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Detecting a compact subsolar object would have profound implications in physics, the reach of which
depends on the nature of the object. Here we explore such consequences for a putative subsolar-mass
gravitational wave event detected by the LIGO-Virgo-KAGRA Collaboration. We forecast that the
nature of a subsolar binary (made of light neutron stars, primordial black holes, or more exotic
compact objects) can be inferred with a great statistical confidence level already during the ongoing
fourth observing run, based on the large tidal deformability effects on the signal. The detection of
a primordial black hole would have implications for cosmology and dark matter scenarios, while
the measurement of the tidal deformability of a subsolar neutron star could rule out or confirm the
existence of strange stars made of quarks.

Introduction. Since the groundbreaking detection of
a gravitational wave (GW) event by LIGO in 2015 [1], the
LIGO-Virgo-KAGRA (LVK) Collaboration has reported
nearly a hundred GW detections originating from the
coalescence of compact binary systems [2–4]. Current
GW interferometers are capable of identifying compact
binary coalescences in a wide range of masses and are
sensitive to mergers of hypothetical subsolar mass (SSM)
compact objects (with mass m < M⊙). Conventional
formation models [5] suggest that astrophysical compact
objects, such as black holes (BHs) and neutron stars (NSs),
should have masses exceeding the solar mass (see, e.g., [6–
9] for recent simulations), although white dwarfs and NSs
can theoretically be subsolar [10–13].

The detection of SSM compact objects could either in-
dicate a novel formation mechanism beyond the standard-
model stellar core-collapse scenarios [13], or imply ev-
idence of new physics such as primordial black holes
(PBHs) [14–17] (see e.g. [18, 19] for recent reviews) or more
exotic objects [20] such as Q-balls/boson stars (BSs) [21–
23], fermion-soliton stars [24–26], etc. Whatever the case,
such a discovery would have important implications for
astrophysics, cosmology, and fundamental physics.

Observing SSM objects in compact binary coalescing
systems is therefore a primary target for current and
future [27] GW interferometers. Several GW searches
for compact coalescing binaries with at least one SSM
component have been performed using LVK data, but no
conclusive detections have been made [28–31]. However,
in the last concluded LVK observing run, O3b, three
candidates of SSM binary BH events were identified [31],
and one candidate from the O2 data was re-examined
in [32]. None of these candidates were confirmed due to
their relatively high false alarm rates.

The scope of this work is to explore the following ques-
tion: What would be the implications of a putative SSM
GW event? As we will show, already the ongoing LVK
O4 run (and even more so the next O5 run scheduled to
start in 2026) has sufficient sensitivity to discern among
various scenarios, all with very impactful consequences.

In particular, we present the results of thorough
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FIG. 1: The posterior distribution (50% and 90% C.L.) of
mass and tidal deformability in a simulated observation of
a SSM binary NS during O4 (O5) with SNR = 25 (SNR =
44), assuming strange quark matter EoS. Different curves
correspond to theoretical predictions for different NS EoS
and for BSs. As discussed below, such a measurement and
Bayesian EoS selection [33] during O4/O5 would exclude
the ordinary EoS with normal npeµ matter, and would
also exclude the PBH and BS origin of the binary.

Bayesian inferences on the candidate event SSM200308
and on projected O4 and O5 data, using several models
for SSM objects, including PBHs, light NSs, and BSs,
the latter taken as a representative model of exotic com-
pact objects. We show that already SSM200308, if in-
terpreted as a real event, would decisively exclude some
models of NSs and BSs compared to the PBH hypothesis,
based on the large tidal deformability effects on the wave-
form [34, 35]. We will show that in O4 this distinction
would be crystal-clear, confirming or ruling out a putative
PBH event. In the latter case, using O4-O5 data it would
be possible to use tidal-deformability measurements to
decisively confirm/exclude light NSs with strange quark
matter [36, 37], giving a decisive contribution to the quest
for the equation of state (EoS) of nuclear matter at ul-
trahigh densities (see, e.g., [38–40]). As anticipated in
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Fig. 1 and discussed below, this compelling opportunity is
provided by the fact that, in the SSM range, quark stars
have a much smaller radius (and hence much smaller tidal
deformability) than ordinary-EoS NSs, and that overall
the tidal deformability for SSM NSs is very large [34], so
can be more easily measured than for heavier NSs.

