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1. Is Dark Matter made of PBHSs?

Limits or clues: a question of point of view
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Limits or clues: a question of point of view
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@ Lot of uncertainties: astrophysical assumption
Exemple: CMB limits relaxed in Parkes-Ricotti
accretion model (G. Facchinetti, M. Lucca, S.C,

2212.07968), role of local ionization (Agius et
al, 2403.18895)
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1. Is Dark Matter made of PBHSs?

Limits or clues: a question of point of view
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Limits or clues: a question of point of view
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1. Is Dark Matter made of PBHSs?

Limits or clues: a question of point of view
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@ Lot of uncertainties, astrophysical assumptions

@ All of these observations can have a non-PBH
origin

@® Limits and clues cohabit in the stellar-mass
regions...

@ CMB distortion and PTA limits are a challenge,
maybe pointing to fully non-Gaussian models
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2. Do GWs come from PBHs?

Intriguing features:

® [nitially, black hole masses ~30 solar mass
® [ ow

® Black holes 1n pair-instability mass gap, with
no sign of cut-oft

® Mergers with low mass ratios (ex: GW190814)
and low primary component spin

® Dynamical channel challenging (velocity
kicks, mergers with similar masses, single black
hole population...)

® Subsolar-mass candidates (e.g. SSM200308)

Maybe all mergers come from PBHs ?
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2. Do GWs come from PBHs?

Intriguing features:

® Initially, black hole masses ~30 solar mass
® [ ow

® Black holes 1n pair-instability mass gap, with
no sign of cut-oft

® Mergers with low mass ratios (ex: GW190814)
and low primary component spin

® Dynamical channel challenging (velocity
kicks, mergers with similar masses, single black
hole population...)

® Subsolar-mass candidates (e.g. SSM200308)

Maybe all mergers come from PBHs ?
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Parameter estimation for SSM200308
M. Prunier, SC et al, 2311.16085
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https://www.quantamagazine.org/possible-detection-of-a-black-hole-so-big-it-should-not-exist-20190828/

GW190521 (and a few others...)
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FIG. 2. Posterior distributions for the progenitor masses of
GW190521 according to the NRSur7dq4 waveform model. The
90% credible regions are indicated by the solid contour in the
joint distribution and by solid vertical and horizontal lines in
the marginalized distributions.

L\VVK collaboration, 2009.01075



2. Do GWs come from PBHs?

Based on rates and event distributions Bayesian population analysis
» QCD features, for early binaries and » QCD features, for early binaries only:
late binaries: [Bagui, SC, Escriva 2022] [Franciolini et al. 2022]

[Andrés-Carcasona et al. 2024]

e [+ Jedamzik 2020], SC & Garcia-Bellido,
Carr, SC, Garcia-Bellido, Kuhnel, others]
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Outcome of binaries:
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- Merger ?

- Dirsrupjcfé/d ?

- I\/Ierr]b/er of a cluster ?
- S—Dédy interactions:

perturbed or disrupted by
a smaller ?




3. PBH binary formation
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3. PBH binary formation
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3. PBH binary formation
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Coalescence time:

3. PBH binary formation
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3. PBH binary formation

Early binaries:

When two PBHs form
sufficiently close to form
a binary before matter-

radiation equality
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4. PBH binary perturbations/dirsuption
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4. Perturbation/disruption by nearby PBHs

Depends on the number of PBHs N in the « sphere of
influence » of the binary

« Standard » prescription [Raidal et al. 2018] :
every binary with a nearby PBH is removed

But probably becomes wrong for a very light perturber !
What is the realistic value of /V for a broad mass distribution ?
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If we strictly follow this prescription: no early PBH binaries => no constrain from LIGO/Virgo !



4. Perturbation/disruption by nearby PBHs
What is « hidden » under the kilt ?




4. Perturbation/disruption by nearby PBHs
What is « hidden » under the kilt ?

Kill all perturbed binaries . Realistic case ? + Do like if you had a peak:

Subtle differences in N = 2 [Bagui, SC., Escriva, 2022]

calculation of /V:

[Franciolini et al. 2022] Only consider perturbations by

the peak of the PBHs

Select a scalar spectral
index that avoid too many

light PBHSs [Andrés-Carcasona
et al. 2024]

Neglect perturbations by
intruders with m; < m; + m,

fPBH g O(O.l — 1)
Include the merger rate of
perturbed binaries but

again, assumes a peaked

distribution
[Vaskonen+Veermae 201%]

fepea S O(10



4. Perturbation/disruption by nearby PBHs
What is « hidden » under the kilt ?

Kill all perturbed binaries * Realistic case ?

