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Field vs Cluster

Mandel & Famer 2017
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The Emergence of Structure in the 
Binary Black Hole Mass Distribution

Tiwari & Fairhurst 2020 (2011.04502)
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Spin Measurements

https://dcc.ligo.org/LIGO-P2000077/public
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Mass-Spin Measurements

GWTC-2 (2010.14527)
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Massive Stellar Multiplicity

Moe & Di Stefano 2017 (1606.05347)
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Isolated Triples Leading to BBHs

Vigna-Gomez+2020b (2010.13669)
*GWTC-1 (1811.12907)

Initial conditions: 
M1=M2=26 Msol, ain≈12 Rsol, 
M3≈33 Msol, aout≈45 Rsol, 
ein=eout=0

GW170729*:
Mchirp≈35 Msol, χeff≈0.4, z≈0.5.
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Field/Cluster/Dynamic Degeneracy
Author Topic Physics/Method

Farr+2017,
Rodriguez+2016, etc.

Spin distributions Data analysis

Spera+2019, 
Di Carlo+2019,2020a,b, 
Renzo+2020, etc.

PISN mass-gap Stellar mergers

Farrell+2020,
Kinugawa+2020,
Tanikawa+2020, etc.

PISN mass-gap Zero metallicity (Pop III)

Fishbach & Holz 2020 PISN mass-gap Data analysis

Schrøder+2018,
Batta & Ramirez-Ruiz 2019, etc.

Natal BH spins 3D hydrodynamics

Steinle & Kesden 2020 Spin-misalignment in field binaries,
Black hole kicks

Population synthesis

Fragione+2020,
Vigna-Gomez+2020, 
Samsing & Hotokezaka 2020, 
etc.

Triples: PISN mass-gap, spins, 
second generation mergers

3-body dynamics,
single-binary dynamics, 
population synthesis

Safarzadeh+2020, 
Hoang+2020, etc.

Quadruples: mass-gap and spins 4-body dynamics

Romero-Shaw+2020,
Samsing+2020, etc.

Eccentricity Data analysis, single-binary 
dynamics
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• Ideal (maybe WR 20a q≈0.9903):
• Mass ratio q>0.98
• Chi_p≈ 0
• 0.4 > a (??)
• e = 0

• LVC:
• Mass ratio q≳0.95
• Likely aligned spins (kick)
• Maximal spin a~amax (birth)
• e ≈ 0

My Suggestion: CHE Binaries as a 
Probe for Natal BH Spin/Kick

Marchant+2016, de Mink & Mandel 2016, etc. 
(??) Batta & Ramirez-Ruiz+2019
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BBHs from CHE Binaries: Rates

Riley+2020 (left), du Buisson+2020 (right)
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F: flat

H: high

L: low

I: isotropic

A: aligned

M: mixed

Early(ish) efforts 

Farr+2017

CHE
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Birth Spins from Rapidly 
Rotating Stars (such as CHE)

Batta & Ramirez-Ruiz 2019  (1904.04835)
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1) Do we trust the highly spinning highly precessing
waveforms for accurate inference of spin parameters?

2) Are natal kicks and natal spins correlated?

3)   What is the effect of low/high natal spin?

4)   How can we truly disentangle field vs cluster origin?
• How bad do we need to disentangle it?

5) What are the pros, cons and caveats of the CHE channel?  
Can we really make such definitive statements out of it?

My Open(?) Questions
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