Methodology & Models. We use the same method-
ology implemented in Ref. [34], summarized below and
detailed in the Supplemental Material (SM). In particular,
the Bayesian inference on both real and synthetic GW
data is done with the public software BILBY [41]. We
consider quasicircular binaries, for which the waveform
parameters common in all models are

θ = {m1,m2, dL, θ, ϕ, θJN , ψ, tc,Φc, χ1, χ2} , (1)

where m1,2 are the source-frame masses, χ1,2 are the
spin magnitudes, θ = π/2 − δ and ϕ the sky position
coordinates (with ϕ and δ being the right ascension and
declination, respectively), dL is the luminosity distance,
θJN is the inclination angle of the binary with respect to
the line of sight, ψ the polarization angle, tc and Φc the
time and phase of coalescence, respectively.

We consider 6 different models:
i) BH1: the same IMRPhenomPv2 waveform [42] used

in [43] to analyze SSM200308. This model assumes a BH
binary and includes spin precession, so it augments the
parameters listed above with the spin angles. We adopt
the same priors of [43], with extended ranges in some
cases, see the SM for more details.

ii) BH2: this is a simplified BH binary model based
on the TaylorF2 waveform [44], including up to 3.5 post-
Newtonian (PN) terms [45–48] in the point-particle phase,
and up to 4PN spin effects (see Refs. [49, 50] and references
therein for details, e.g. [51–58]) assuming spins aligned
with the orbital angular momentum.

iii) Agnostic: TaylorF2 waveform augmented with the
5PN and 6PN tidal terms in the phase [59], parametrized
in terms of the dimensionless tidal deformabilities Λi (i =
1, 2) of the binary components [34], and with arbitrary
spin-induced quadrupole terms at 2PN [54], parametrized
in terms of normalized quadrupole moments ki (with
ki = 1 in the BH case). Finally, the model includes
the tapering function introduced in [34] (see also [60]) to
account for tidal disruption of objects composing the bi-
nary, which is parametrized in terms of a cutoff frequency
fcutoff = λ̃ffISCO, where fISCO = 4.4 kHz[M⊙/(m1 +m2)]
is the frequency of the innermost stable circular orbit of
the binary, and a slope fslope = δλ̃ffISCO, which controls
the smoothness of the tapering, fixed to δλ̃f = 10−2. In
practice, this model augments BH2 with 5 extra param-
eters: {Λi, ki, λ̃f }. As usually done, we perform the
inference in terms of the effective parameters Λ̃(Λi,mi)
and δΛ̃(Λi,mi), associated to the 5PN and 6PN order con-
tribution to the GW phase (see e.g. [34] for their explicit
expressions). Being the model agnostic, we implement
large uniform priors on the extra parameters (in particu-
lar Λi, ki can be either positive or negative) and the same
priors used in BH2 for the standard parameters.

iv) NS1: this model is based on Agnostic but enforces
some relations among parameters, motivated by concrete
NS models. In particular, we implement the approxi-
mately EoS-independent “Love-Q” relations [61–64] which
relate ki to Λi. Finally, we assume a cutoff frequency given
by the Roche overflow of the secondary star [65–68]. Fit-
ting the numerical simulations presented in Ref. [69], we
estimate [34]

fcutoff/Hz = −26.9 − 35.5
(
m1

M⊙

)
− 3.02

(
m1

M⊙

)2

+1690
(
m2

M⊙

)
− 575

(
m2

M⊙

)2
. (2)

as a function of the binary masses. This fit reproduces the
numerical results with errors < 10% in the range of masses
[0.2, 1]M⊙, and is not very sensitive to the EoS [69]. In
summary, this model has the same parameters of BH2
plus the tidal deformabilities Λ1 and Λ2 that depend on
the EoS and are kept as free parameters.

v) NS2: similar to NS1, but we ignore the Love-Q re-
lations and assume the same spin-induced quadrupole
moments of a BH (ki = 1).

vi) BS: this model implements a system of binary BSs
with strong quartic interactions in the potential, for which
the template was already developed in Ref. [70]. In this
case the parameters θ are supplemented by MB, which
is the mass coupling constant related to the quartic po-
tential [70, 71]. We also insert the waveform smoothing,
which is controlled by the Roche frequency [70]:

fcutoff = c3

πG(m1 +m2)

√
(m1 +m2)3

m1m2
2

[
C(m2/MB)

g

] 3
2

,

(3)
where g ≈ 2.44 and compactness of this BS model is

C(m/MB) ≈ 1

7.5 + 48.8
(

1 − m
0.06MB

)2 . (4)

The tidal deformability is computed as in Refs. [70–72].
Analysis of SSM200308. With a false-alarm rate of 1

per 5 years, SSM200308 stands out as the most significant
SSM candidate identified by the GstLAL pipeline [73]
in both LIGO Hanford and LIGO Livingston detectors.
Although SSM200308 did not generate a trigger in Virgo
with a signal-to-noise ratio (SNR) above the single detec-
tor threshold, Virgo was operational at that time, and its
data is included in our analysis.

