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Graitationalwamproductioninhigherlerivate gravity
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Based on PLB 2211.02070 (A. Koshelev, A. Starobinsky, AT) 
and ongoing work 
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Higher derivative gravity does it make sense

Raine Rava a Ryung Rmv eRmv ghostsandinstabilities

Two approaches
1 howenergy EFT ghosts live beyond the cutoffscale

Forcosmology there's no renormalizable theory of inflation
higherderivativesmust bethere

For GWS extra gravitonproduction

2 Infinite derivative gravity can be ghost free

Sefauxoff MERt RF a Rt WmuFwaWmms

Forcosmology Starolinsky inflation is an exact solution
FFw modification of a non gaussianities

For Gws extra graviton production after inflation

only NEW term is relevant

t test i

A. Koshelev, S. Kumar, A. Starobinsky, ‘22

A. Koshelev, A. Starobinsky, AT, arXiv: 2211.02070
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Inflaten decay to gravitons
Le Elm9 V14 t g WarenW t

4 hh raw Ifp decay rate after inflation

9Wsignal
Observables

y
GWcontribution to darkradiation

ski f I In É ANeff 2,85Tfm C 0,2 Planck

significanteffect for howreheating81k Ig s
Trey 21m72 temperatures

gK N K512
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some results
Planck suppressed operators do matter if Tren is low

It Tah I Muff overproduction aNets 0.2

High frequency GWsignalforangerandNoida

m
longerTan

lo'sGeV

m
tosserTun

longer

Itter is
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UV completion to the
starabinskymoel

I Mtfigdux R ftp.tfwmragw
makesthe thee

renermalizable

Problem spin 2ghost in the spectrum

Possible solution infinite derivative gravity

Se faux off ME Rt RF a Rt Wmu Fw a Wmms

Possiblerelation to asymptotic safetyproposal

How does it work

teens i

M.Reuter, F. Saueressig, ‘19

A. Platania, 2206.04072

B.Knorr, C. Ripken, F. Saueressig, 2210.16072
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stat

Non local scalar field

S felixVJ a F1a g V19

F a m2 Eon Ola entire function

no new degrees of freedom except
the scalar with mass m

The propagator Pla YIÉ
If PLK is falling for large K

loops are convergent for anyrd
model is UV finite

s no
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It

Can gravity be renermalizable
Remermalttoffee ghost free non local infinite derivative

Powercountingarguments implythat if
the

propagatorfalls fast enough than alldiagrams from
2loops are convergent
One leepdivergencies are localandthe same as
in the Einstein theory
thepropagator can bedecaying as apowerof
momentum fer both realand enchidian K
but therearegrowthdirections on the complexplane
Amplitudes havethe same analyticpropertiesas
in local theories exceptessentialsingularity at infinity

one et as i
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Starebinsky solution in non local gravity
The solution satisfying OR M R

appears to be an exact solution tore

L R F o R Wrong Fw a Wins
it F IM2 0

Degrees of freedom
massless graviton
scalar with mass M

No ghosts connection between Fand Fw

ast da i

A. Koshelev, A. Starobinsky, AT, arXiv: 2211.02070
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Bassett

ichest free conditions

Fla Fizz k Myer me

Fw la Mp eight
The theory is parametrized by one function 06

514 0 E A men locality scale

M A 2 Mp

2ft i

A. Koshelev, A. Starobinsky, AT, arXiv: 2211.02070
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Enter

Graviton production from higher derivatives

Main source y ohh perturbative decay

W e W RW the only terms which

contribute to the graviton production
a hit D leads to cancellations

L A WOW BRW

T E Mpf At 2B

8 3,2 Mfp Y a t

o __o__t i

A. Koshelev, A. Starobinsky, AT, arXiv: 2211.02070
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arts

Gravitational wave signal

GW dark radiation

ANap 385 81 2,85 tag 821LIMI
SH

Bound on N A23M
a enter no

A. Koshelev, A. Starobinsky, AT, arXiv: 2211.02070
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 Conclusions

High frequency Gws
can be sensitive to

the quantum gravity effects
Perturbative decay of inflation to gravitons
can be non negligible for low reheating
temperatures a high frequencyGWS ANett

Non localgravity can be rehermalizableandghostfree
UV completion of Starebinsky R inflation a

non perturbative GWproduction fer future work

Constraints on quantumgravity scale

___ __t no
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Thank you

for your attention
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