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What are Primordial Black Holes (PBH)?

e BHs that formed in the radiation-dominated era, before BBN.
e Mass range for evaporated PBH: 1072* My < Mppy < 10717 M,
e Mass range for non-evaporated PBH: 10~'"M, < Mppg < 10*M;

This whole story sounds strange, why should we care at all?

e Their search is a byproduct of other experiments!

e fpeu~ O(1) dark matter candidate.

® fppg <K 1 seeds for super-massive BHs.

e fppu(l PBH per Universe) link to Beyond SM Physics.
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(A\pOSSIble) PBH formatlon Scenarlpo» - Kalaja, Bellomo+, 1908.03596

Mechanism: gravitational collapse of a
order unity perturbation during the
radiation dominated era.
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(A possible) PBH formation scenario

Mechanism: gravitational collapse of a
order unity perturbation during the
radiation dominated era. _ |
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(A possible) PBH formation scenario

Mechanism: gravitational collapse of a
order unity perturbation during the
radiation dominated era.
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PBH abundance constraints
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PBH abundance constraints

fPBH = QPBH/QDM
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Physics

Black hole

electrons relativistic (D)

electrons
non-relativistic (D)

Collisional ionization (C)

T adiabatic increase (B)

T same as CMB (A)
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Comparing models of BH accretion Physics

Black hole

electrons relativistic (D)

electrons
non-relativistic (D)

Collisional ionization (C)

T adiabatic increase (B)

T same as CMB (A)

What is the impact of
outflows on PBH
abundance constraints?

Bosch-Ramon&Bellomo, 2004.11224 -

Bosch-Ramon, 2201.09601
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Comparing models of BH accretion

Physics

Piga, Lucca, Bellomo+, 2210.14934
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Globular clusters

Old, almost-spherical systems with a dense core.
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Globular clusters

Old, almost-spherical systems with a dense core.

M, 1/3
Typical mass-to-radius: 7™ = 3(—") pc
yP 10° M,

. ﬂ[t.)ot
Dark matter content largely unknown: /ffsu = =

feeu 2 107° = fipy =1

Common objects: Milky Way hosts more than a 100 GC.
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How we describe globular clusters?

Main features of a GC can be captured by
describing the cluster objects via a phase space
distribution:
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Main features of a GC can be captured by
describing the cluster objects via a phase space
distribution:

fi(r,v) o< poj (e_”2/2"36‘1'(’")/2"§ — 1)

Additional physical assumptions:

1) core concentration \Il(l)/ 2/0

2) degree of energy equipartition Uimg = o;m:;
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Binary formation channels in globular clusters
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Direct Capture Three-body
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Gravitational wave background from PBH binaries

Other formation channels:

Bellomo+, 2110.15059
Vanzan+, 2405.13871
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Gravitational wave background from PBH binaries
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Other formation channels:

1)
2)

3)

Astrophysical BH binaries (ABH);
PBH binaries formed in low mass
dark matter halos (LPBH);

PBH binaries formed at high
redshift (EPBH);

Gravitational wave background from PBH binaries

feeu =1

[ T T T TTTTIT T T T TTTTIT T T T TTTTIT
FY e ~ —-— ET2CE Q:f
: -~ \

11

1

10—9

P
P
-

| R

T INTTTTIT
L

5
/' |—— EPBH
/ |— LPBH
101k / |—— ABH o
c / cc 3
-~~~ \ K - Total
L L1 11114l N W
10° 10! 10? 103

f [Hz]

Bellomo+, 2110.15059
Vanzan+, 2405.13871

UNIVERSITA
DEGLI STUDI
DI PADOVA




Other formation channels:

1) Astrophysical BH binaries (ABH);

2) PBH binaries formed in low mass
dark matter halos (LPBH);

3) PBH binaries formed at high
redshift (EPBH);

Gravitational wave background from PBH binaries
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Gravitational wave background from PBH binaries
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Gravitational wave background from PBH fly-by

GW bremsstrahlung

Common event...
I‘\(HE) (Mini _ 105 M ) ~ 10—5 -1
tot b — ®)— yr
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Gravitational wave background from PBH fly-by

GW bremsstrahlung

Common event...

. but weak GW emission.
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Conclusions

Looking for PBHs is interesting no matter what their abundance is.

Even if PBHs represent a subdominant component of dark matter, their presence
may be detectable if they live in dense environments that boost their gravitational

signatures.

However, even if we detect a signature that we think that comes from PBHs from
GCs, how do we prove it is what we say it is? How robust (i.e., how large is the
theoretical error) are GWs population studies?

DEGLI STUDI
DI PADOVA