SSM200308 was initially analyzed under the assump-
tion that it resulted from the merger of binary BHs,
with reported masses of m1 = 0.62+0.46

−0.20 M⊙ and m2 =
0.27+0.12

−0.10 M⊙ at a redshift of z = 0.02+0.01
−0.01 (90% C.I.) [43].

Recent forecasts, however, showed that the ongoing ob-
serving run O4 could potentially distinguish, through
tidal deformability measurements, whether the trigger
originated from the merger of two PBHs or other SSM
candidates [34]. Motivated by these findings, we conduct
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Model BH1 BH2 Agnostic NS1 NS2 BS

m1[M⊙] 0.65+0.17
−0.15 0.72+0.20

−0.17 0.57+0.13
−0.10 0.59+0.29

−0.08 0.82+0.20
−0.14 0.50+0.10

−0.07
m2[M⊙] 0.26+0.07

−0.04 0.23+0.06
−0.04 0.29+0.05

−0.05 0.27+0.03
−0.08 0.21+0.03

−0.03 0.32+0.05
−0.05

χeff 0.41+0.05
−0.04 0.41+0.22

−0.05 −0.13+0.08
−0.09 0.15+0.16

−0.43 0.72+0.07
−0.26 0.36+0.25

−0.21
χp 0.45+0.26

−0.26 - - - - -
dL[Mpc] 80+37

−29 83+41
−33 97+45

−41 110+139
−50 76+37

−28 106+84
−45

Λ1/105 - - −4+15
−10 5+28

−3 6+8
−5 -

Λ2/107 - - 3+23
−12 1.3+0.6

−0.8 0.3+0.3
−0.3 -

κ1/103 - - 15+347
−351 - - -

κ2/103 - - −287+114
−120 - - -

log10 λ̃f - - −1.01+0.65
−0.42 - - -

MB [M⊙] - - - - - 10+2
−2

log10 B - 0.31 -1.64 -2.68 0.22 -2.26

TABLE I: 90% C.I. inferred for the trigger event SSM200308 using different waveform models: BH1 (no tidal effects,
precession), BH2 (no tidal effects, no precession), Agnostic (generic tidal deformability, quadrupoles, and tidal cutoff
frequency), NS1/2 (two waveform models for light binary NS), BS (a model for BS binaries). The Bayes factors are
defined as Bi = Zi/ZBH1, where Zi is the evidence of a given model and i = {BH2, Agnostic, NS1, NS2, BS}.

Bayesian inferences on the SSM200308 data under the
different hypothesis presented above. Our results do not
alter the low significance of SSM200308 and we do not
claim evidence of this being an actual event, as it may
also have originated from environmental or instrumen-
tal noise. Rather, we show that such long-duration and
low-mass signals could give valuable insight to distinguish
different hypothesis, even more so with the anticipated
improvements in sensitivity of future observing runs.

The results of our analysis are summarized in Table I,
where we show the 90% C.I. for the most representative
parameters. The posterior distributions of the masses are
compatible in all models and at least the secondary mass
m2 could always be statistically inferred to be subsolar
and to satisfy the condition m2 +3∆m2 < M⊙ [49], where
∆m2 is its standard deviation. The results with BH1 are
compatible with the ones reported in Ref. [43]. We adopt
this as the baseline to compare the Bayes factors between
different models. For BH1, we find that the data prefer
a positive effective spin χeff with high significance, while
the precession parameter χp is only weakly constrained.
Assuming the BH2 model, which neglects spin precession,
we find similar results to the BH1 case. Therefore, given
also the Bayes factors reported in the table, we conclude
there is limited evidence for precession in current data.

With the Agnostic hypothesis, we observe that the
posteriors of the dimensionless quadrupoles ki are broad,
which is compensated by a low χeff , so that the corre-
sponding 2PN phase term, controlled by the combinations
kiχ

2
i , remains small. Also, the tidal deformabilities are

large enough to include all possible origins of the SSM
candidate. This can be due to the limited sensitivity at
large frequencies during the O3 run, as well as the strong
preference for a cut-off frequency below the ISCO, as
indicated by the the tapering parameter log10 λ̃f being
inferred to be smaller then zero with large significance.

