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Outlive

Fundamental Physics and PBH:
- Critical Higgs Inflation
- Quantum Diffusion and PNG tails

PBH cluster dynamics:

- Bivary parameter distributions
- Spin induction in dewse clusters

Observational Evidences:
- Gravitational Waves (GWTC-3)
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Higgs quartic coupling A(u)

Revormalization of Higas couplings

Ezquiaga, JGB, Ruiz [1705.04861] °"
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Critical Hings Twflation
Ezquiaga, JGB, Ruiz Morales [1705.04861]
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Primordial Power Spectrum

JGB, Ruiz Morales [1702.03901]
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What about clustering of PBH?
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Stochastic 8N - forwmalism

Coarse-grained curvature perturbation
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Quantum Piffusion © CMB & LSS

Ezquiaga, JGB, Vennin [2207.06317]
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Quantum Piffusion © CMB & LSS
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Clustert
stering from Quantum Diffusiov
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PBH and Stochastic Tuflatiov

A. Linde (1994)
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Spatial Distribution PBH
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Cluster Dynamics

Twitial conditions

Binary parameter distributions
Hierarchical mergers (w/ kicks)
Werger rates

Spiv induction



Clms+6r Dynamics

Trashorras, JGB, Nesseris [2006.15018]




Cluster Dynamics

J.F. Nufo Siles, JGB [2405.06391]
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Multiple simulations

J.FE. Nufio Siles, JGB [2405.06391]
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Cluster Dynamics

J.F. Nuio Siles, JGB [2405.06391

All +he clusters are metastable or o A 005,01, 01} | S
directly unstable, that is, they 1
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the age of the Universe or ; i
will do so v the future <07
=i
Some types of clusters are wmore ;Zj
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Cluster Dynamics

Clusters expand with time while core radins

Stavys almost constant JFN+JGB [2405.06391]
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Nescapers

Nescapers

Distribution of escapers
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IMF / Binaries
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Binary escapers

- The laraer the initial N, the
harder the binary needs to be
To escape.

- Mainly highly eccentric (at
birthh) binaries coalesce in a
Hubble +ime.
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Binary escapers

MEA

YU, Y
R & L)
o .“ o0

D X -H O TR
S\ ureidvny
E o\ o “ ..Mo o
c e »
)
O 04r
&)
)

=

0. .
0.0

semimajor axis [AU]

Logqp(ap/1AU)

2.0
1.5}
TH
a]
o
101
0.5

A\

$\
$

i

||OD W‘O

4

€0

f

Viean

NNE

e

06
(1
2 04t
0.2 Jﬂ{
0.0 :
10  -05 0.0

N

g

N\

m
| | | |.! FLT
1.0 1.5 2.0

Logqo(ap/1AU

)



Binary escapers

Numbers increase with x> 7 M&A
initial density but ratio  os- 7 g A S
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BBH merger rates
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BBH merger masses
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BBH merger kicks
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BBH vnerger eccent.’s
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Inspirals vs scatterings

00000 o) o Jaraba, JGB [2106.01436]
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Inspirals vs scatterings
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Spiv induction in devise clusters

Spin acduired at periastrow, during W emission.

Characterized by Kerr parameter a.
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Spiv induction in devise clusters

Highest spiv is induced in most wmassive black hole. g = m,/m, <1.
Spiv induction is enhavced for the massive black hole when ¢ << 1.
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Observational
Evidences



Observational evidence for primordial black holes

Caurr, Clesse, JGB, Hawkins, Kiihnel [2306.03903]
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Observational evidence for primordial black holes
Caurr, Clesse, JGB, Hawkins, Kiihnel [2306.03903]
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GWTCA1/4 LVK Coll. (2024)
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Primary and secondary masses

Binary black hole

| e GWTC-3 (2022)
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Are LLGO/Nirgo BH Primordial?

Clesse, JGB [2007.06481]
Escriva, Bagui, Clesse [2209.06196]
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Final spin

Effective and

Final Spiv

GWTC-3 (2022)
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Effective and Final Spin

JGB Nuno Slles Rmz Morales [2010 13811]
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Spin distributions GWTC-3
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Spin distributions GWTC-3
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Spin distributions GWTC-2
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Are there PBH in LIGONirgo?

Morras et al. [2301.11619]

SSM170401
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Are there PBH in LIGONirgo?

Prunier et al. [2311.16085]
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Horizon distance (2)

BBH seusitivity n future G2 GW

Binary black holes
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The future of GW (G3)

Detection horizon for black-hole binaries
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Covclusions

Quantum diffusion inevitably generates PBH

Thermal history predicts PBH with multimodal mass
distribution ~107%,1, 100, 107 M, (1070 W5 also?)

The predicted PBH spin and mass distribution

has been measured by LTGO/Nirao + OGLE/Gaia
arond 1-100 W, (features: peak & platean)

Other peaks conld be explored with microlensing

PBH scenario can explaiv varions coswic conundra
Paradigm shift v Structure Formation of the Uviverse

Very rich phevomenology: wmultiscale, multiepoch,
multiprobe => Future 3 detectors (€T, CE, LISA)
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