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Conventional formation models suggest that black holes (BHs) and neutron stars (NSs), 
should have masses exceeding the solar mass

Why subsolar? Standard formation scenario of BH-NS
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Mass distribution of black holes (EM+GW)



Mass distribution of neutron stars (binary pulsars + GW)

Modified from [Paulo Freire / Vivek Krishnan]
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https://www3.mpifr-bonn.mpg.de/staff/pfreire/NS_masses.html


What would be the implications of a subsolar GW event?



Methodology & models

𝜽 = {𝑚1, 𝑚2, 𝑑𝐿, 𝜃, 𝜙, 𝜃𝐽𝑁, 𝜓, 𝑡𝑐 , 𝜙𝑐 , 𝜒1, 𝜒2}
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We performed parameter estimation on real and mock data and compute the Bayes factors to 
compare different models 

Parameters:

Bayes formula

We used the public software BILBY [G. Ashton et al. (2019)] and a waveform template:

Frequency-domain TaylorF2 
Quasicircular
Alligned spins

3.5 pN point particle
2pN spin corrections

෨ℎ 𝑓, 𝜽 = 𝒜 𝑓, 𝜽 𝑒−𝑖𝜙(𝑓,𝜽)

Bayes factor



Analyzing the trigger event SSM200308  

In the last concluded LVK observing run (O3b) three candidates of SSM binary BH events were identified, 
SSM200308 was the loudest.

IMRPhenomPv2

M. Prunier et al. (2023)



NS2 vs BH2

NS2 = BH2 + Tidal + Tapering

Tidal

𝑑 − 𝑅

𝑑 + 𝑅

𝑑

𝜽𝑵𝑺𝟐 = 𝜽𝑩𝑯𝟐 ∪ {Λ1, Λ2}

𝑔00 = −1 +
2𝑀

𝑟
+
3𝑄𝑖𝑗

𝑟3
𝑛𝑖𝑛𝑗 −

𝛿𝑖𝑗

3
+ 𝑂

1

𝑟4
− 𝜀𝑖𝑗𝑥𝑖𝑥𝑗 + 𝑂(𝑟3)

𝑄𝑖𝑗 = − Λ 𝜀𝑖𝑗 Tidal deformability, 5pN & 6pN

Tapering ෨ℎ 𝑓 → ෨ℎ 𝑓 Τ f fcut, fslope Τ f fcut, fslope =
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Tidal disruption



Primordial black holes are formed by collapse of overdense regions in in radiation dominated universe

PBH Mass ∼ horizon mass at the formation𝑀𝐵𝐻 ∼
4𝜋
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Implications for PBH: PBHs abundance

Based on a model saturating the bounds from GWTC-3, to explain an event like SSM200308 one would need

𝜌𝑃𝐵𝐻
𝜌𝐷𝑀

≡ 𝑓𝑃𝐵𝐻 ≳ 𝒪(10
−2)



Regular gas Degenerate

Degenerate neutron gas

Credit: 3G Science White Paper

NSs equation of state (EoS)

𝑇𝜇𝜈 = 𝜖 + 𝑃 𝑢𝜇𝑢𝜈 + 𝑃𝑔𝜇𝜈Neutron stars are modelled as relativistic perfect
fluids

is the equation of state 
(EoS)

𝑃(𝜖)

State of matter largely unknown at high densities



Strange quark-matter models assumes a balance of up, down, and strange quarks. 

Features of Hadrons. 
In: Journey to the Bound States.

Strange quark-matter stars

𝑃(𝜖) =
𝜖 − 𝐵𝑒𝑓𝑓

3

J. M. Lattimer and M. Prakash (2001)

This model often leads to a softer EoS compared to traditional neutron star 
matter because the pressure increase with density may be less steep

EoS is obtained using perturbative QCD and an MIT-type bag model in which
quarks are confined within a "bag" and interact via the strong force



Implications for NSs: equation of state

EoS Strongly interacting components

APR, BSK21, SLY4, WFF1 Protons and neutrons

SQM1-3 Quarks u,d,s



SQM3 injected in O4 (O5) with SNR = 25 (SNR = 44)

The analysis is conservative: the inference considers Λ1 and Λ2 as independent

Implications for NSs: equation of state



Excluding WFF1 requires higher SNR or light comparable-mass SSM binaries

With O4-O5 we will able to distinguish between strange stars and neutron stars in subsolar range !

!!

Implications for NSs: equation of state



Conclusions

This opportunity is provided by the fact that quark stars have a much smaller radius and tidal 
deformability than ordinary-EoS NSs in the SSM range, while overall, the tidal is very large

Already with current sensitivity one could decisively exclude some models of NSs and more exotic 
objects compared to the PBH hypothesis

In O4 this distinction would be crystal-clear, confirming or ruling out a putative PBH event 

Using O4-O5 data it would be possible to use tidal-deformability measurements to decisively 
confirm/exclude light NSs with strange quark matter
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