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Motivation

physical observables should not depend on computational
details ⇒ Why study parametrization dependence?

for example perturbation theory of �nite order defers these
dependencies to higher orders

nonperturbative truncations depend on the �details�

use certain criteria for �good parametrizations�
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a-priori criteria:

parametrizations supporting the identi�cation of
physical degrees of freedom

symmetry preserving formulations

hard gauge �xing (α→ 0)

a-posteriori criteria:

principle of minimum sensitivity
⇒ stability serves as measure for quality of approximation
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Setup

assume the metric as the fundamental degree of freedom

single metric Einstein-Hilbert truncation

gµν = ḡµν + hµν +
τ

2
h α
µ hαν +O(h3),

Γgrav[g ] = −ZR

∫
d
dx
√
g (R − 2Λ), ZR =

1

16πGN

gauge-�xing condition and action

Fµ[ḡ , g ] =

(
δαµ D̄

β − 1 + β

d
ḡαβD̄µ

)
gαβ ,

Γgf [ḡ , g ] =
ZR

2α

∫
d
dx
√
g ḡαβFα[ḡ , g ]Fβ[ḡ , g ]
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ghost action

Γgh[ḡ , g ,C̄ ,C ]= −
∫

d
dx
√
g C̄µMµ

ν [ḡ , g ]C ν , Mµ
ν [ḡ , g ] =

δFµ[ḡ , g ]

δvν

in transverse decomposition δvµ = δvTµ + D̄µδχ

δFµ[ḡ , g ]'(δµν D̄
2+R̄µ

ν )δvTν+
1

2

(
(d−1−β)D̄µD̄ν+4R̄µ

ν

)
D̄νδχ

⇒ incomplete gauge �xing for β = d − 1
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employ York decomposition for the metric �uctuation

hµν = hTµν + 2D̄(µξ
T
ν) +

(
2D̄µD̄ν −

2

d
ḡµνD̄

2

)
σ +

1

d
ḡµνh

D̄µhTµν = 0, ḡµνhTµν = 0, D̄µξTµ = 0

and the ghost �eld Cµ = CTµ + D̄µη

test in�uence of the �eld rede�nition(√
∆− Ric ξT

)µ
→ ξTµ,

√
∆2 +

4

3
DµRµνDν σ → σ,

√
∆ η → η, ∆ = −D2
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Calculation

using FRG to calculate β-functions for dimensionless Newtons
constant g = kd−2

16πZR
and cosmological constant λ = Λ

k2

choose universal RG machine motivated regulator with
Litim-cuto�: ∆→ ∆ + Rk(∆) [Benedetti et al. '11]

split inverse regularized propagator into kinetic part P and
curvature part F

Γ(2) +Rk = P + F ⇒ (Γ(2) +Rk)−1 =
∞∑
n=0

(−P−1F)nP−1
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degeneracy in the scalar sector for hard gauge �xing (α→ 0)

P(σh)
α→0−→ 1

α

(
O(1) O(β)
O(β) O(β2)

)
, P−1(σh)

α→0−→
(
O(β2) O(β)
O(β) O(1)

)

spectral adjustment of the regulator Rk ∼ P can lead to a
divergence for α→ 0

Tr
[
(Γ(2) +Rk)−1∂tRk

]
∼ 1

α
O(β2)

⇒ can be dealt with by choosing β = γ ·
√
α
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Results

linear split (τ = 0) without �eld rede�nition
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for α = γ = 0 we �nd:
g∗ = 0.879, λ∗ = 0.179, g∗λ∗ = 0.157, θ = 1.986± i3.064
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exponential split (τ = 1) without �eld rede�nition
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high parametrization dependence
⇒ bad truncation/parametrization
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linear split (τ = 0) with �eld rede�nition
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for α = 0, β = 1 we �nd:
g∗ = 0.893, λ∗ = 0.164, g∗λ∗ = 0.147, θ = 2.034± i2.691

for α = 0, β =∞ we �nd:
g∗ = 0.983, λ∗ = 0.151, g∗λ∗ = 0.148, θ = 2.245± i2.794
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linear split (τ = 0) with �eld rede�nition
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for α = 1, β = 1 we �nd:
g∗ = 0.701, λ∗ = 0.172, g∗λ∗ = 0.120, θ = 1.689± i2.486
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exponential split (τ = 1) with �eld rede�nition

- 10 - 8 - 6 - 4 - 2 0

0.0

0.2

0.4

0.6

0.8

1.0

β

g*λ*

- 10 - 8 - 6 - 4 - 2 0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

β

Re θ

for β =∞ we �nd (α dependence drops out):
g∗ = 3.120, λ∗ = 0.331, g∗λ∗ = 1.033, θ1 = 4, θ2 = 2.148
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exponential split (τ = 1) with �eld rede�nition
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analytical solution for the phase diagram
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generalized parametrization (arbitrary τ) with �eld rede�nition
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for τ ' 1.22, α = 0, β =∞ we �nd:
g∗ = 3.873, λ∗ = 0.389, g∗λ∗ = 1.508, θ1 = 3.957, θ2 = 1.898
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generalized parametrization with �eld rede�nition
gµν ' ḡµν+hµν+ 1

2(τhµρh
ρ
ν+τ2hhµν+τ3ḡµνhρσh

ρσ+τ4ḡµνh
2)

arbitrary dimensions (α = 0, β =∞)
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�ow equations only depend on T1 = τ
d + τ3

(dependence on τ2 and τ4 drops out)
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summary

gauge �xing can be a subtle issue

interplay between parametrization and gauge �xing

study of parametrization dependence can reveal bad
truncations/parametrizations

existence of UV �xed point for wide range of parameters

there are regions of minimal sensitivity pointing to favored
parametrizations
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