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Early Universe inflation: Why do we need it?
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Realization of inflation and reheating
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Reheating temperature is unknown: from 1 GeV to 10 GeV



Planck Constraints on the potential P B

Serious QFT
challenge — there is
no renormalizable
model left!
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How to deal with non-renormalizable theories?

* We write all couplings in the Lagrangian which are compatible with the
symmetries of low energy theory

* The Wilson coefficients are arbitrary and should be got from experiment

* This approach is working for energies below cutoff scale (minimal
suppression scale of higher derivative operators)




EFT of inflaton and gravity

Expansion around the flat space:
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Leading contribution to graviton production after inflation?




EFT of inflaton and gravity

Expansion around the flat space:
5= [ dtay=g (LR 50,00" - V(&)

Decay to gravitons = 2rMIA
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Other operators are suppressed by higher powers of As

Results are valid for ANY UV completion for quantum gravity 5



Example: non-local UV completion to gravity
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A. A. Starobinsky, Phys. Lett. B 91 (1980)

What could be the UV completion?

+BW 2, WHY? — renormalizable Stelle gravity = ghost

K. S. Stelle, Phys. Rev. D 16 (1977), 953-969
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How does it work?

Examlple:

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

L= 26f@)¢-V($), f(O)=(0-m")e D

o(0) is an entire function, for example ¢ () = /A

Graviton propagator

UV-finite theory for ANY V(¢)!




Graviton production in non-local model

We prove that graviton production is determined only by the term WOW, irregardless
of the presence of higher derivatives
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A — scale of non-locality

Connecting to the observables:
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Bound on the non-locality scale: A 2> 3M




Graviton production in non-local model
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Figure 1: The blue curve shows the gravitational wave signal for T}.., = 10'° GeV. The orange curve is for Trep = 107 GeV
and the green curve is plotted for T}, = 10° GeV. In all cases we assume gy /Loy = 10~%. The low-frequency slopes
of the plots correspond to the universal h, o< f1/4 behaviour following from . The lowest characteristic strain available
for future gravitational wave detectors is 10724 for the frequencies 1 — 109 Hz. One can see that the predicted signal is well
below that level even for more intensive reheating and GW production.




Inflaton decay to gravitons: selected results

» Planck-suppressed operators do matter for low Tien !
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Gravitational waves from inflaton decay

o .

4 4 : £ g -

dQcw _ 16E" pren 'aw 1 e_,Y(E} 14 g % i & g Eé i

dlogE ~ M* py Hyen 7(E) 10 ;¢ o) ]

|2 - 53 O ]

5 g g ; ]

1/3 3/2 197+ g - 5 & !

(E) e e O 10 ’ . = < i
= E— Q

L 90 Ty M ' g i

10-24F { CE 5 i

A. Koshelev, A. Starobinsky, AT, PLB, < X Ta. % 1

arXiv:2211.02070 i T, - = ]

[ % g

10‘29 - ultimate DECIGO ; ¥ .

3H2 dQcw i > 1

he(f) = rfg s [ !

1 0-34 E 10" GeV, Trer ag &l

- 107 GV, Trer <8 {( Lrre, i

= = :' -..’ 2y b

B _10'* GeV d * ~ ‘:é 7

L i GeV, Tren=1 472 A ~e Vs 2 _

1 0—39 n € e Ve -

103 107" 10" 103 10® 107 102 10'" 10" 10! 10'7 10'°

f [Hz]




Graviton bremsstrahlung during reheating
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Limits on GW frequencies
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* Gravitons were emitted
between inflation and
reheating

» Causality requirement -
no superhorizon
gravitons!

/ Also found in
1000 - G.Choi, Wenqi Ke,Keith A.




More limitations: IR singularity
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Gravitational waves from bremsstrahlung: As=Mp
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 Signals for different inflaton
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« HF GW domain
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Detection prospects from Barman, Bernal, Xu, Zapata, 2301.11325




ant |f the quantum grawty scale IS lower?
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Conclusions

High frequency gravitational waves can be sensitive to the
guantum gravity effects

Perturbative decay of inflation to gravitons can be non-negligible
for low reheating temperatures — high frequency GWs

Graviton bremsstrahlung during reheating can provide a sizable
HF GW signal — constraints on EFT

Reheating-dependent constraints on quantum gravity scale from
gravitational waves !




Thank you!



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

