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Why are we talking about binary merger rates ?

Motivation: Thought process

Several evolutionary parameters for compact binary evolution

still highly unconstrained.

↓
Multiple degeneracies still exist.

↓
Dynamics of engine behind core-collapse supernovae: Effect imprinted on

the merger rate density evolution with redshift.

↓
GW observations can constrain merger rate density function

for compact binaries.

↓
Strong constraints in-turn help to break the degeneracy between

evolutionary parameters.

TLDR: Constrain the engine by excluding binary population evolution

models ! 1



Reason for Scepticism: Current sensitivities
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Local merger rate density: Predictions

Rates from 2010 to present:Mandel & Broekgaarden Living Reviews 2022

Points to ponder

• Local rates vary by orders of

magnitude.

• What is the probability that a

combination of parameters will

result is exact merger rate

density for 0 ⩽ z ≲ 10 ?
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Constraints on population models

• The models satisfying the local rate may not reproduce the rates at

larger redshifts.

Belczynski et al. 2020
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Constraints on population models

R. Abbot et al. 2023: Assuming merger rates per unit comoving volume are redshift independent.

• PDB: POWER LAW + DIP + BREAK model

• MS: MULTI SOURCE model

• BGP: BINNED GAUSSIAN PROCESS model

Constraints on the evolution of the BBH merger rate with redshift.

Central 50% (dark blue) and 90% (light blue) credible bounds on the

BBH merger rate density. The dashed line, for reference, is propor-

tional to the rate of cosmic star formation. R. Abbot et al. 2023
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Constraints on population models

• Current GW observations provide weak constraints on local merger

rate density.

• The evolution of merger rate density (z ≲ 1.5) is dependent on

assumed mass distribution models.

• Given the reach of detectors, no constraints at higher redshift.

• Still a long way to go to confidently exclude population models with

current detectors. Can ET do better??
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Population Models: probing the multi dimensional parametric

space

• M13A, M23A, M25B, M30B, M43A, M50B

• Rapid supernova engine model for NS/BH mass

from Fryer et al. (2012)

Belczynski et al. (2020)

• Revised CE with fmix:

0.5, 1.0, 4.0

• New formulas for

remnant masses

(Fryer et al. (2022))

Olejak et al 2022 7



Effect of Supernova engine on binary merger rate densities:

BNS

• Chosen population models for this work: M30B, f0.5 Pav standard PSN

• The changes in convection growth time (inversely proportional to mixing

fraction) affect the binary merger rate density evolution with redshift.

• Can we constrain them?? 8



Parameter estimation with ET

Construct a mock population

↓
Establish a detection threshold

↓
Estimate the parameters of the

detected events

Singh et al. 2022 Phys. Rev. D 106,

123014

Bayesian parameter estimation
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Merger rate estimation

• Threshold value of accumulated

effective S/N ρeff > 8, and the

S/N for i th segment in the j th

detector ρij > 3 in at least one

segment for j = (1, 2, 3).

• Only ∼ 15% BNS cross the

threshold.

• We need an accurate estimate of

detection efficiency. (Fraction of

detected sources in a given redshift

bin.)

M30B

f0.5 Pav standard PSN
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True merger rate

True merger rate: Population-independent method

Estimate the merger rate density of the detected population

↓
Estimate the detection efficiency (How??)

↓
Estimate the true merger rate density

The detected sources provide the priors for detection efficiency

estimate
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True merger rate

Priors for constructing secondary population

• p(Msec) ∝ p(Mmed,det)

• p(zsec) ∝ p(zmed,det)

• Msec = Msec

[
qsec

(1+qsec)2

]−3/5

Estimating detection efficiency

• D(zi , zi+1) =
[
Nsec,det

Nsec

]
(zi ,zi+1)

• Rmer,recon(zi , zi+1) =
[
Rmer(zmed,det)

D

]
(zi ,zi+1)

Caveat: We assume that the population which is ’detected’ with the set

threshold represents the true underlying population.

Singh et al. 2024 A&A 681, A56 ”Reconstructing the star formation rate for compact binary populations with the Einstein telescope”
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Reconstructed rates

M30B

Observation time of ∼ 7.69 yrs

Poisson error for 0.54 months
Singh et al. 2025

f0.5 Pav standard PSN

Observation time of ∼ 6.2 yrs

Poisson error for 0.46 months

• Get the Root mean square error on rate ratios,
Rmer,recon

Rmer,model
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Root mean square error on rate ratios
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Conclusions

• Binary merger rate density evolution with redshift using ET can

provide indirect constraints population evolution parameters

including CCSN engine parameters.

• Rate constraints can be used to exclude parameter space more

confidentiality, since we constrain the evolution of binary merger

rate density as a function of redshift.

• Need population models with more densely sampled parameter

space.

• Ongoing work looking into constraints using BBH and NSBH

merger rate densities in addition to BNS.

Thank you
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EXTRA SLIDES


	Appendix

	1.Plus: 
	1.Reset: 
	1.Minus: 
	1.EndRight: 
	1.StepRight: 
	1.PlayPauseRight: 
	1.PlayRight: 
	1.PauseRight: 
	1.PlayPauseLeft: 
	1.PlayLeft: 
	1.PauseLeft: 
	1.StepLeft: 
	1.EndLeft: 
	anm1: 
	1.2: 
	1.1: 
	1.0: 
	0.Plus: 
	0.Reset: 
	0.Minus: 
	0.EndRight: 
	0.StepRight: 
	0.PlayPauseRight: 
	0.PlayRight: 
	0.PauseRight: 
	0.PlayPauseLeft: 
	0.PlayLeft: 
	0.PauseLeft: 
	0.StepLeft: 
	0.EndLeft: 
	anm0: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