 Quantification of the
perturbation in the
coalescence time;

AT '_\.Ll‘ AE,
r L E,

e Mass condition for the

Subtle differenc_:es N

calculation of /V:
[Franciolini et al. 2022]

Select a scalar spectral
index that avoid too many
light PBHSs [Andrés-Carcasona

et al. 2024] Intruder:
Aby, R AL . AE,

Include the merger rate of E, ~  mya+ms L 7 E,
perturbed binaries but | i o
again, assumes a peaked (3 2O +1> .(2.(:. - +1> T 1| =003
distribution - L
[Vaskonen+Veermae 201%] » Numerical simulation of

fPBH < (9 10 synthetic PBH population

* Do like if you had a peak:
N = 2 [Bagui, SC., Escriva, 2022]

Only consider perturbations by
the peak of the PBHs

Neglect perturbations by
intruders with m; < m; + m,

fPBH SJ O(O.l — 1)



4. Perturbation/disruption by nearby PBHs

e Closest PBH to the Center e Binary
e PBHs e PBHs Around
» Center of Mass
9 Bounded Region
o g t 600
of Mo=la & 400
= 18
. T »° .\‘l

o ¢ g - t 200




4. Perturbation/disruption by nearby PBHs

New rate suppression factor for fppy = |
p=1 f — oo
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Early binaries become subdominant, except for subsolar-mass PBHs !



4. PBH binary perturbations/dirsuption
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4. PBH binary perturbations/dirsuption
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4. PBH binary perturbations/dirs

1000

uption

Size r. and mass M. of clusters seeded 5 S
by Poisson fluctuations, impacted by S .o -
dynamical heating .o S
Broad mass function: 3 o T~ |
100 o8 O\\VQPG %\c : /  Exal by coll. dis/at R, = 16 kpc’
\‘\bf % o :
JperMppH < fepul/S X Mpgy) R /
A broad mass function with seeds of g kL. T4 )/
supermassive black holes .. R g / o o oo dn 2 Reiplee,
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. / ' O !
In this case, the rate of stellar-mass early S oSS R -
binaries should also be heavily o) g : !
suppressed by Poisson clusters L = ;
10° 10 10° 10° 10 107 107
Mc (Mg

Implications for the rate of late binaries...
B. Carr, S.C., J. Garcia-Bellido, M. Hawkins, F. Kiihnel arXiv:2306.03903



5. Late binary formation
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5. Late binary formation
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5. Late binary formation

t
m
i

)—11/7

0
10 km /s

108

—

|||

.




5. Late binary formation
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Late binaries:
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5. Late binary formation

< dv > = (VT) x ( ATclust . ATprim )
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5. Late binary formation

< dv > = (VT) x ( ATclust . ATprim )

dlnmi;dInms dlnmidlnms  dInmqdlnms

1. 100

O3 run volume sensitivity
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* LIGO/Virgo constraints on the PBH abundance are always obtained under some prescriptions and
assumptions on their merger rates

* The « standard » rate prescriptions are valid for peaked mass distributions but become more complex
for broad mass distributions

* The rate of early PBH binaries can be heavily suppressed due to perturbations by light PBHs when
feeu > 0.1

* Possible additional suppressions from matter inhomogeneities and Poisson clusters
 Late binaries formed in clusters may dominate the total merger rate

* The effect of mass segregation is still unclear

 Ongoing work: Refined calculations, Bayesian population analysis, re-estimation of subsolar-mass rates...

 For some well-motivated mass distributions (QCD features), LIGO/Virgo do not exclude fpg; = 1



Escriva et al |[76] Raidal et al. [65]
Clesse et al.* [74 Franciolini et al.* [87] | Hutsi et al. [75] | Kocsis et al. [437]
Bagui et al. [439 Hall et al. [71]
_ 1 dppen 1 dppeH -1 dnpgpn 1 dnpgn
= 1 = o = U3 =
PPBH dInm PPBH dm NPRBH dlnm NPRBH dm
f=my 1 = f/m 2 = f(m)/m g = (m) f/m’
= mapz/(m) = 12/ (M) = (m)3 = (m)i1/m
= m*y3/(m) = mys3/(m) = ma3 = tho/m
[ fdlnm =1 [ yYrdm =1 [ adlnm =1 [ 3dm =1
= - =
(m) = (f %dlnm) (f %dm) [ mipadInm [ mipzdm
(m?) = (m) [mfdInm (m) [ mirdm [ m2¢pedInm [ m24p3dm

Table 2. Different definitions of the normalized PBH mass distribution proposed in various reterences
with their conversion, their normalisation rule and the corresponding (m) and (m?). The asterisk denotes
the references in which an inconsistency has been found (see details in the text). In this review, we
considered both f and 1; = 1 with our notations. Table adapted from |76]|.
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