While the latter would disfavor the binary BH interpre-
tation, the relative log10 Bayes factor to the BH1 case is
negative, possibly due to weakly informative data and the
larger number of parameters in the Agnostic model.

For what concerns the models NS1 and NS2, while the
latter has a Bayes factor similar to BH1, the former shows
a decisive negative difference. We expect that the inclu-
sion of the Love-Q relations is responsible for generating
instabilities at high spins. Note that, despite NS2 not
being statistically disfavored, it infers highly spinning
binary components which could be in tension with a NS
interpretation, since old NSs in the late stages of the
inspiral are expected to rotate slowly [74].

Finally, under the BS hypothesis one would place the
coupling MB close to 10M⊙, but this scenario is deci-
sively disfavored by the data compared to other models,
probably for the same reason of NS1 as in the BS model
we implement its own Love-Q relations [70, 75].

Forecasts for LVK O4/O5. We now show the
prospects of pinpointing the nature of a SSM object in
the ongoing (O4) and next (O5) LVK runs. We focus
on the BH2 and NS2 models, which have similar evidence
in the SSM2003308 analysis (see Table I). We perform
four injection→recovery simulations: i) BH2→BH2; ii) BH2
→NS2; iii) NS2→ BH2; iv) NS2→NS2. For each run, we
sample the parameters in Eq. (1), with the addition of Λi

when performing a NS2 recovery, and assume a frequency
range f ∈ [10, 2048] Hz, as done in [34]. As a working
example, we simulate a binary with the maximum likeli-
hood parameters of SSM200308 [43], at a distance either
corresponding to SNR = 25 in O4 (i.e. SNR ≈ 15 in O3),
or SNR = 15 in O4.

In Table II, we show the corresponding Bayes factors.
We observe that O4 sensitivity is sufficient to distinguish
a PBH signal from the NS one with similar masses, espe-
cially at higher SNR. Our results strongly suggest that,
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should a PBH SSM binary be detected already in O4, it
can be confidently distinguished from a SSM NS binary,
and vice versa. Similar conclusions apply to the BS model
(not shown), which can be decisively excluded in the case
of a BH or NS injection. Furthermore, as shown in Fig. 2,
interpreting a SSM BH binary signal with the wrong NS
model (or vice versa) would introduce a significant bias in
both masses and tidal deformabilities, with the posteriors
of the latter effectively being compatible with zero (with
the C.L. cut to finite small values only due to the assumed
flat prior on Λi, see discussion below). This shows that
a Bayesian model selection for these sources is crucial to
properly identify the nature of the objects.

Detector BH2 → NS2 NS2 → BH2

O4, SNR=15 -3.1 -2.9
O4, SNR=25 -5.1 -11.0

TABLE II: log10 Bayes factors to assess the PBH or NS
origin of a putative SSM event, normalized to the case
where the injection and recovery assume the same model
(i.e. negative values disfavor the wrong hypothesis).

Cosmology & Nuclear Physics implications. Hav-
ing assessed that the nature of a SSM can be confidently
identified, we now turn our attention to the implications
of such putative detection.

In the case of a SSM BH binary detected during O4,
our results show that one can rule out the NS interpre-
tation with decisive Bayesian evidence, mostly through
the observation of the GW signal beyond the expected
disruption frequency (i.e. λ̃f ∼ 1).1 One could then
infer the corresponding PBH abundance fPBH (defined
as the fraction of dark matter energy density made of
PBHs) which controls the merger rate of similar SSM
events. Following the analysis of Ref. [82], based on a
model saturating the GWTC-3 upper bound, one would
need at least fPBH ≳ O(10−2) to explain such a SSM
event, close but not excluded by the most recent bounds
from missing microlensing signatures in OGLE datasets
[83]. Due to the finite width of the PBH mass distribution
(at least dictated by the features of the critical collapse),
one could then expect PBH events also to contaminate
the stellar mass range. While such observation would
point towards an important role of PBHs in the evolution
of large-scale structures (see e.g. [84–88]), it would also
strengthen bounds from indirect detection of particle dark
matter, which is largely incompatible with an abundant
population of compact objects boosting the annihilation
J-factors [89–93]. Finally, the existence of a PBH popula-
tion would require specific setups in the early universe,

