Correlation functions on a curved background

Benjamin Knorr and Stefan Lippoldt

UNIVERSITAT
HEIDELBERG

Institut fiir Theoretische Physik Ruprecht-Karls-Universitdt Heidelberg

based on
Phys. Rev. D 96, no. 6, 065020 (2017), arXiv:1707.01397 [hep-th], Benjamin Knorr, SL

October 23, 2017



Motivation

Motivation

o the light of the CMB is polarized (Thomson scattering)

Image: ESA and the Planck Collaboration

1/15



Motivation

Motivation

o the light of the CMB is polarized (Thomson scattering)

@ the propagation of this light is influenced by metric
perturbations 0g,,, (scalar and tensor perturbations)

@ by measuring the polarization we can infer properties of g,

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

0g.(x) 98.(y) ~ (h(x)h.(y)) ~ TP[ges] ~ FZ710; 2o
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Bi-Metric Nature of 'y

Bi-Metric Nature of I

Split Symmetry

o linear split: g, = g + huw
o Einstein-Hilbert action: Sgp[g] = Sgulg + A

o split symmetry: 6.8 = —¢, 0:h=¢
= 5€5EH[g] =0

o regulator/gauge-fixing: AS, = AS[h; g|, Set = Seth; 8|
= 66A5k[hrg] 7é O, 655gf[h;g] 7é 0
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Bi-Metric Nature of 'y

Vertex Expansion

o flow equation:

OuTlhi 2] = 3 STr | (F%1h: 2] + Rulg]) " uRul2]]

= 6kl'5<";m) obeys hierarchy:
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Bi-Metric Nature of 'y

Truncation

@ start with Einstein-Hilbert action:
Senlg]l = toray J(—R +2A)
e amend with gauge fixing (o — 0):
Setlh: &) = 167600 J & Fulhi 8)Fu[h: 8]
Fulhig) = (37 DV — 525°D,.) has
@ use them together as generator for vertices:
Sgen[h; 8] = Senl(8 + h] + Sgi[h; 8]
o rescale the graviton h — v/ Gh:
S\lel - 6 Gy silgl|

n
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Bi-Metric Nature of 'y

Truncation

° r(2 0.

° r(k3?°)

° r‘f?l)
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Bi-Metric Nature of 'y

Regulator

@ interplay of Landau limit and degeneracy of scalar sector:

p o _ A (123-a)A% 6(3-a)A
(@h) = 6a \ 6(8—a)A (2 —3a

—1 a—0 4 52 —6,8A
Ploty = ~3-p253 (—655 3642

@ in Landau limit propagator is of the form:

_(0(5?) 0)
G“’”"(O(m om)

@ spectrally adjusted regulator:

L (00 o)
i’*“”7)‘3(0(5) ow2>>
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Bi-Metric Nature of 'y

Regulator

o flow equation in Landau limit:
TF[G oh 9{(Uh ] ! 0(62) + O( )

@ when everything commutes it is straight forward to ensure that
the £0(8?) term vanishes

e but in curved background [f(A), D] # 0
= vanishing of 20(8?) is nontrivial
o well behaved regulator (R ~ Sg(gl)lt( k2))
9= 5-(~107e( &) D, + = N, Dee(£)D,
+

+122048 (gD v(&) Dy + Dle(B)DIg. ) +6; D)

v
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N‘DI
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N
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Results

Results

Fixed Points of the Gauge Parameters

@ a direct computation gives:
& = 0(a?)
B=C(a,8) a+0(?), lim[C(a,B)| < oo
a—

o Landau gauge is a fixed point for arbitrary /3

@ both gauge parameters are exactly marginal couplings
& da
S B3 0 0
0 08| _
<3ﬁ 8/3) = <Iim C(a, B) o) +0(a)
da  Of a—0
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Fixed Points of the Couplings

@ switch to dimensionless variables:
gn=Gok? A=, App=Sm, A=}
@ note the hierarchy:
0 r(k2‘°) r(k3;°) FE:“O) ‘ rg(n+2;0)
1 Ff;l) r$(3;1) - rs(n+2;1)
m r(kz.?’”) r(,f.;m) r(k”+.2?’")
@ close the flow equation
As = A = A3
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Oth Order Curvature Couplings
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Oth Order Curvature Couplings
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Oth Order Curvature Couplings
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1st Order Curvature Couplings

° rff;l)

Rs1L
Rrre |

13/15



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
@ 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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