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Background: the dynamical BBH formation channel

Dynamical formation is the preferred channel for:
● binaries with more extreme masses 

( + hierarchical merger)
● isotropically distributed spin tilt angles
● nonzero orbital eccentricities.
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Motivation

● LVK collaboration is searching for close hyperbolic 
encounters in the GW data

● My work aims at describing the parameter space for 
the astrophysical formation of close encounters in star 
clusters in a binary–single configuration

Focus on Nuclear Star Clusters (NSCs)

● High escape velocity: NSCs retain most of the BHs
● NSCs can still form new BHs due to the presence of a 

young population
● NSCs are not isolated.
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Overview

Initial conditions

Signals and rate

ARWV simulations

Our method

❖ BBHs & BHs population
❖ Parameters of the encounters
❖ Parameters of the 

environment (NSC)

❖ Numerical and analytical 
spectrum

❖ Rate of single binary 
encounters in NSC

❖ BBH-BH encounters are simulated 
individually with the Nbody code 
ARWV (Chassonnery et al. 2019; 
Chassonnery & Capuzzo-Dolcetta 2021).

❖ Computation of the characteristic parameters of the 
BHs in NSC during the encounter: masses, sma, z

❖ Number of encounters as a function of redshift
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Methods
1st Gen binary

 2nd Gen binary

  3rd Gen binary
          ...

From 106  binaries of 1st generation:

★ 1 pc  NSC radius :     ~ 4 x 105   BBH-BH 

★ 0.1 pc                    :     ~ 2 x 107   BBH-BH   

Q:  How many binaries are there in NSCs as
      a function of redshift? What is their mass?

A:  We used the number of galaxies observed  
      today in the local universe: 0.03 Mpc-3

m1

m1

m1
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Mass distribution over the generations

0.1 pc 
NSC core radius

1 pc 
NSC core radius
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ARWV Nbody code

m1      =  25.5 M⨀

m2      =  25.2 M⨀

m3      =   6.6 M⨀

dmin    =   0.0008 AU

vmax    =   8.3e3 km/s

abinary =   0.0461AU

DL         =   4.7 Gpc

Tmax     =   16 m

dt           =   1s

        From our simulations:

○ we have a snapshot of: 
m1, m2, sma of the binary, m3, redshift

○ we assign to the encounter: 
ecc of the binary, v, b and angles

body 1

body 3
intruder

body 2

     From the ARWV simulation:

❖ we discriminate between hyperbolic 
and resonant encounters, with or 
without exchanges

❖ we get the characteristic frequency

❖ we get the quadrupole moment from 
the coordinates of the position 
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Signal
 ASD = 2  f 1/2  | h

+ 
(f) |   
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 abinary < 0.2 AU hyp: ~ 35%

v0 > 190 km/s hyp: ~ 65%

m1 > 450 M⨀
hyp: ~ 85%

dL < 160Mpc hyp: ~ 65%

Signals from 106  binaries of 1st generation 
in NSCs with core radii of  1 pc:

 ~ 4 x 105   BBH-BH encounters  

only 3% simulated with ARWV

❖ f = fobs   
❖ asd = | max(h+) e-¼  / (𝜋 fobs )

½ | 

Each dot represents the characteristic 
frequency and spectrum of a 

single-binary hyperbolic encounter. 
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Rate

Number of single-binary encounters between 
BHs as a function of redshift in the case of 

105 original binaries The average rate within z=3.5 is 
[0.006 - 0.332] yr−1 Gpc−3
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Signals
❖ Sample of 1yr of events extrapolated from the previous 

distribution - case of 0.1pc NSCs core radii.

dependence on the initial sma and impact parameter
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Current work: resonant encounters
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● We are studying resonant 
encounters in the frequency 
domain.

● Modeling resonant 
encounters in time and 
frequency domain

● Create a search pipeline for 
these long and repeated 
bursts.
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Conclusion
● The LVK burst group is searching for close hyperbolic encounters in the data.

● We built a population model in order to explain the dynamics underlying close 
encounters.

✓ We obtained that in NSC the rate of single–binary encounters depends 
strongly on the core size.

✓ We simulated a sample of hyperbolic flybys. None of the events are able to 
generate GWs with amplitude falling inside the sensitivity curve of ET or 
LISA, even if a number of signals fall in the frequency band of LISA.

✓ Short author list paper under review on PRD: https://arxiv.org/abs/2207.01326

● Future plans:  development of a search pipeline for BBH-BH resonant encounters.
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Thank you!
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