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PRIMORDIAL BLACK HOLES

FIRST GALAXY
STARS FORMATION TODAY
300-500 Billion of years

OVER-DENSITY
COLLAPSE million years

PRIMORDIAL

BLACK HOLES
MASS [0.1 — 10°°]g
S. W. Hawking, C Math.Phys. 1975
CHARGE ™ ngB. ](?ng:ﬁ?Asfrophysyj 1975
SPIN J. Auffinger, arXiv: 2206.02672
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WHY PRIMORDIAL BLACK HOLES

* Hawking Radiation
S. W. Hawking, CMP 87 (1983) 577

* Dark Matter
Primordial Black holes as dark matter

candidates
B.J. Carr and S. W. Hawking, Mon. Not. Roy. Astron.
Soc. 168 (1974), B. J. Carr, Astrophys. J. 201 (1975)

Primordial Black Holes as Dark Matter

source
L. Morrison et al, JCAP 2019, 1. Baldes et al, JCAP
2020, N. Bernal and O. Zapata, JCAP 2021x
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Axion-like particles from primordial black holes
shining through the Universe (JCAP 08 (2021) 063)
Primordial black hole dark matter evaporating on
the neutrino floor (Phys.Lett.B 829 (2022), 137050)
Direct detection of light dark matter from
evaporating primordial black holes (Phys.Rev.D
105 (2022) 2, L.021302)

Electron scattering of light new particles from

evaporating primordial black holes (Phys.Rev.D
105 (2022) 10, 103024)




WHY PRIMORDIAL BLACK HOLES

* Baryogenesis and Leptogenesis

S. W. Hawking, Nature 1974; Y. B. Zeldovich, Pisma Zh.
Eksp. Teor. Fiz. 1976

* Seeds for Supermassive Black Holes

B.J. Carr and M. J. Rees, "Mon. Not. Roy. Astron. Soc. 206
(Feb. 1984)

* Information on the early universe
* Formation mechanisms

* And for many other reasons!
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Towards baryogenesis via absorption from

primordial black holes (Phys.Rev.D 105 (2022) 4,
045001)

Limits on light primordial black holes from high-
scale Leptogenesis (Phys.Rev.D 107 (2023) 12,
123537)

Primordial Black Holes from Pre-Big Bang inflation

(JCAP 08 (2020), 031)

Impact of trans-Planckian quantum noise on the

Primordial Gravitational Wave spectrum

(2211.04316)
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EXISTING CONSTRAINTS
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EXISTING CONSTRAINTS
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Escaping

HAWKING RADIATION antiparicee

Vacuum fluctuation: empty space is a medium in g
which particle and antiparticle pairs appear and

B Pair _l
15appeat Creation I
E,+E5 =0 O
Particle- x
What happens near the event horizon? antiparticle S—
annihilation B
Escaping ‘ Z

particle

S. W. Hawking, CMP 87 (1983) 577
G.W. Gibbons and S. W. Hawking, PRD 15 (1977)
H. J. Trashen, arXiv gr-qc/0010055
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Escaping

HAWKING RADIATION antiparicee

m
<
The emission is black-body-like m
K <= Surfa.ce O 2
Tgy = Py gravity  pair _—
Creation T
For a neutral and non-rotating Black Hole, the .
Hawking temperature is O
Particle- x
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Tgy = annihilation N
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Escaping ‘ Z
particle
S. W. Hawking, CMP 87 (1983) 577
G.W. Gibbons and S. W. Hawking, PRD 15 (1977) .

H. J. Trashen, arXiv gr-qc/0010055
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PRIMARY EMISSION

x Degrees Grey body
of freedom ﬁ \ factor
_ 8x [ ( TPBH)
dtdEX 21 exp( )(/TPBH) — (—1)%%

X Energy X spin

Computed using BLACKHAWK (A. Arbey and J.

Auffinger, Eur.Phys.J.C 79 (2019); A. Arbey and ]. Auffinger,

Eur.Phys.J.C 81 (2021); J. Auffinger, Eur.Phys.].C 82 (2022))

S. W. Hawking, CMP 87 (1983) 577
G.W. Gibbons and S. W. Hawking, PRD 15 (1977)
H. J. Trashen, arXiv gr-qc/0010055
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PARTICLE EMISSION
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DARK MATTER FLUX FROM PBHs

Roberta Calabrese

R C et al, PRD 105 (2022) 2 L021302
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DARK MATTER FLUX FROM PBHs

R C et al PRD 105 (2022) 2 L021302
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EVENT RATE
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N — y INTERACTION RESULTS
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(1) boosted dark matter from cosmic-ray up-scatterings

(C. Cappiello and J. Beacom, PRD 2019)

(2) Solar reflection with XENONIT (H. An et al, PRL 2018)
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(3) combined constraints from direct detection

experiments (C. Cappiello and J. Beacom, PRD 2019)

BBN: Big Bang Nucleosynthesis constraints (B. Henning and H. Murayama,

arXiv:1205.647 )
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CONCLUSIONS

* Primordial Black Holes can test the physics of the early

Universe THANK YOU
* They can help us fix several open problems (Dark matter, FOR THE
ATTENTION

baryonasymmetry, ...)

* We limit the abundance of Primordial Black Holes by looking at
Sub-GeV Dark Matter emission
In this context we prove that Primordial Black Holes are
a source of boosted light Dark Matter

Our limits are competitive with the existing ones
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