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Merger rate
Number of GW signals per year and Gpc^3. 
Shaded bar - observed merger rate measured by LIGO
Black line -  the upper limit on rate from the nondetection of the CMB spectral distortion
The solid lines on the right graph are the merger rate of PBHs in the halo of dark matter particles, the 
dotted lines are without a halo.
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1. We select the share of primary black holes in the hidden mass.
2. We calculate the average initial distance, angular momentum j and semimajor axis a.
3. We calculate the probability of forming a PBH binary.
4. Move on to the time dependence (the probability of a pair with (a, j) merging at some point 

in time) and integrate.
5. We get the rate of mergers.

Merger rate
(uniform distribution)
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c - coalescence

а - semi-major axis, 
e - eccentricity,
j - dimensionless angular momentum

e = 0
(j = 1)

e, j ∈ (0,1)Merger rate =
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Some remarks

A small increase in the perpendicular velocity, and hence in angular momentum, causes a 
sharp increase in the fusion time.
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Goals:
● Development of an environment for modeling (N-body) cluster dynamics.
● Simulation of double primordial black holes surrounded by clusters of smaller primordial 

black holes.
● Study of the evolution of such a system (how orbital parameters change)
● Explore how lifespan changes.

Clustering of primary black holes (non-uniform distribution)
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Binary system of central 
black holes surrounded 
by less massive black 
holes (j = 0)
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t_uni = 13 * 10e9 years
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Summary
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In this work, we have conducted a concise review of key challenges in modern cosmology, celebrated 
achievements in gravitational-wave astronomy, and the intriguing concept of primordial black holes (PBHs). 
Our study has encompassed the following key accomplishments:

● Development of a PyGra shell designed for generating initial conditions and conducting N-body 
simulations to model the phenomena under consideration.

● Critical analysis of the calculation accuracy of the employed methods through various illustrative 
examples.

● Execution of a comprehensive simulation involving a system consisting of two homogeneous BH 
clusters, each featuring massive central black holes. Examination and analysis of the evolution of 
orbital parameters within the binary system composed of central black holes, drawing insights from 
the acquired data.

● Estimation of the 'lifetime' of these binary systems and the subsequent confirmation of an increase 
in their lifespans within the observed evolutionary context. This extended 'lifetime' serves to relax 
constraints on the contribution of primordial black holes to the hidden mass in the universe.



No massive black holes in the Milky Way halo
arXiv:2403.02386 
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Thank you for your attention
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выбирается j > 0

Пример 1: Nобщ. = 22 тела, 20 из 
них с суммарной массой m(Σi) = 
20M⊙ и два центральных по 
M(ЦЧД) = 100M⊙, a = 5.1 а.е., j = 
0.2265; 
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Пример 2: Nобщ. = 22 тела, 20 из 
них с суммарной массой m(Σi) = 
20M⊙ и два центральных по 
M(ЦЧД) = 100M⊙, a = 50 а.е., j = 
0.07). 
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