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@ Universe is flat and istropic at large scale = flatness and horizon problems

o Need inflation, which is driven by vacuum energy Einfiation

o After inflation: the Univerese is empty and cold

o Big Bang Nucleosynthesis needs a Thermal background

Cold Thermal
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@ A theory describing how inflaton ¢ energy == thermal background

Slow-roll

Reheating

@ Basic ingredients:
o Couplings pgth, AP2H?, y i)
o Oscillating ¢ == particles production — interaction — thermal bath
o Complex with non-perturbative phenomena [talks by Piani, Loayza, Marschall]
@ Reheating == thermal background. Temperature is important:

DM production, Baryogenesis, Phase Transition, GW...
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Evolution of Background

@ Shape of inflaton potential around minimum V(¢) ~ ¢”

o Couplings poh?, y pthrp — [y
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Evolution of Background
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@ Annihilation: T4 ~ Tomm? Bosonic decay: 4 ~

n and type inflaton-matter couplings —— background evolution
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How To Probe Reheating?

Reheating

SM thermal bath

(photon, neutrino...)

transparent to GW
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Graviton Bremsstrahlung during Reheating

o Reheating: via ¢.FF (decay) or ¢>FF (annihilation)
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gravitons emission = propagation —> SGWB
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Graviton Production Rate
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o GW amplitude:
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o Differential spectrum
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@ Expect
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GW Spectrum: Bosonic decay vs Fermionic
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o GW amplitude lager in bosonic decay for n > 2 with V(¢) ~ ¢"

@ The distinction in GW == a novel channel to probe reheating
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GW Spectrum: Bosonic Decay vs Bosonic Annhilation
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Cold Thermal
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Reheating explains Cold — Thermal

@ The dynamics and background temperature evolution controlled by:
@ inflaton potential shape (n)
@ type of inflaton-matter coupling (I')

@ There is an unavoidable SGWB from Graviton Bremsstrahlung

@ Future GW experiments could potentially probe reheating

Yong Xu (MITP, JGU Mainz) Probing Reheating with Graviton Bremsstrahlung 04.06.2024 @ Planck24, Lisbon 11/12


https://yongxudm.github.io/

Probing Reheating: Astro-Cosmo-Collider Syn
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Thanks for your attention!
Yong Xu (MITP, JGU Mainz)
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Probing Reheating via Axion Experiments
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@ Assume QCD axion makes up all DM. If a positive signal with
4.-10°eVEm,$5-107 eV
== bosonic annihilation less likely
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Polynomial Inflation

@ Monomial Chaotic Inflation V/(¢) ~ ¢P has been ruled out

@ A General and Renormalizable Potential
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o During reheating: V(¢) ~ ¢?
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Alpha Attractor Inflation

@ The E model [Kallosh and Linde '13]
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@ During reheating, i.e . ¢ < Mp = V(@) ~ ¢"



