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• Fundamental Physics and PBH:

    - Critical Higgs Inflation (SM-3loop)

    - Quantum Diffusion and PNG tails

• PBH cluster dynamics:

    - Binary parameter distributions 

    - Spin induction in dense clusters

• Observational Evidences:

    - Gravitational Waves  (GWTC-5) 

    - Gravitational Lensing (HypSupCam)



Direct Collapse: Black Hole formation

Radiation pressure : Supernova

Gravitational Collapse 



Primordial plasma



Mass origin of ABH & PBH

Chandrasekhar mass

(Pauli Excl.)
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inflection point

Single Field Inflation

[1702.03901]
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Single Field Inflation

[1702.03901]

JGB+ERM(‘17)
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Standard Model Lagrangian



Renormalization of Higgs couplings

Buttazzo et al (2014)

Ezquiaga, JGB, Ruiz  [1705.04861]



Critical Higgs Inflation
Ezquiaga, JGB, Ruiz Morales [1705.04861]



JGB, Ruiz Morales [1702.03901]



Primordial Power Spectrum

JGB, Ruiz Morales [1702.03901]

flat, featureless



me mπ mp mW ,Z mtmH

Thermal history of the universe
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-
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PBH mass spectrum

Carr, Clesse, JGB, Kühnel  [1906.08217]



Quantum Diffusion @ CMB & LSS
Ezquiaga, JGB, Vennin [2207.06317] Elliptic Functions

fNL – expansion (not enough)

Lognormal distributions

Diffusion

non-perturbative



What about clusters of PBH?

• Monochromatic (m)

• Uniformly distributed

• Gaussian statistics

• Broad range of masses

• PBH in dense clusters

• Non-Gaussian tails

JGB [1702.08275]
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JGB, Clesse [1501.07565]
Ezquiaga, JGB, Vennin [2207.06317]

PBH could explain the SMBH in the 

center of galaxies seen by JWST at 

z ~ 13-16 

“Little Red Dots”



Joudzbalis et al.    Nature (27 May 2026)

Only PBH can explain the SMBH 

in the center of lensed LRD 

seen  by  JWST  @   z = 7.04



Tanaka et al. [2410.00104]

PBH clusters explain the cumply

Nature of   Little Red Dots



Clusters from Quantum Diffusion
Animali, Vennin  [2402.08642]2-pt distribution function

Tilted-well potential 106 numerical simulations



PBH and Stochastic Inflation
A. Linde (1994)



Milky Way - like galaxy
Carr, JGB +  [2610.28723]



Lognormal mass distribution

Maxwellian velocity distribution

Plummer density profile

Galactic potential MW

(point-mass galaxy)

M=4.36953E+10       

with circular orbit at R=34 kpc 

No primordial binaries

Zero natal spin

Code used: Nbody6++GPU

Cluster Dynamics
J.F. Nuño Siles, JGB [2405.06391]

Plummer density profile

Lognormal mass PDF

https://github.com/nbody6ppgpu/Nbody6PPGPU-beijing/tree/dev


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



Clusters expand with time while core radius 

stays almost constant 

Cluster Dynamics

JFN+JGB [2405.06391]



Trashorras, JGB, Nesseris  [2006.15018]

Cluster Dynamics



Binary escapers

Mass Distribution

Mass Ratio

q=m2/m1<1

JFN+JGB [2405.06391]



Binary escapers
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Binary escapers

semimajor axis  [AU]
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JFN+JGB [2405.06391]



BBH merger rates

In-cluster and binary escapers merger rate

In-cluster merger rate 

for         peaks at z~8 

for         peaks at z~2

Escapers merger rate 

         peaks at 103 tU

         peaks at 105 tU

tU tU



Distribution of the masses (m1, m2) of the BBHs mergers

BBH merger masses



Inspirals vs scatterings
Jaraba, JGB [2106.01436]

Einstein Toolkit
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Spin induction in dense clusters
Spin acquired at periastron, during GW emission.

