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Primordial Black Holes have become a hot topic since the detection 
by LIGO/Virgo of BBH mergers of spinless massive BH in the range 
1-100 Msun.

Their existence and their contribution to the Dark Matter budget is still 
uncertain. For the moment they are consistent with being 100% DM,
only if clustered and wide-mass distributed.

In the next few years the mass and spin distribution of BH will be 
known from LIGO/Virgo/KAGRA mergers and microlensing surveys, 
and their clustering properties inferred from next generation LSS and 
GW – 3G detectors like Einstein Telescope

Present cosmic acceleration could arise from relativistic entropic 
forces. Dynamics very similar to LCDM, except H0 = 74 km/s/Mpc. 

Summary



Quantum Fluctuations=
Ripples in Space-Time

Stretched to cosmological distances

Inflation



Ezquiaga, JGB, Ruiz Morales (2017)



Primordial plasma



Spatial Distribution PBH
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• Monochromatic
• Uniformly distributed

• Broad range of masses
• PBH in clusters

JGB (2017)
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Thermal history of the universe
Carr, Clesse, JGB, Kühnel (2019)
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PBH mass spectrum



Black Holes and Neutron Stars
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Astrophysical BH Mass Gap

Astrophysical BH Mass Gap

M < Chandrasekhar mass



Microlensing
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Black Holes and Neutron Stars



Model prediction: mass spectrum
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LVC

O1+O2

O3
OGLE

GWTC2

GWTC1

JGB, Clesse (2020)
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JGB, Nesseris, Trashorras (2020)

PBH clusters
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PBH are ~ spinless

Stellar BH

Primordial
BH

= 
Mass



Effective & Final Spin
JGB, Nuño Siles, Ruiz Morales (2020)



PBH spin-up by CHE

Jaraba, JGB (2021)



Einstein Telescope
Approved - ESFRI Roadmap 2021



The future of GW (G3)



Entropic forces in GR
Espinosa, JGB (2021)



ADM Formalism



Raychaudhuri Eq.



FLRW Universe



Cosmic Acceleration
JGB, Espinosa (2021)



Cosmic Acceleration



Conclusions
• Thermal history predicts PBH have multimodal mass 

distribution ~ 1E-5, 1, 100, 1E5 Msun (1E-10 also?)
• The predicted PBH spin and mass distribution 

has been measured by  LIGO/Virgo + OGLE
around 1-100 Msun (features: peak+plateau)

• Paradigm shift in Structure Formation of Universe

• Non-equilibrium phenomena in GR: entropic forces
• ADM (3+1) slicing: Raychaudhuri eq. grav. collapse
• Cosmic acceleration from first principles
• No need for a Cosmological Constant


