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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



Why inflation Is so attractive?

Nothing depends on initial
conditions — attractor

dynamics

\V

Solution to the problems
of Hot Big Bang related to
Initial conditions

Money dropped from a helicopter have
no choice but to lend on an infinitely long
plateau. This inevitably leads to inflation

Figure 4: Inflation in economy and in the universe.

A. Linde, arXiv: 1710.04278
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Origin of CMB perturbations

Scalar field in de-Sitter space
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Planck Constraints on the potential P B

Serious QFT
challenge — there is
no renormalizable
model left!
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Gravitational waves from inflation
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Gravitational waves from reheating

* Perturbative decay of
Inflaton to SM particles

10 SKA . Reheating at 10° GeV

Reheating at 10° GeV

* More complicated

dynamics: parametric 5
resonance, tachyonic %‘ "
Instability... - require g o '
numerical simulations °

* Inflaton clumping, s
structure formation — lead
to inhomogeneous

Frequency / Hz

reheating — more GWs

K. Jedamzik, M. Lemoine and J. Martin, arXiv:1002.3278

D. Gorbunov, AT, arXiv:1212.4466



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 12



Example: non-local UV completion to gravity

__ME [ R

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

L=AWu3,s OW**" 4+ BRW,p5,sW*"°
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A — scale of non-locality

Connecting to the observables:

ANss = 2.8528W — 2.852?“’ = szlafﬂf—; Planck: ANgr<0.2

PSM H

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
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Graviton bremsstrahlung during reheating
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More limitations: IR singularity
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Gravitational waves from bremsstrahlung: As=Mp
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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!
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