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Formation channels of binary black holes:

Common 
envelope 

phase

Stable 
mass 

transfer
Chemically 

homogeneous 
evolution

Isolated binary evolution

e.g.
den Heuvel (1976), Tutukov & 
Yungelson (1993), Kalogera et 

al. (2007), Postnov & Yungelson 
(2014), Belczynski et al. (2016), 

Mapelli et al. (2017)

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

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

Pop - III

e.g. Sigurdsson & Hernquist 
(1993), Zwart & McMillan 
(2000), Miller & Lauburg 
(2009), Rodriguez et al. 

(2015), Antonini et al. (2016), 
Mapelli (2016), Askar et al. 

(2017)

Dynamical formation

Globular / open / 
nuclear star 

clusters

AGN-disks
e.g. Inayoshi et al. (2017)

 e.g. Antonini & Perets 
(2012),

Tagawa et al. (2020)
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Uncertainties

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 ??

Stars→ Population ???
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N-body simulations of cluster dynamics

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

Dorval & Boily et al. 2016



Question:

Which theoretical scenario is ... true?



Abbott+2023

Spin distribution (çeff ) observed to be slightly asymmetric
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What do the scenarios predict?

Dynamical formation channel:

Isolated binary channel:

random pairing→ symmetric distr.

most often aligned→ asymmetric distr.

Banerjee, Olejak & Belczynski ’23
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But there’s more work needed.

’Cause it’s hard.

But we’re working on it ;)

Thanks for Alexandra Olejak for tips on this talk
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