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signal, and little direct electromagnetic signal that can be used to infer prop-
erties of the central engine, unless the binary has significantly unequal masses,
where the tidal disruption of the secondary neutron star can power significant
electromagnetic counterparts [e.g., 135].

Prompt black hole formation implies that, following coalescence, the gravitational-
wave signal simply shuts down, with nearly spherical collapse generating com-
paratively minimal gravitational-wave emission. We can approximate the low-
est quasi-normal mode ringdown frequency for a remnant black hole as [136]
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where M is the remnant mass and a the dimensionless spin. Faster rotating
black holes emit higher frequency gravitational-wave signals; a non-rotating
(a = 0) black hole of M ⇡ 3M� emits its lowest quasinormal mode signal at
fqnm
gw

⇡ 4 kHz . Prompt collapse will more typically result in a remnant with
a ⇠ 0.7–0.8 for which fqnm

gw
& 6 kHz. In these regimes, the sensitivity of current

interferometers [4, 5, 137] and even proposed future detectors [e.g., 138–142]
is not su�cient to detect such a signal at relevant distances.

Potentially, the prompt formation of a black hole can have implications
for electromagnetic emission, in particular through a lack of sustained energy
injection into the x-ray and optical afterglow signal and in the amount of ejecta
both dynamical and from an accretion disk. For example, kilonova observations
would likely di↵er from those of GW170817/AT2017gfo in that they would be
primarily red due to the lack of neutrino irradiation of the ejected material
and inferred to have less mass [40, 62]. If observations can concretely say
no remnant survived the collisions, tight constraints could be placed on the
equation of state of nuclear matter. We return to this in subsequent sections.

4 Short-lived, hypermassive neutron stars

Fig. 3 A post-merger remnant of mass 1.2MTOV & M & 1.5MTOV will form a hypermas-
sive neutron star which will collapse to a black hole on a timescale O(1 s).

A dominant fraction of binary neutron star mergers likely form post-merger
neutron star remnants that are either hypermassive, supramassive, or long-
lived [e.g., 121, 122]. In all these cases, the remnant will undergo a short
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Develop a mixture model formalism based on Smith & Thrane 2018 (An Optimal Search for 
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signal, and little direct electromagnetic signal that can be used to infer prop-
erties of the central engine, unless the binary has significantly unequal masses,
where the tidal disruption of the secondary neutron star can power significant
electromagnetic counterparts [e.g., 135].

Prompt black hole formation implies that, following coalescence, the gravitational-
wave signal simply shuts down, with nearly spherical collapse generating com-
paratively minimal gravitational-wave emission. We can approximate the low-
est quasi-normal mode ringdown frequency for a remnant black hole as [136]
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where M is the remnant mass and a the dimensionless spin. Faster rotating
black holes emit higher frequency gravitational-wave signals; a non-rotating
(a = 0) black hole of M ⇡ 3M� emits its lowest quasinormal mode signal at
fqnm
gw

⇡ 4 kHz . Prompt collapse will more typically result in a remnant with
a ⇠ 0.7–0.8 for which fqnm

gw
& 6 kHz. In these regimes, the sensitivity of current

interferometers [4, 5, 137] and even proposed future detectors [e.g., 138–142]
is not su�cient to detect such a signal at relevant distances.

Potentially, the prompt formation of a black hole can have implications
for electromagnetic emission, in particular through a lack of sustained energy
injection into the x-ray and optical afterglow signal and in the amount of ejecta
both dynamical and from an accretion disk. For example, kilonova observations
would likely di↵er from those of GW170817/AT2017gfo in that they would be
primarily red due to the lack of neutrino irradiation of the ejected material
and inferred to have less mass [40, 62]. If observations can concretely say
no remnant survived the collisions, tight constraints could be placed on the
equation of state of nuclear matter. We return to this in subsequent sections.

4 Short-lived, hypermassive neutron stars

Fig. 3 A post-merger remnant of mass 1.2MTOV & M & 1.5MTOV will form a hypermas-
sive neutron star which will collapse to a black hole on a timescale O(1 s).

A dominant fraction of binary neutron star mergers likely form post-merger
neutron star remnants that are either hypermassive, supramassive, or long-
lived [e.g., 121, 122]. In all these cases, the remnant will undergo a short

*We use the usual GW (Whittle) likelihood for a signal h in Gaussian noise
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signal, and little direct electromagnetic signal that can be used to infer prop-
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where the tidal disruption of the secondary neutron star can power significant
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Remnant mass: The remnant mass is the sum of the rest 
masses of the individual neutron stars, minus the mass lost 
(0.1MSun). The rest mass is conserved in the merger
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Measuring Mmax

How accurately and precisely can we measure Mmax as the 
number of BNS mergers increases?
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Our method can constrain the maximum rotating neutron 
star mass to within 10-20% with 25-35 BNS mergers in 
the XG era


There is a 50-55% chance we would see a post-merger 
signal with SNR>12 before we detect 25-35 BNS at CE 
sensitivity


Our method is sensitive to phase transitions at the 
population level
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• We demonstrate a mixture-model formalism to measure the maximum PMR mass from a population of 
BNS mergers at CE sensitivity to within 10-20%

• Formalism is robust to model misspecification unlike single-event inference

• A population of ~25-35 nearby BNS mergers allow us constrain the threshold mass for gravitational 
collapse of post-merger neutron stars

• Inconsistencies in MTOV measured between post- and pre-merger can provide evidence for phase 
transitions between hadronic matter and QGP in extreme spacetime environments
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Individual PMNS parameter estimation
PE for individual events does not yield strong evidence for a signal being present, nor are 
the posteriors particularly informative
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A mixture model formalism

The combined likelihood is given by 


We can obtain a posterior distribution on the mixing fraction - and hence MMax - by 
using Bayes theorem
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Simulated data
We simulate a sample of 70 post-merger remnants for our ‘injection set’ and add them to 
coloured Gaussian noise
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