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GCeneralities

Or how to create particles from the vacuum

See review of Kolb and Long, arXiv:2312.09042
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Cosmological Gravitational
Particle Production

(CGPP)

Based on arXiv:2404.06530



https://arxiv.org/abs/2404.06530
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Primordial Black Holes

Based on arXiv: 2010.03565,
2203.08823,
2312.06768, 2409.02173



https://arxiv.org/abs/2010.03565
https://arxiv.org/abs/2409.02173

Primordial Black Holes

 Carr et al. 2002.12778

Lighter Black Holes

- I

Zeldovich, Novikov 66, Hawking ‘71
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Primordial Black Holes g e

5 5
15
+ Bubble collisions Mg ~ G 107 ¢ < 10-23 s)
< Pressure reduction
< Collapse of density fluctuations

Y \
p—p

Inspired on Villanueva-Domingo,
Mena, Palomares-Ruiz
2103.12087

 Carr etal. 2002.12778 Zeldovich, Novikov 66, Hawking ‘71
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Primordial Black Holes g e

< Bubble collisions
< Pressure reduction
< Collapse of density fluctuations

A
5= P _P
P Fraction of the
total energy in
PBH
2
5th ~ Cy

Inspired on Villanueva-Domingo,
Mena, Palomares-Ruiz
2103.12087

 Carr et al. 2002.12778

p =

PPBH
Prot

<

10-23 ¢

M i 1013 ;
BH,i ™~ g

Adr 1
3 VS

MBH,i X

Mass contained
in the horizon

da PBH form when a density
perturbation reenters the
Hubble horizon

Zeldovich, Novikov 66, Hawking ‘71
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Primordial Black Holes

Fraction of the
total energy in ,B —
PBH

PPBH
Prot

 Carr et al. 2002.12778 |

Assume a

monochromatic mass
distribution

MBHi’:B

2

o) S0

| X —p

. 3 H3
Mass contained
in the horizon

All PBHs

with the
same mass

Zeldovich, Novikov 66, Hawking ‘71
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Hawking — Nature, 248
(1974) 30. Commun. Math.

Phys., 43, 199
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Evaporation — Schwarzschild BHs Described by My
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Hawking — Nature, 248
' (1974) 30. Commun. Math.

Phys., 43, 199
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Evaporation — Schwarzschild BHs
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o H ¢ »’ Pfoduée RHNs after
PBH + Leptogenesis s
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YFPG, Turner 2010.03565

See also: Baumann (2003), Fujita et al (2014), Profumo et al (2017), Bernal, Fong, YFPG, Turner 2203.08823

Baldes etal (2020), Datta et al (2021), Barman et al (2022)...
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Rescuing HSL
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. Gunn, Heurtier, YFPG,
Turner. 2409.02173 |

PBH Hot Spots

He, Kohri, Mukaida, Yamada
2210.06238, 2407.15926
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PBH Hot Spots

Thermalization
via LPM
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He, Kohri, Mukaida, Yamada
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PBH Hot Spots

. Gunn, Heurtier, YFPG,
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New possible phenomena — Superradiant enhancement?
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Constraining these scenarios?

Gravitational Wave Spectrum
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GWs are induced after
the sudden transition
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radiation dominated U

Inomata et al, 2003.10455,
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Imprints of a PBH-dominated

era in GWs
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Leptogenesis

Yes

Thermal leptogenesis

| W
Beware of washout Non-thermal sources

High Scale
My 2 10" GeV

Low Scale Minimal BSM?
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Produce RHNs after
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See Nuria and Rishav’s talk
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Take-Home Message

Thermal leptogenesis

samm ~ Gravity playing a role?

- Cosmological Production

e Unavoidable number density — If it produces RHNs it could generate the
observed lepton asymmetry for low reheating temperatures

e Non trivial dependence with the inflaton potential

< Black-Hole Production

e RHNs produced via Hawking evaporation allow for HS leptogenesis

e For LS-resonant leptogenesis, hot-spots around PBHs can allow for the production of baryon
asymmetry

e ARS leptogenesis — additional effects? Granelli, Shuve, YFPG, Turner, 241 X.XXXXX
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