Gravitational waves from the
early Universe preheating

Anna Tokareva

Hangzhou Institute for Advanced Study, China

Based on A. Tokareva, arXiv:2312.16691 (PLB),

and invited talk at CERN conference ‘Particle Production in the Early Universe’
(September 9 -13, 2024)




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

\

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.
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Origin of CMB perturbations

Scalar field in de-Sitter space
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Planck Constraints on the potential 2\
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Stochastic gravitational wave signals
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Gravitational waves from inflation
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Gravitational waves from reheating

* Perturbative decay of
Inflaton to SM patrticles

10 SKA . Reheating at 10° GeV

Reheating at 10° GeV

* More complicated
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* Inflaton clumping, .
structure formation — lead  Infletion
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?

IR

* 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:
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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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Limits on GW frequencies
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More limitations: IR singularity
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Gravitational waves from bremsstrahlung: As=Mp

M IAXO HET  Signals for different inflaton
masses and reheating
temperatures

* HF GW domain

» Can be also probed as
contribution to the dark
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Detection prospects from Barman, Bernal, Xu, Zapata, 2301.11325



ant |f the quantum gravity 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 signhal — constraints on EFT

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




Thank you!



