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Cosmic backgrounds

* Photons → CMB
TCMB ~ 2.73 K

* Neutrinos → CνB
TcνB = (4/11)1/3  *  TCMB ~ 1.95 K
Not yet measured, but particle physics and cosmo under control

* Gravitons → Cosmic Gravitational Wave Background (CGWB)
Not yet measured → unique probe of the early Universe!
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1. PGWs:
Instantaneous Reheating
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Instantaneous reheating

inflation
ω = −1

SM radiation
ω = 1/3

DM
ω = 0

DE
ω = −1

Trh =? BBN CMB today
time

6×1015 GeV > Trh > 4 MeV
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Instantaneous reheating
Gravitons are unavoidably emitted from thermal fluctuations of the SM bath

→ purely SM process!
→ during the SM radiation domination Ghiglieri, Laine ‘15

Ghiglieri, Jackson, Laine, Zhu ‘20
Ringwald, Schütte-Engel, Tamarit ‘20

fpeak ~ 80 GHz
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2. PGWs:
Non-instantaneous Reheating
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Non-instantaneous reheating

Decay or annihilation of inflatons
into SM radiation
is a continuous process

inflation
ω = −1

reheating
ω =?

SM radiation
ω = 1/3

DM
ω = 0

DE
ω = −1

Trh =? BBN CMB today
time
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Non-instantaneous reheating
Gravitons are unavoidably emitted from the SM bath

→ purely SM process!
→ during the reheating era

For α = 1
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2. PGWs:
Non-instantaneous Reheating

Non-instantaneous Thermalization
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Non-instantaneous thermalization
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Non-instantaneous thermalization
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Non-instantaneous thermalization

inflation
ω = −1

reheating
ω =?

non-thermal thermal

SM radiation
ω = 1/3

DM
ω = 0

DE
ω = −1

Trh =? BBN CMB today
time
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Non-instantaneous thermalization

mɸ: inflaton mass
μ: coupling ϕ → φφ

mφ << mɸ: reheaton mass
μ’: coupling φ → SM SM

* Reheaton φ assumed
to be non-thermal

* Phase-space distribution
solved analytically
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Phase-space distributions

inflaton →

reheaton → 

The GW spectrum is proportional to the graviton phase-space

Possible to solve analytically the full graviton phase-space distribution
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Processes with
* an external graviton
* at most 4 external legs
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Non-instantaneous thermalization
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Non-instantaneous thermalization
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Non-instantaneous thermalization
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Non-instantaneous thermalization
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Non-instantaneous thermalization
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Conclusions

* Cosmic GW background: guaranteed background

* PGWs as a Big Bang thermometer...
→ much more than a Big Bang thermometer!

* Novel PGWs from the pre-thermal phase
→ within the reach of future GW observatories

* Scenarios with low inflaton mass mϕ < 107 GeV could be probed

* PGWs as a unique tool to probe cosmic reheating
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Dziękuję!
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