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Formation channels of binary black hole

Isolated binary evolution

e.g. Inayoshi et al. (2017)

Common
envelope Dynamical formation
phase e.g. Antonini & Perets
(2012),
Tagawa et al. (2020)

eg.
den Heuvel (1976), Tutukov &
Yungelson (1993), Kalogera et
al. (2007), Postnov & Yungelson Stable
(2014), Belczynski et al. (2016), mass
Mapelli et al. (2017) transfer

Globufar / open /
nuclear star
clusters

. e.g. Sigurdsson & Hernquist
. Chemically (1993), Zwart & McMillan
omogeqeous e.g. van den H_euvel etal. (2000), Miller & Lauburg
evolution (2017), Pavlovskii et al. (2017), (2009), Rodriguez et al.

e.g. Maeder (1987), de Mink Inayoshi et al. (2017) (2015), Antonini et al. (2016),
et al. (2009), Mandel & de Mink Mapelli (2016), Askar et al.
(2016), Marchant et al. (2016) (2017)
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Formation channels of binary black hole Pop- I

Isolated binary evolution

AGN-disks

Common
envelope r Dynamical formation
phase e.g. AntoniniPere]
(2013
Tagawa et 2820,

eg.
den Heuvel (1976), Tutukov &
Yungelson (1993), Kalogera et
al. (2007), Postnov & Yungelson Stable
(2014), Belczynski et al. (2016), mass
Mapelli et al. (2017) transfer

Globufar /open [
nuclear star
clusters

. e.g. Sigurdsson & Herpdl®
Chemically (1993), Zwart & M n
homogeneous e.g. van den Heuvel et al. 000), Milla #lburg
evolution (2017), Pavlovskii et al. (2017), Buez et al.

e.g. Maeder (1987), de Mink Inayoshi et al. (2017)
et al. (2009), Mandel & de Mink
(2016), Marchant et al. (2016)

(2015), Antonini et al. (2016),
Mapelli (2016), Askar et al.
(2017)
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“Isolated binary evolution"‘-chaﬂnnel '

because 50-100% of all ma's,‘siv.e' stars are born in pairs ;



Szécsi et al. 2015:
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based on the models of Szécsi+15
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BH +
He-star

Case BB
RLO

Common
envelope
phase

LN
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eg ;
den Heuvel (1976), Tutukov & x
Yungelson (1993), Kalogera et Globufar/open /
al. (2007), Postnov & Yungelson nuclear star
(2014), Belczynski et al. (2016), clusters
Mapelli et al. (2017) . o
Kruckow+18 Chemically e.g. Sigurdsson & Hernquist
homogeneous don Heuvel ot a1 (1993), Zwart & McMillan
@.g. van den Heuvel et a (2000), Miller & Laubur
based on the m¢ evolution (2017), Pavlovskii et al. (2017) N

(2009), Rodriguez et al.
e.g. Maeder (1987), de Mink Inayoshi et al. (2017) (2015), Antonini et al. (2016),
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Why called ‘isolated’ though?

because environment doe“sn"timatter (c_lu_ster/ﬁeld)_
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Unéertainties

‘oh dear... so-many

- Common Envelope phase?? = Stable Mass Transfer:
efficiency?? Chem.hom.evolution: does it exist?? -
Single-star physics: 1D codes dealing with multi-D

phenomena (convection, turbulences, rotation ...) — wind
'mass loss ?? s i :
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Stars — Population ???
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- “Dynamical formation” channel



Formation channels of binary black hole

Isolated binary evolution

Common
envelope
phase

eg.
den Heuvel (1976), Tutukov &
Yungelson (1993), Kalogera et
al. (2007), Postnov & Yungelson
(2014), Belczynski et al. (2016),
Mapelli et al. (2017)
Chemically
homogeneous
evolution
e.g. Maeder (1987), de Mink
et al. (2009), Mandel & de Mink
t (2016), Marchant et al. (2016)

mass
transfer

e.g. van den Heuvel et al.
(2017), Pavlovskii et al. (2017),
Inayoshi et al. (2017)

Pop - Il

Globufar / open /
nuclear star
“clusters

e.g. Sigurdsson & Herg
(1993), Zwart & \A
, Milla burg
Quez et al.
(2015), Antonini et al. (2016),
Mapelli (2016), Askar et al.
(2017)
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N-body simulations of cluster d_ynami(:s‘

needs cluster, denisity of stars matters, 3D codes...
+ stellar & population physics...

; Dorval & Boily et al. 2016 2



 Question:

. Which theoretical sc'e_nar_io.is'... true? .



Black hole spins
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Spin distribution (x ¢) observed to be slightly asymrﬁetric :
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Symmetry Breaking in Merging Binary Black Holes from Young Massive Clusters and
Isolated Binaries
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Abstract

Properties of the to-date observed binary black hole (BBH) merger events suggest a preference toward spin—orbit
aligned mergers. Naturally, this has caused widespread interest and speculations regarding implications on various
merger formation channels. Here we show that (i) not only the BBH merger population from isolated binaries but
also (i) BBH population formed in young massive clusters (YMCs) would possess an asymmetry in favor of
aligned mergers, in the distribution of the events’ effective spin parameter (x.g). In our analysis, we utilize BBH
merger outcomes from state-of-the-art N-body evolutionary models of YMCs and isolated binary population
synthesis. We incorporate, for the first time in such an analysis, misalignments due to both natal kicks and
dynamical encounters. The YMC x.g distribution has a mean (an antialigned merger fraction) of (xef) < 0.04
(fx — ~40%), which is smaller (larger) than but consistent with the observed asymmetry of (x.f) = 0.06
(fx — = 28%) as obtained from the population analysis by the LIGO-Virgo-KAGRA collaboration. In contrast,
isolated binaries alone tend to produce a much stronger asymmetry; for the tested physical models, (X} = 0.25
and fy — < 7%. Although the YMC . distribution is more similar to the observed counterpart, none of the
channels correctly reproduce the observed distribution. Our results suggest that further extensive model
explorations for both isolated binary and dynamical channels as well as better observational constraints are
necessary to understand the physics of “the symmetry breaking” of the BBH merger population.

Unified Astronomy Thesaurus concepts: Stellar mass black holes (1611); Massive stars (732); N-body simulations
(1083); Gravitational wave sources (677); Close binary stars (254); Young massive clusters (2049)
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What do the scenarios predict?
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Black hole spins

random pairing — symmetric distr.
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" most often aligned N asymmetric distr




What do the scenarios predict?

Effective spins yes, individual spin components x12?

myx1cosf; + myxacosts

™ Dynamical formation channel:

Xeff =

Black hole spins

random pairing — symmetric distr.

Isolated binary channel:

most often aligned N asymmetric distr

Banerjee, Olejak & Belczynski ‘23

—— isolated binary [a]
(Xett) = 0.03, Sx=0.19

—— ymc dynamically assembled [b1
yme dy Y tb1] (Xer) = 0.04, Sj= 021

~ =~ ymc primordially paired + dyn tilt [b2ymc]
isolated + dyn tilt [b2iso]
ymc combined [b = bl + b2ymc]

yme combined [b' = bl + b2iso]
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Conclusions

o _Which theoretical scenl‘ari‘o is true?
Probably both.

But there’s more work needed.
' ‘Cause it’s hard. " o

But'»we’r'e, working on it H

 Thanks for Alexandra O[ejai( far 'l;ips on this talk
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