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Making a connection between BHs in the LIGO range and DM

Bird, IC, Munoz, Ali-Haimoud, Kamionkowski,
Kovetz, Raccanelll and Riess PRL 2016

Assuming Dark Matter is composed by Primordial BHSs.

There was some allowed parameter space around ~20-70\/
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first results came around
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Assuming Dark Matter is composed by Primordial BHSs.
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Making a connection between BHs in the LIGO range and DM

Bird, IC, Munoz, Ali-Haimoud, Kamionkowski,
Kovetz, Raccanelll and Riess PRL 2016

Assuming Dark Matter is composed by Primordial BHSs.

OGLE+Gaia

PTA
Carr et al. Phys Rep. 2024
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FOCUSING on the Stellar mass range
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Possible paths for mergers of stellar-mass PBHs in
dark matter halos

Binary interaction:

Merger of eccentric binary

~_ Dynamical ways of BBH merger

2 body gravitational capture:
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How fast do two BHs form a binary (from direct captures)?
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In easy units:

v = L 07 0k, 01_9198/7 pc”

c=2%"g

Assuming an NFW profile for the PBHs:

Milky Way halo structure

NASA, ESA, and A. Feild (STScl)

STScl-PRC12-25a



Updates on PBH merger rates
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FIG. 6: Distributions of PBH mass: a) lognormal, broken
power-law (BPL), and critical collapse (CC) mass func-
tion. b) log-normal distributions across various o values

Aljaf and IC (in progress)



Updates on PBH merger rates

107 V—— . . . . . 1019, .
] Ludlow16 + Mono. Ludlow16
Pradal2 + Mono. 1 ===- Lognormal, 0 = 0.4
1 —— Ludlowl6 + Log. _11' —— Lognormal, o0 = 0.6
| Pradal2 + Log. T 10 { Lognormal, o = 0.8
] ' —— Monochromatic
Z o 10—12
10
“
=
=)
E
e 10—13
10—14
.,"“‘. ‘ —15 " IR (I N I =15 "‘. —_— —_—t ———rT
s i fo? g {06 b 107908 107 706
S L T T L TS T T/ S TN LA TV LR T 1

Halo Mass (M) P re | i m i n ary | %a) | | Halo Mass (M)

Log-Normal -
o=04
oc=0.6 A
——= 0=08

0 20 40 60 80 100 120 140
PBH Mass (M)

Taking a distribution of PBH-mass to peak around 30 M
Rates evaluated a redshift z=0 Aljaf and |C (ln progress)



Updates on PBH merger rates
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Taking a distribution of PBH-mass to peak around 30 M
Rates evaluated a redshift z=0 Aljaf and IC (in progress)



Direct capture PBH merger rates vs redshift
Assuming all DM is in PBHs
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FIG. 7: The total merger rate for Press-Shecter mass
function



PBH merger rates from three-body interactions

Within a DM halo some PBHs will be as single objects and others will be In
binaries. We take a certain fraction of them in binaries. Of those binaries
only those satisfying,

2GM
. = G witr Vg (1) :\/ (r)

— 5 .
4vdis

will be hard binafes (surviving interactions with other PBHS)

We subdivide the DM halos in 10 rings and evolve
them since redshift of 12

This depends on the of the
PBH-binaries location within the
DM halo and the properties
(mass and concentration) of the
DM halo at a given redshift

The rings gro
with the halo’s evol



Evolution of the total halo mass (we evolve each sub-shell)
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We evolve the properties
of the PBH hard-binaries:

da GHpenVironment 2 64 G3
— = a
dt Oenvironment 5 C5 a3

X (m1 -+ mz) . (m1 . mg) F(e)

Peters GW emission terms

o

Aljaf and IC (in progress)

Pradal2

M = 103M,,
M =105M, -
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Interaction with PBH-binary environment

Environment (mass, concentration,
density, velocity dispersion) evolve
with time



PBH merger rates from three-body interactions vs time
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Connecting to the LIGO-VIRGO-KAGRA list of Binary

Merger Events
The O1, 02, 03 (GWTC-3) list of LVK events

Name FAWl) Pastro m1/Mg m2/Mg  M/Mg Xeff First appears in
GW150914 1x10% > 0.99 28.6717  —0.01%013 [13]
GW151012 92x10~ > 0.99 15.2722  0.0519355 [14]
GW151226  [<1x 1077} >0.99 8903 0.187930 [19]
CHITUIOA ) < Lo 074 > D88 214732 —0.04%0 1] [16]
GW170608 <1x107° | >0.99 79792 0.0375;2 [17]
GW170729 1.80x10~" | 0.98 35.475%  0.37105; 2]
GW170809 <1x107° | >0.9 24.92L  0.087917 0]
GW170814 <1x107° |>09 241177 0.071555 [18]
GW170817 <1x107° [ >0.9 18610001 0 +0-02 [19]
GW170818 <1x107° | >09 26.5721  —0.0979 53 [2]
GW170823 <1x107° ] >0.99 29.27%36  0.091922 2]

<1x107°
< 1x107°

GW190408-181802
GW190412_053044

18.3719  —0.0310:14 [4]
13.3194  0.25+0:98 [20]

Abbott et al. PRX 2023

We use binary black hole mergers with a false alarm rate (FAR) < 1 yr—!

Take M, and M, values _ _
El Bouhaddouti and IC (in progress)



With aLIGO design sensitivity
2D Binned Mass Distribution of BBH Mergers: 3 = 0

S0 Kovetz, IC, Breysse, Kamionkowski PRD 2017
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Using a skew-normal distribution for each BBH merger event,
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And then summing up the M, and M- distributions

GWTC_3 M_1 distribution
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And then summing up the M, and M- distributions

GWTC_3 M_1 distribution
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We then simulate BBH populations.

1) A regular population of stellar-origin BBHs with:

aN

x H[M; — M) My ®

d M,
or

dN _ M,

H\M{ — M, ;| M;“

dMl h [ : ] ! exp{ Mcut}
with

dN dN

- B 1 K
dqocq and d(z+1)o<( + 2)

1) A Binary PBH population

And calculate the Signal to Noise ratio for the LVK sensitivities



And then fit to the LVK data
An exampleof a =2.92,8=0.2,x = 2.9
El Bouhaddoutiand1C

(In.progress)
Observed LVK BBHs

: Simulated BBHs \

We find that the second peak at ~40 solar masses forces us to assume
somewhat strange assumptions on the stellar-origin BBH population.
However, LVK O4 runs will truly determine if indeed this is significant
enough. In the process of deriving PBH limits.

Preliminary

M1(Mo)



* The rate of stellar-mass PBHs mergers from direct captures
depends only within a factor of 3 on the exact mass-distribution
(for the LIGO-Virgo-KAGRA range)

 WWe have included three-body PBH-binary to PBH interactions by
evolving the DM halos properties. Most of the three-body
interactions happen early on in the history of the DM halos.

* At early times the three-body interactions are important to include

 We are in the process of updating PBH limits form the LIGO-
Virgo-KAGRA observations
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