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Motivation

GWTC-2 plot v1.0
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern




Assumption:

PBHSs are originated from peaks of the density contrast

PBHs are rare events, tail of the distribution

One possible mechanism: large fluctuations from inflation



Assumption:

PBHSs are originated from peaks of the density contrast
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Lot of work to go beyond the standard Gaussian lore

See |. Musco et al. (2020) for a simple prescription to calculate the threshold,
including horizon crossing non-linear effects



Properties of PBHs at formation



The PBH mass function at formation

Mass distribution dependent on the curvature
perturbation spectrum and statistical properties

Standard parametrisation
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May have different forms, e.qg. if the curvature perturbation
IS broad, but still peaked at a given mass

V. De Luca et al. (2020)



The spin of PBHs at formation is small

PBHs originate from peaks, that is from maxima of the local density
contrast. Need peak theory to obtain the probability distribution of the

spin

The spin results from the action of the torques generated by the
gravitational tidal forces upon horizon crossing

It is a first-order effect in perturbation theory when accounting for the
fact that the collapse is not spherical
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PBHs are not clustered at formation

PBHs = discrete tracers
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with V. Desjaques (2018)



PBHs are not clustered at formation

PBHs = discrete tracers

True also if the PBH mass function is broad
(understandable from the excursion set theory)

with Dizgah and Franciolini (2019)



GWTC-2 and PBHs
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PBH evolution
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Accretion onto isolated PBHs

For frex < 1 PBHs coexist with another DM component in the universe

A DM halo builds up around the PBHSs
enhancing accretion

(larger gravitational potential well)
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Bondy-Hoyle accretion from the
surrounding baryonic fluid
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M. Ricotti et al. (2005), ...



Accretion onto PBH binaries

Accretion on the system enhances the
gas density around the PBH binary

Accretion on the sigle PBH modulated
by masses and orbital velocities
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- The smaller PBH always experiences a larger relative accretion

Ml—M

- PBH can experience accretion for M 2 O(10)M,



Velocity [km/s]
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PBH mass function evolution
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Non-linear mass evolution enhances large-mass tails

Fitting the GWTC-2 large mass talil
will push towards smaller central masses of the mass function
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Large impact on masses,
depending on the strength
of accretion

Same MF initial width, at larger masses

8'_ — Primordial Zewtoog = 10 1

[ —M.=10 c=04 :
6l — M.=20 M= = 10"Me ]

: M, =25 :
4 M. =35 ]

: — I
9l - - |
0.0 0.2 0.4 0.6 0.8 1.0



PBH spin evolution

If matter angular momentum is
large enough, an accreting disk forms,
leading to a spin growth

Angular momentum transfer
between gas and PBH

X — g( X) % by solving the geodesic model of disk accretion
M

Bardeen et al. (1972)



Spins pushed towards extremality
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Uncorrelated spin orientation
Effective spin spreads around zero
Accretion: low/large mass - low/large spin correlation

V. De Luca et al.

(2020)



Merger rate

Initial spatial Poisson distribution
Random decoupling of binary systems

Compute probability of decoupling
and the binary initial geometry
Semi-major axis

Eccentricity M. Raidal et al (2018)
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Accretion hardens the binaries

Larger masses leads to shorter mergers
V. De Luca et al. (2020)
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Hierarchical Bayesian inference and ML
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Population posterior distribution
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Prediction for the effective spin distribution
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PBH population properties
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The LIGO/Virgo events can be all PBHs
not the dark matter in the universe

Accretion alleviates early-Universe bounds

by shifting them to higher late-time masses

Late-time constraints
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Conclusions

All GWTC-2 events may be PBHSs, but PBHs are
not the dark matter in the LIGO/Virgo mass band



