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The observed population
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Usefulness of neutron star-black holes
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Mass symmetric

Mass asymmetric

Usefulness of neutron star-black holes
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Detecting neutron star-black 
hole mergers can pinpoint 
astrophysical formation 
channels



Why don’t we measure neutron star’s spin?

Astrophysically speaking…

Neutron stars that are born as rapidly spinning 

pulsars radiate away their energy and angular 

momentum, slowing down. 

Theoretically speaking…

In the gravitational wave phase, the degeneracy 

between mass and spin parameters makes it 

difficult to measure component spins.
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Why don’t we measure neutron star’s spin?
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Can the universe form such systems?

Under the constraints of the isolated binary formation, a limited number of scenarios have been 

proposed that can lead to a rapidly spinning neutron star at merger.

The first-born accretes mass from the 

companion Helium star and spins up.

The second-born can get spun-up by tidal 

synchronization.
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Higher order modes to the rescue!
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Positive spin combinations



Higher order modes to the rescue!
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Negative spin combinations



Can we measure it?

The spin of a neutron star is much more precisely measured 
with a neutron star-black hole merger detection compared to a binary neutron star detection.

23Gupta, ApJ 970 (2024)



Can we measure it?

Gupta, ApJ 970 (2024)

Next-generation observatories can precisely measure the spin of a neutron star with 
neutron star-black hole mergers, even if they were to happen a Gpc away.
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Conclusion
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Conclusion

Neutron star-black 
hole mergers are rich multi-

messenger sources, which will act 
effective tools to identify astrophysical 

formation scenarios, especially with the advent 
of next-generation gravitational-wave observatories. 

26Let’s not sleep on neutron star-black hole mergers!
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Likelihood Prior

Posterior Evidence

Model A
Model B
Model C
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Using gravitational-wave detections



Using gravitational-wave detections
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Usefulness of neutron star-black holes
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Mass symmetric

Mass asymmetric
The probably i-band kilonovae light curves for 

GW230529.  (Chandra, Gupta, et al. ApJ 977, 2024)

Usefulness of neutron star-black holes
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Looking toward the future

More observations Louder signals

The sensitivity curves of different detectors. (Gupta et al. CQG 41, 2024)

20 km

10 km 40 km
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Neutron star-black hole 
mergers can be prolific multi-
messenger
sources



Localization of events in the sky

Squiggly arrow - Free arrows icons

Squiggly arrow - Free arrows icons
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Localization of events in the sky

35Gupta+, Phys. Rev. D 107, 124007 (2023)



Measuring the cosmic expansion

Gravitational waves already provide distance, all we need is redshift.

TENSION

Gravitational waves can provide an independent measure of H0 and resolve the Hubble tension.
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Gravitational-wave sirens

Dark sirens

Bright sirens
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Resolving the Hubble tension

Neutron star-black hole mergers make excellent 
cosmological probes.

38Gupta, MNRAS 524, 2023



Higher order modes
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Higher order modes
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Observed NSBH population

Abbott+, arXiv:2404.04248 (2024)41



Gravitational-wave sirens

Dark sirens

Bright sirens

Current constraints on the Hubble constant with gravitational sirens.
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Resolving the Hubble tension

43



Neutron star spin measurements

Positive spin combinations
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Neutron star spin measurements

Negative spin combinations
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Neutron star spin measurements
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Comprehensive utilization of neutron star-black hole mergers

Build an infrastructure that jointly infers the binary mass spectrum, the equation of 
state, and the Hubble constant. 
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Neutron stars as dark matter detectors

Model realistic levels of dark matter contamination in neutron stars and apply 
Bayesian model selection.
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The origins of observed kilonovae

Develop a formalism to distinguish between kilonovae from binary neutron stars and 
neutron star-black hole mergers.
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Gravitational waves

Credit: SXS Credit: AAS NOVA

Credit: Max Isi
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Detecting gravitational waves

Credit: Ryan Magee51
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