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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.

il

Multiple degeneracies still exist.

i

Dynamics of engine behind core-collapse supernovae: Effect imprinted on
the merger rate density evolution with redshift.

1

GW observations can constrain merger rate density function

for compact binaries.
1
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
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Constraints on population models

Local merger rate densities [Gpe~3yr]
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Constraints on population models

Local merger rate densities [Gpc3yr~1)
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e The models satisfying the local rate may not reproduce the rates at
larger redshifts.

Belczynski et al. 2020



Constraints on population models

Local merger rate densities [Gpc3yr1|
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Constraints on population models
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Constraints on population models

e Current GW observations provide weak constraints on local merger
rate density.

e The evolution of merger rate density (z < 1.5) is dependent on
assumed mass distribution models.

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

e Still a long way to go to confidently exclude population models with
current detectors. Can ET do better??



Population Models
space

probing the multi dimensional parametric
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Effect of Supernova engine on binary merger rate densities:

BNS

Merger rate density: BNS
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e Chosen population models for this work: M30B, f0.5_Pav_standard_PSN

e The changes in convection growth time (inversely proportional to mixing
fraction) affect the binary merger rate density evolution with redshift.

e Can we constrain them?? 3



Parameter estimation with ET

Construct a mock population

1

Bayesian parameter estimation
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Merger rate estimation

M30B
10 Merger rate density from detetcted sources
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True merger rate

True merger rate: Population-independent method

Estimate the merger rate density of the detected population

il

Estimate the detection efficiency (How??)

1

Estimate the true merger rate density

The detected sources provide the priors for detection efficiency
estimate

11



True merger rate

Priors for constructing secondary population

P(Meec) X P(Mimed,det)

p(Zsec) X p(zmed,det)

Msec = Msec [(1_52%)2

}—3/5

Estimating detection efficiency

— Nsec,det
Do) = [522],
i9Zi4+1

R s
L Rmer,recon(ziazi+1) = |: . ge . ( )
ZiyZj+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
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e Get the Root mean square error on rate ratios

Singh et al. 2025
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Root mean square error on rate ratios

RMS error
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Conclusions

e Binary merger rate density evolution with redshift using ET can
provide indirect constraints population evolution parameters
including CCSN engine parameters.

e 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.

e Need population models with more densely sampled parameter
space.

e Ongoing work looking into constraints using BBH and NSBH
merger rate densities in addition to BNS.

Thank you
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