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Evaporation — Schwarzschild BHs Described by My

Hawking
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Evaporation — Kerr BHs Described by My, @, = JM;/ Mgy, € [0.1)
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Effects on Particle Production
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Fffects on Particle Production

Baumann, Steinhadt, Turok, 0703250

Yamada and Iso, 1610.02586

< Modifying Baryogenesis scenarios Fujita et al, 1401.1909
e ' . . , Morrison et al,1812.10606
Baryon Asym metry ' Ex’ LeptogeneSIS Scenal‘IOS) Garcia-Bellido, Carr, Clesse, 1904.11482
o) Y x r r . Hooper and Krnjaic, 2010.01134
< Producing a local asymmetry at PBH formation YEPG and Turner: 2010.03565

Bernal, Fong, YFPG, Turner 2203.08823 |

2 Connections with PBH-DM

Fujita et al, 1401.1909
Morrison et al,1812.10606

| | < Purely Gravitationally interacting DM | Baldes et al, 2004.14773

DM production < Modify Freeze-In/Freeze-out mechanisms et b VG, i

I ¢ Axions, ALPs... et e
< Superradiant enhancement '

Hooper, Krnjaic, McDermott, 1905.01301
Lunardini, YFPG, 1910.07864

Dark Radiatlon ‘ ’:‘ PrOdUCtlon Of hOt graVItonS Masina, 2004.04740, 2103.13825
heek ] .
< Testable from future measurements on AN, ? il

Baker, Thamm 2105.10506, 2210.02805

R < See Hawking radiation! T Capancima et al, 2110,05637
BTN NsE (< Test PBH properties ) e msom it
* Test BSM? | j
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https://arxiv.org/abs/2210.06500
https://arxiv.org/abs/2307.14408

Neutrinos and Leptogenesis

Based on:
Bernal, Fong, YFPG, Turner 2203.08823
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Neutrino Emission for Schwarzschild BHs

Neutrinos are
massive

\/

Dirac vs Majorana¢

Weak interactions

Gauge interactions

Flavor eigenstate

Primary Emission

Hawking Effect

Mass eigenstate

Invisibles'23 - August 31st, 2023

Yuber F. Perez-G. - IPPP, Durham U

Particle definition in a curved
spacetime is observer dependent

Lunardini, YFPG
JCAP08(2020 '



Dirac neutrinos
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High Scale Leptogenesis
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PBH + Leptogenesis
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Rescuing HSL
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Mass Distributions

Monochromatic 2
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Mass Distributions
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High Energy Neutrinos and
Evaporating PBHSs

Based on:
YFPG, 2307.14408

Invisibles'23 - August 31st, 2023 Yuber F. Perez-G. - IPPP, Durham U 17



Evaporating PBHs (EPBH

< Perhaps some PBHs are evaporating today Mgy i ~ 10" ¢

/

< If this occurs close to Earth, we could see y, ’s, e*
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4 2000001 of
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HBAWCis Io[cateldat4,1_00m , Ve gt 0& Eiffel Tower
above sea level, covering Al .,
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“hot” spots concentrate “hot” spots are more bedrock W g .
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< 3400 pc=3 y~! ]

Béker, Thamm 2105.10506,
% Test BSM¢¢ | ool e
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https://arxiv.org/abs/2210.02805

Kerr EPBHSs

f(¢)

ést/T
< How to measure the spin at the start of the burst?

Anything to
learn from
neutrinos?

Photons dominate the

measurement

How could a PBH retain its spin until today?

String Axiverse

| Scalars only reduce
Arvanitaki, et al, 0905.4720

the PBH mass

Non-zero spin even
at evaporation!

Parity Violation!!

Capanema et al, 2110.05637 |
Calza, Rosa, 2210.06500

How does it
manifest in
Hawking
evaporation?
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https://arxiv.org/abs/2210.06500
https://arxiv.org/abs/0905.4720

Neutrino Emission Asymmetry

Particles with positive

BH “wants” to shed helicity are preferentially
off its angular emitted in the northern
momentum hemisphere

Emission of
corrotating [ = m
modes is enhanced

Antineutrinos*

Particles with negative
helicity are preferentially
emitted in the southern
hemisphere

e
AXxis of rotation

Vilenkin, PRL 41 (1978) 1575 . .
N ( ) *In the ultrarrelativistic limit

- Leahy, Unruh, PRD 19 (1979) 3509
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6 — polar angle

Neutrino Emission Asymmetry
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Photons?

- . In the poles
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Secondaries?
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Previous works

Determining the angular momentum gnored the

dependence on 6

lceCube/HAWK

Neutrino - antineutrino effective area
events will depend on @ '
p 1 4 d°N S
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cos & YFPG 2307.14408

Uranus - Sun
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Previous works

Determining the angular momentum gnored the

dependence on 6
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Summary

< PBH evaporation offers a unique mechanism to produce particles in the Early Universe
% The effects are threefold:

e Universal particle emission
* Moditying the Cosmological Background

e Entropy dilution
% Future directions:
e Relating to “more realistic” PBH formation mechanisms (connected to PBH-DM?)

e Low scale leptogenesis? Sphalerons around PBHSs after EWPT?
e Kerr PBH — Additional interesting properties!

e Anything else to learn by measuring neutrinos & antineutrinos in IC for an EPBH?
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Thank you!
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