1 We are neglecting here the possible impact of environmental
effects which could generate non-zero tidal effects in the relatively
low-frequency range of the inspiral signal [60, 76–81].
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FIG. 2: Upper panel: posterior distribution of the masses
for the O4 simulations. The dashed line corresponds to
fixing the chirp mass M to the injected value, showing
that fitting with the incorrect model mostly biases the
inferred symmetric mass ratio. Lower panel: same but
for the tidal parameters. The black marker locates the
injected values.

either deviating from the vanilla slow roll inflationary
scenario [94] or other formation mechanisms based on
new physics (see e.g. Ref. [95]). Another nonprimordial
explanation could be subsolar BHs formed from stellar
transmutation triggered by dark matter accretion [96–
102], which anyway require new physics.

If the SSM objects are identified as light NSs, the large
tidal effects can be exploited to constrain the NS EoS.
This was anticipated in Fig. 1, showing the projected
constraints on Λi and mi inferred from an injection using
NS2 with a typical O4/O5 SNR. As a proof of principle,
we assume an EoS for strange quark matter (SQM3 [38])
compatible with NSs with mass up to ≈ 2M⊙ (as re-
quired by pulsar observations [103]). In the SSM range,
this EoS predicts NSs with significantly smaller tidal de-
formability and radius than ordinary EoS produced by
npeµ matter. Thus, if the event is generated by SSM
strange stars, the upper bounds on Λ2 (i.e. the lighter
object) are already tight enough in O4 (and especially O5)
to disfavor ordinary EoS at more than 90% confidence
level, while the bounds on Λ1 (i.e. the heavier object) are
less constraining.

Notice that the lower bounds Fig. 1 (and Fig. 2, bottom
panel) are influenced by a volume effect, since uniform
priors on Λi tend to overestimate the posterior at larger
values, and the simulated analyses are still prior dependent
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due to the relatively low SNR. To mitigate this, one
could instead adopt log-uniform priors for Λi. Our choice
remains conservative when estimating the upper bounds.

Distinguishing strange quark stars from ordinary NS
supported by soft matter is more challenging, since in
this case the predicted smaller Λ2 can be compatible
with the upper bounds. This is the case of the WFF1
EoS [104] and (marginally) of the APR EoS [105], which
indeed cannot be excluded solely from the bounds shown
in Fig. 1. However, note that the analysis in Fig. 1 is
conservative, since the inference is performed considering
Λ1 and Λ2 as independent parameters while in reality,
for a given EoS, they are fixed in terms of the binary
masses. To obtain stronger constraints one could perform
a Bayesian model selection between two specific EoS
models, implementing the EoS-dependent relations Λi =
Λi(mi) to reduce the number of parameters, as done in
Ref. [33] for ordinary NSs. The results of this analysis
are presented in Table III, showing the Bayes factors
for two injections (with different mass ratio) assuming
APR (or WFF1) EoS and recovery with SQM3, and vice
versa. A reference detection in O4 would already decisively
exclude APR if the signal was generated by strange stars,
whereas the opposite case is less constraining, because the
tidal deformability of APR is larger than that of SQM3
and the lower bounds shown in Fig. 1 are not stringent.
Remarkably, however, the same putative event detected
during O5, or a comparable-mass light SSM binary in
O4, would allow distinguishing between APR and SQM3
with exceptionally high statistical confidence. Excluding
WFF1 requires higher SNR or light comparable-mass SSM
binaries, since in this case the tidal deformability is more
similar to that of SQM3. One would need O5 sensitivity
(corresponding to SNR = 44) and both SSM components
to exclude WFF1 from SQM3 with high confidence.

Overall, we conclude that a putative SSM event de-
tected during LVK O5 run would allow to rule out or
confirm the existence of stars made of quarks. This would
translate into very stringent constraints on the NS masses
and radii, as summarized in Fig. 3, showing a scarcely
constrained region of the typical mass-radius diagram of
a NS. Since strange stars have significantly smaller radii
than ordinary NSs in the SSM range, the constraints on
the mass-radius diagram are very informative.

