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Summary

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 HO = 74 km/s/Mpc.
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Ezquiaga, JGB, Ruiz Morales (2017)
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Spatial Distribution PBH
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Thermal history of the universe

Carr, Clesse, JGB, Kuhnel (2019)
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Black Holes and Neutron Stars

sieal BH Mass Gap
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Black Holes and Neutron Stars
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Model prediction: mass spectrum

JG, Clesse (2020)
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\ PBH clusters
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Effective & Final Spin

JGB, Nuno Siles, Ruiz Morales (2020)
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PBH spin-up by CHE
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The future of GW (G3)

Detection horizon for black-hole binaries
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Entropic forces in GR

Espinosa, JGB (2021)
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ds® = —(Ndt)? + h;;(dz* + N'dt)(dz’ + N7dt)

Lie derivative £,, along the normal vector n

as a generalization of the time derivative
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Raychaudhuri Eq.

congruence of worldlines
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If the strong energy condition is satisfied, then: 7}, n"n” > —§T

and, in the absence of intrinsic acceleration, a, = 0, we
can establish the bound:
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a positive and sufficiently large entropic contribution can avoid recollapse



FLRW Universe

The effect of non-equilibrium thermodynamics in an expanding FLRW universe
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Cosmic Acceleration

JGB, Espinosa (2021)

consider a causal horizon satisfying
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Hamiltonian constraint (3.1) in conformal time (where
primes denote derivatives w.r.t. 7 = agHyn) as
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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



