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Exercise 19: Gauge fixing in Quantum Gravity

In this exercise we consider the gauge fixing and the ghost-graviton interactions in quan-
tum gravity. We start from the gauge-fixing condition

Fµ[ḡ, h] = ∇̄αhαµ −
1 + β

4
∇̄µḡ

αβhαβ . (1)

Compute the Faddeev-Popov operator

Mµν [ḡ, h] =
∂Fµ
∂hαβ

∂

∂ων
Lω(gαβ)

= ∇̄ρ (gµν∇ρ + gρν∇µ)− 1 + β

2
∇̄µḡ

γρgνγ∇ρ . (2)

The Lie-derivative acting on a rank two tensor is given by LωTαβ = ωµ∇µTαβ+(∇αω
µ)Tµβ+

(∇βω
µ)Tαµ. Throughout ∇µ is constructed with respect to the full metric gµν = ḡµν +√

Ghµν , while ∇̄µ is constructed with respect to the background metric ḡµν .

This results in the ghost-graviton interactions that are described by the action

Sgh [ḡ, h, c, c̄] =

∫
d4x
√
ḡ c̄µMµνc

ν . (3)

The interaction between gravitons and ghost is linear in the graviton, i.e., cc̄h. Find a
good argument or proof by computing the functional derivatives of (3).
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