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The “theoretical” challenge of BBH
formation: separation
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: too closeThe separation challenge
Time to merger:

Luminosity:
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Theories to overcome the 
challenge
”Field” formation

Common Envelope
Stable mass transfer
Chemically homogeneous 
evolution
Population-III stars
Triples/Multiples

Dynamical formation

Globular clusters
Young/Open star clusters
Nuclear star clusters
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”Field” formation
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Triples/Multiples

Dynamical formation

Globular clusters
Young/Open star clusters
Nuclear star clusters

Theoretical 
Predictions

Observations

?
Mandel & Broekgaarden, 2022
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Edelman, et. al. 2022
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𝑝 {𝜃!} {𝑑!}

Catalog of 
single event 
posteriors: 

𝑝(Λ|{𝑑!})

𝑝 𝜃⃗ Λ

Parameter estimation algorithm
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Binary black hole spin

𝝌1
𝝌2

𝑳

𝜽1
𝜽2

cos 𝜽1,

Magnitude: 𝝌1, 𝝌2 ∈ [𝟎, 𝟏]

“Tilt”: cos 𝜽2∈ [−𝟏, 𝟏]
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Proposition: Features in the BBH mass 
distribution may be correlated with 
different spin properties
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Proposition: Features in the BBH mass distribution may be correlated with different spin properties

Edelman, et. al. 2022
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Isolated Peak Model

Gaussian

𝑝 𝑚! Λ = 𝑓"𝒩 𝑚! 𝜇, 𝜎 +(1 − 𝑓")ℬ# 𝑚! 𝛼⃗#,%

B-Spline

𝑝 𝑚!, cos 𝜃 Λ = 𝑓"𝒩 𝑚! 𝜇, 𝜎 ℬ" cos 𝜃 𝛼⃗",$ +(1 − 𝑓")ℬ% 𝑚! 𝛼⃗%,& ℬ% cos 𝜃 𝛼⃗%,$

B-Spline B-SplineB-Spline
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Isolated Peak Primary Mass Distributions

C = P

C = N

total

Edelman, et. al. (2022)

Results: mass distribution
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Results: spin distributions

0.0 0.2 0.4 0.6 0.8 1.0
¬

0

2

4

6

p(
¬
)

Isolated Peak Model
S = P

S = N

°1.0 °0.5 0.0 0.5 1.0
cos µ

0.0

0.5

1.0

1.5

2.0

p(
co

s
µ)

0.0 0.2 0.4 0.6 0.8 1.0
¬

0

2

4

6

p(
¬
)

Peak+ Model
S = P

S = N

°1.0 °0.5 0.0 0.5 1.0
cos µ

0.0

0.5

1.0

1.5

2.0
p(

co
s
µ)

10 M⨀ peak
consistent with 
aligned spins!
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Isolated Peak Mass Ratio Distributions
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Towards direct constraints of 
formation physics: stable mass 
transfer channel
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Mass transfer in isolated binaries
Star expands past Roche lobe
Mass loss causes radius to 
change

Also causes Roche lobe radius 
change

𝜻∗ =
𝝏ln𝑹∗
𝝏ln𝑴∗

𝑹∗~𝑴∗
𝜻∗

𝜻𝑹𝑳 =
𝝏ln𝑹𝑹𝑳
𝝏ln𝑴∗

𝑹𝑹𝑳~𝑴∗
𝜻𝑹𝑳

Stable if: 𝜻∗ ≥ 𝜻𝑹𝑳

Common envelope

unstable mass transfer
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Stable mass transfer channel

𝒒𝑫,𝑨 < 𝒒crit,𝟐

𝒒𝑫,𝑨 < 𝒒crit,𝟏

van Son et. al, 2022
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𝒒crit,𝟏 , 𝛽acc

𝑓core

𝑓SN,a

𝛽acc = 0

𝑓core

𝑓SN,𝑏

𝒒crit,𝟐

𝑝(𝑞|Λ)

Stable mass transfer channel

Model for BBH mass ratio 
distribution 
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𝒒crit,𝟏 , 𝛽acc

𝑓core

𝑓SN,a

𝛽acc = 0

𝑓core

𝑓SN,𝑏

𝒒crit,𝟐

𝑝(𝑞|Λ)

Stable mass transfer channel
Model for BBH mass ratio 
distribution 

24



𝑝(𝑞|Λ)

Model for BBH mass ratio 
distribution 
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Thank you!

@jblazeart


