavnov operator

BRST transformations of any field φ can be expressed as φ → φ + θQBRS φ, where QBRS is known as
the Slavnov operator and θ is a Grassmann number:
QBRS φi = igca Tija φj ,
QBRS Aaµ = Dµ ca ,
1
QBRS ca = − gf abc cb cc ,
2
1
QBRS c̄a = − ∂ µ Aaµ ,
ξ

(1)

for matter, gauge, ghost, anti-ghost fields, respectively.
a) Show that the BRST transformation of any of the QBRS φ, QBRS Aaµ , . . . vanishes, i.e. the Slavnov
operator is nilpotent Q2BRS = 0.
b) Show that a nilpotent operator that commutes with the Hamiltonian divides its eigenstates into
three subspaces.
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Axial gauges and QED ghosts

The axial gauge fixes nµ Aaµ = 0 with nµ a 4-vector and gauge-fixing parameter ξ.
a) Derive the axial-gauge non-Abelian Lagrangian including gauge-fixing and ghost terms.
b) Derive the corresponding form of the gluon propagator (in momentum space) and show that the
ghost fields decouple.
c) Consider the gauge choice G(A) = ∂µ Aµ + λAµ Aµ in QED. Derive the photon propagator (in momentum space) and the Feynman rule for the ghost-photon interaction.
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Generalized Maxwell equation

a) Show that the gauge-fixed Lagrangian
1 a 2
ξ
L = − (Fµν
) + ∂ µ Aaµ B a + (B a )2 − c̄a ∂µ Dµ ca + LM (φi , Dµ φi )
4
2

(2)

is invariant under the global symmetry that corresponds to space-time independent gauge transformations. Note that under such a symmetry, Aµ , B, c and c̄ all transform in the adjoint representation. The
1

matter Lagrangian is taken to be invariant. Note also, that B is an auxiliary field, i.e. it does not have
a kinetic term.
b) Derive the EOM for the gauge field and determine the Noether current Jµa associated to the aforementioned global symmetry.
c) Arrive at the generalized Maxwell equation
a
∂ ν Fνµ
+ gJµa = i{QBRS , Dµ c̄a } ,

(3)

where Q is the conserved charge associated with the BRST symmetry. Note, it is not actually necessary
to calculate explicitly the charge operator, but only to know that it generates the BRST transformation
on any field φ with
θQBRS φ = i[θQBRS , φ] .
(4)
Note, that (3) reduces to the usual Maxwell equation if evaluated between physical states.
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