Characterized by Kerr parameter a.



Highest spin is induced in most massive black hole.    q = m2/m1 ≤ 1.

Spin induction is enhanced for the massive black hole when   q << 1.

Spin induction in dense clusters



Carr, Clesse, JGB, Hawkins, Kühnel  [2306.03903]

Gravitational
Waves

Thermal History 

Model



Sugiyama et al. [2602.05840]μlensing to Andromeda



Masses of Black Holes and Neutron Stars

GWTC-5 

(2026)

~400 events!



GWTC-4 

(2025)

Are LIGO/Virgo BH Primordial?

GWTC-5 

(2026)



GWTC-4 

(2025)

Are LIGO/Virgo BH Primordial?

GWTC-5 

(2026)

Lower Mass Gap



GWTC-4 

(2025)

Are LIGO/Virgo BH Primordial?

GWTC-5 

(2026)

Upper Mass Gap



GWTC-4 

(2025)

Are LIGO/Virgo BH Primordial?

GWTC-5 

(2026)

Asymmetric Binaries



Mass distributions  GWTC-5

LVK [2605.27226]

PBH Transfer function: From IMF to Binary Escapers



Are LIGO/Virgo BH Primordial?
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Clesse, JGB [2007.06481]

Escrivá, Bagui, Clesse [2209.06196]



BBH Merger Rates GWTC-5
LVK [2605.27226]



Merger Rates (z)    GWTC-5

LVK [2605.27226]

PBH :  R(z) ~ (1+z)3  up to z~20-50

ABH :  SFR peak at z~1.9  (Madau-Dickinson 2014)
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Effective and Final Spin
JGB – Phil.Trans.Roy.Soc.A 0091 (2019)



GWTC-5 

(2026)

q=0.8

s1=s2=0

q=0.11

(GW190814)

Effective and Final Spin



GWTC-3 (2021)

q=1

s1=s2=0

q=0.11

Effective and Final Spin

Isotropic and Spin=0

JGB, Nuño-Siles, Ruiz Morales [2010.13811]



LVK [2605.27226]

Spin distributions  GWTC-5

Gaussian (mean = 0, rms = 0.3) Isotropic



SSM200308 Prunier et al.  [2311.16085]

Are there PBH in LIGO/Virgo?



Primordial Black Hole 3G GW

SSM



• Thermal history predicts clustered PBH with 

      multimodal mass distribution  ~ 10-5, 1, 100, 106 

• The predicted PBH spin and mass distribution 

     has been measured by  LIGO/Virgo + OGLE/Gaia

     around 1-100         (features: peak & plateau)

• Other peaks could be explored with microlensing of 

     stars towards LMC and Andromeda.

• PBH scenario can explain various cosmic conundra (LSS)

• Paradigm shift in Structure Formation of the Universe

• Very rich phenomenology: multi-scale, multi-epoch, multi-

probe => Future 3G detectors (LISA, ET) 

Conclusions



Carr, Clesse, JGB, Hawkins, Kühnel  [2306.03903]

Gravitational
Lensing

Thermal History 

Model



Milky Way rotation curves
JGB, Hawkins [2402.00212]

Gaia DR3

LMC



PBH Constraints from microlensing
JGB, Hawkins [2402.00212]

different values

of tilt and running

at PBH scales 



Hawkins, JGB [2509.05400] OGLE-IV (2025)

MACHO (1995)

Achromatic

Red  Giants

(variable!)

Main squence

Only one band

OGLE-IV Selection Criteria



OGLE-IV Selection Criteria

Point Source Source radius = RE/10 or RE/3 

Microlensing event follows a Paczinsky curve

Time gaps larger 

than event duration

Hawkins, JGB [2509.05400]



Halo Mass Fraction

Thermal History 
Model

MACHO

EROS-2

JGB, Hawkins [2402.00212]



OGLE-IV Constraints

OGLE-IV

(13+3 events)

Thermal History Model



Standard Model Lagrangian
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