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Introduction

Leverage binary black hole (BBH) demographics as tools to 
understand :

• Environmental and chemical conditions required for 
black hole birth

• Time delays experienced by binaries before they merge

Current gravitational-wave (GW) events occur at low or 
moderate redshifts limited ability to probe high redshift 
behaviour

Circumvent this by using joint analysis that combines 
individual BBH detections with gravitational-wave 
background (GWB) data (Callister+ 2020)

Credit: E. Hall and S. Vitale

https://arxiv.org/abs/2003.12152
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Gravitational-wave backgrounds

Comes from the superposition of unresolved BBH mergers throughout the Universe

Measured in terms of the dimensionless energy density:

For BBH population:

Population-averaged 
GW energy spectrum

Credit: LVK, PRD 104.022004 (2021)

Current sensitivity

Merger rate
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Binary black hole merger rate

Star formation rate Metallicity dependence Time-delay distribution* *

=

Merger rate 

=

Fraction of star formation occurring below metallicity

Other examples of hyperparameters to be inferred from the data:
• Slope of mass distribution
• Position of Gaussian peak
• Merger rate amplitude
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Analysis method

Want to infer hyperparameters consistent with the individual 
BBH events and the upper limits/measurements on the GWB

BBH events
GW data from 

multiple detectors

Posterior on BBH 
parameters (e.g., masses)

Optimal estimator
for GWB spectrum

Individual BBH detections Stochastic background

Joint likelihood:
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Results using O3 LVK data
Note: at current sensitivity, the addition of the GWB to 
the likelihood is not yet informative. Displayed results 
are entirely dominated by individual BBH detections

• Local merger rate amplitude entirely determined by 
individual BBHs

• Slope of time-distribution constrained to negative
values
• To not contradict observed merger rate at low 

redshifts
• Metallicity and minimum time-delay parameter 

space remains unconstrained
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Results at Advanced LIGO A+ sensitivity

The detection or non-detection of a GWB at O5-like sensitivity will 
provide distinct constraints on the parameter space of interest

GWB detection GWB non-detection
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Results at Advanced LIGO A+ sensitivity

GWB detection GWB non-detection



Conclusion

• Constrain slope of the time-delay distribution to negative values with O3 data

• Current GWB upper limits are not informative yet

• A GWB detection or non-detection at Advanced LIGO A+ sensitivity provides 
complementary constraints and allows to exclude parts of the time-delay and 
metallicity parameter space

• Keep an eye out for our paper
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Extra slides
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Distributions



CBC likelihood

GWB likelihood



Priors


