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Motivation

the light of the CMB is polarized (Thomson scattering)

Image: ESA and the Planck Collaboration
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Motivation

the light of the CMB is polarized (Thomson scattering)

the propagation of this light is influenced by metric
perturbations δgµν (scalar and tensor perturbations)

by measuring the polarization we can infer properties of δgµν

on the other hand, we can calculate these metric perturbations:

δg··(x) δg··(y) ∼ 〈h··(x) h··(y)〉 ∼ Γ(2)[ḡos] ∼ Γ
(0;2)
k=0 [0; ḡos]
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Bi-Metric Nature of Γk
Split Symmetry

linear split: gµν = ḡµν + hµν

Einstein-Hilbert action: SEH[g ] = SEH[ḡ + h]

split symmetry: δεḡ = −ε, δεh = ε

⇒ δεSEH[g ] = 0

regulator/gauge-fixing: ∆Sk = ∆Sk [h; ḡ ], Sgf = Sgf [h; ḡ ]

⇒ δε∆Sk [h; ḡ ] 6= 0, δεSgf [h; ḡ ] 6= 0
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Vertex Expansion
flow equation:

∂kΓk [h; ḡ ] = 1
2 STr

[(
Γ

(2;0)
k [h; ḡ ] +Rk [ḡ ]

)−1
∂kRk [ḡ ]

]
⇒ ∂kΓ

(n;m)
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k . . . . . . Γ
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Truncation

start with Einstein-Hilbert action:

SEH[g ] = 1
16πGN

∫
(−R + 2Λ)

amend with gauge fixing (α→ 0):

Sgf [h; ḡ ] = 1
16πGNα

∫
ḡµνFµ[h; ḡ ]Fν [h; ḡ ]

Fµ[h; ḡ ] =
(
δ

(α
µ D̄β) − 1+β

4 ḡαβD̄µ
)
hαβ

use them together as generator for vertices:

Sgen[h; ḡ ] = SEH[ḡ + h] + Sgf [h; ḡ ]

rescale the graviton h→
√
Gh:

S
(n)
EH[ḡ ]→ G

n
2−1
n GN S

(n)
EH[ḡ ]

∣∣∣
Λ→Λn
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Truncation

Γ
(2;0)
k : 1

32π

∫
hµν
(( (β−3)2

6 Λ̃+ β2

3 ΛTL
)
ΠTr

µν
αβ−ΛTLΠTL

µν
αβ

)
hαβ

Γ
(3;0)
k :

√
G3

384π

∫
hµνhρσ

(
D̄µD̄νhρσ − 14D̄(µD̄ρ)hνσ − 6ḡνρ∆̄hµσ

)
+
√
G3Λ3
48π

∫
h ν
µ h ρ

ν h µ
ρ

Γ
(2;1)
k : 1

32π

∫
hµν
(

1
3(1+3RRTL)R̄ΠTL

µν
αβ + (RC−1)C̄µ ν

α β

+RSTLΠTL
µν
ρσS̄

ρ
κΠTL

σκ
αβ + 2RSTrḡ

µν S̄αβ

+RTrR̄ΠTr
µν
αβ

)
hαβ
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Regulator

interplay of Landau limit and degeneracy of scalar sector:

P(σh) = ∆̄
16α

(
12(3− α)∆̄2 6(β − α)∆̄
6(β − α)∆̄ β2 − 3α

)
P−1

(σh)

α→0−→ − 4
3(3−β)2∆̄3

(
β2 −6β∆̄
−6β∆̄ 36∆̄2

)
in Landau limit propagator is of the form:

G(σh) =

(
O(β2) O(β)
O(β) O(1)

)
spectrally adjusted regulator:

R(σh) = 1
α

(
O(1) O(β)
O(β) O(β2)

)
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Regulator

flow equation in Landau limit:

Tr[G(σh)R(σh)] = 1
αO(β2) +O(1)

when everything commutes it is straight forward to ensure that
the 1

αO(β2) term vanishes

but in curved background [f (∆̄), D̄] 6= 0

⇒ vanishing of 1
αO(β2) is nontrivial

well behaved regulator
(
R ∼ S

(2)
genr(

∆̄
k2 )
)
:

R= 1
32π

(
−1D̄ρr( ∆̄

k2 )D̄ρ+ 8α−(1+β)2

2α ΠTrD̄
ρr( ∆̄

k2 )D̄ρ

+1−2α+β
2

(
ḡ ..D̄(.r(

∆̄
k2 )D̄.)+D̄(.r( ∆̄

k2 )D̄ .)ḡ..
)

+δ
(.
(.D̄

.)r( ∆̄
k2 )D̄.)

)
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Fixed Points of the Gauge Parameters

a direct computation gives:

α̇ = O(α2)

β̇ = C(α, β) · α +O(α2), lim
α→0
|C(α, β)| <∞

Landau gauge is a fixed point for arbitrary β

both gauge parameters are exactly marginal couplings(
∂α̇
∂α

∂α̇
∂β

∂β̇
∂α

∂β̇
∂β

)
=

(
0 0

lim
α→0
C(α, β) 0

)
+O(α)
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Fixed Points of the Couplings

switch to dimensionless variables:

gn = Gnk
2, λn = Λn

k2 , λTL = ΛTL
k2 , λ̃ = Λ̃

k2

note the hierarchy:
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m Γ
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k . . . . . . Γ

(n+2;m)
k

close the flow equation:

g5 = g4 = g3 = g , λ5 = λ4 = λ3
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0th Order Curvature Couplings
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0th Order Curvature Couplings
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0th Order Curvature Couplings

λ̃ vs. λTr
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1st Order Curvature Couplings
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1st Order Curvature Couplings
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Summary & Outlook

existence of unique UV fixed point persists under inclusion of
background curvature

Landau gauge implies fixed point also for β

regulator choice in curved background

cosmological post-/predictions

calculations on self-consistent backgrounds

inclusion of matter
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Thank you for your attention!
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