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PBHs as all dark matter

observed BH binaries
- fopy ~ 1072

JfeBH

PBHs as SMBH
seeds
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Scalar induced GWs
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Scalar induced GWs

broken power law power spectra 3, /M)
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INSTANTANEOUS SR TO USR TRANSITIONS
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* analytically solvable
* contains power spectra viable for both PBHs and CMB
* approximates quasi-inflection point models quite well

* oscillatory features

[ 2205.13540 Karam et al ]



DOUBLE-WELL POTENTIALS

modes enhanced due to non-adiabaticities
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no dip in the power spectrum if the field rolls back from

the peak

less tuning required

* non-gaussianities

[ 2305.09630 Karam et al ]
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PBH formation

mechanisms: current focus

» inflationary perturbations

* collapse of cosmic strings

* vacuum bubbles
* bubble collisions in first order phase transitions
» collapse of false vacuum bubbles

log ;o [pwt/(V*H)]

* collapse of compact objects A

* oscillons
* Q-balls
* Fermi balls
* Yukawa “fifth force”

[ 2305.09630 Karam et al ]
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Prospects for PBH binaries
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Prospects for PBH binaries
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INDIVIDUAL MERGERS
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dominates if
Jeer X 1

highly eccentric

compact pairs
(non-perturbed)

[ astro-ph/9708060 Nakamura et al |

2-body capture

[ 1603.00464 Bird eteal ]

dominates if

fPBH ~ 1

some evolution via
BH-BBH collisions

compact 3-body
systems

[ 1908.09752 Vaskonen, HV ]

¥
VA
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interactions
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MERGER RATE

dR,,  16x10° s |¢

37 —

% w(my)y(m,)
PBH f M,

(m)?

34
n~ 7Sy, fepu, M1

dmdm, " Gpciyr

Most binaries can be disrupted:
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TYPICAL CHARACTERISTICS

These PBH binaries are...

e Hard => collisions tend to harden them further

 Extremely eccentric => collisions tend to reduce eccentricity, increase
coalescence time by several ordres of magnitude

* large mass ratios suppressed

*DOES NOT CONTAIN PBH BINARY SUBPOPULATIONS: perturbed initial binaries, binaries formed in present DM haloes, ...
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PBHs with LVK

* non-perturbed binary formation channel only [ 2012.02786 Vaskonen et al ]


https://arxiv.org/pdf/2012.02786.pdf

PBHs with LVK
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* non-perturbed binary formation channel only ' 2012.09786 Vaskonen et al |
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* binary evolution with wide mass functions
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OPEN PROBLEMS

WIDE MASS DISTRIBUTIONS

* binary evolution with wide mass functions

 NON-POISSON DISTRIBUTED PBHS

» small initial clustering expected to enhance constraints

» strong clustering can clash with other constraints (e.g. Lyman-a)

« STRUCTURE FORMATION WITH PBHS

» simulations exist only for z > 100 or individual clusters
+ effect of initial clustering?
* ACCRETION
* large uncertainties in accretion physics, incl. accretion into binaries
* relevant for the evolution of spin and eccentricities
« IMPACT OF ECCENTRICITY IN GW ANALYSES

* relevant for long-lived inspiralling binaries



LISA is expected to cover the asteroid mass window using

the scalar induced SGWB

LISA could observe PBH binaries in the solar mass range
over 12 orders of magnitude (Mpgy = 10~ — 10°M,.,) and

PBH abundances as low as fopy = 107°. Expeted to probe
subsolar mass galactic PBH binaries.

To cover the full range of PBH models, improvements needed
in PBH binary population (and SWGB) modelling