Conclusions. We have explored the implications of a
putative SSM event detectable by current GW interfer-
ometers. Such detection would be a milestone for astro-
physics and cosmology, potentially providing the first GW
evidence for new physics. We showed that the past O3
LVK sensitivity was insufficient to confidently distinguish
between different SSM models. However, the situation
will drastically change during the ongoing O4 run and,
especially, during the future O5 run. We showed that for
a typical SSM event detected in O4, one can confidently
identify the nature of the objects (BHs, light NSs, or more
exotic BSs). In case data favor a BH interpretation, this
would likely imply that PBHs comprise a sizable fraction
of dark matter, and that also some stellar-mass mergers

Detectors m1[M⊙]
APR →
SQM3

SQM3 →
APR

WFF1 →
SQM3

SQM3 →
WFF1

O4, SNR = 25 0.63 −1.9 −3.8 0.1 −0.4
0.27 −10.2 −19.9 −2.7 −5.0

O5, SNR = 44 0.63 −7.0 −12.3 -0.2 −1.0
0.27 −37.5 −88.8 −11.3 −25.1

TABLE III: Same as Table II, but for different EoS in
NS2. For all the runs, we assume that m2 = 0.27M⊙. The
source luminosity distance is dL = 51 Mpc (dL = 36 Mpc)
for m1 = 0.63M⊙ (m1 = 0.27M⊙).
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FIG. 3: The projected mass and radius of subsolar NS
obtained from the measurement of the tidal deformability,
assuming a subsolar NS binary with SQM3 EoS detected
in O4 and O5 with SNR = 25 and SNR = 44, respectively.
The 90% contours are obtained by mapping the posteriors
of Λi and mi (with injection m1 = 0.63M⊙ and m2 =
0.27M⊙) into those of the radii of the binary components,
assuming a relation between Λ and the star’s compactness
valid for SQM1-3.

in LVK data should be primordial. On the other hand,
in case data favor the light NS hypothesis, O5 sensitivity
would allow placing stringent upper bounds on the tidal
deformability, which could be used to confirm or rule out
NSs made of strange quark matter. Overall, our results
show that current interferometers have the potential to
unveil exciting implications of a SSM detection, and we
hope this potential will be fulfilled in the near future.
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Supplemental Material

A. Parameter estimation

We provide here some additional details on the techni-
cal aspects of parameter estimation analyses performed
in this work. We are interested in estimating the pos-
terior distribution p(θ|s) of a set of hyperparameters θ,
conditioned by the detection of a total signal

s(t) = h(t,θ) + n(t) (5)

where h(t,θ) is the GW signal, and n(t) is the station-
ary noise component due to the interferometer(s). The
posterior distribution can be approximated as

p(θ|s) ∝ π(θ)e− 1
2 (h(θ)−s|h(θ)−s) (6)

in terms of the prior distribution π(θ). The inner product
adopted in Eq. (6) is defined as

(g|h) = 2
∫ fmax

fmin

df h̃(f)g̃∗(f) + h̃∗(f)g̃(f)
Sn(f) , (7)

in terms of the Fourier-transformed quantities and the de-
tector noise power spectral density, Sn(f). The frequency
band [fmin, fmax] of interest depends on the specific detec-
tor. The SNR is given by SNR =

√
(h|h) [106–108].

Bayes’ theorem states then that

p(θ|s) = L(s|θ)π(θ)
Z(s) , (8)

where we defined:

• L(s|θ) is the probability of having a signal s given the
(source) parameters θ, and is known as the likelihood
function; the choice of the likelihood is linked to the
noise model that we adopt, for instance, a Gaussian
one (see, e.g., [109]);

• π(θ) indicates the prior probability distribution of hav-
ing the set of parameters θ; it represents our knowledge
about θ before we make the measurement; and

• Z(s) is the evidence, or marginal likelihood, that is,

Z(s) =
∫

L(s|θ)π(θ)dθ (9)

where the integral is intended over the full n-
dimensional parameter space.

We carried out Bayesian inference with the public soft-
ware BILBY [41], which makes use of DYNESTY nested
sampling [110]. To speed up the simulations, we imple-
mented the relative binning technique [111], which greatly
speeds up the likelihood evaluation by expanding it over
some fiducial parameters. For the real-data part, the
relative binning also requires a set of fiducial parame-
ters [112], which are the ones that are meant to maximize
the likelihood. Since these are not known a priori, we
have obtained maximum likelihood estimates by iterating
an optimization algorithm that makes use of routines
in the SciPy library. To compute the Bayes factors of
different models, we adopted the same broad priors for
all inferences (see next section). To speed up the analysis,
the only parameter for which we assume a narrow prior
is the chirp mass, which is always well-measured.

B. Parameter priors

We report the priors adopted in our inference analyses
in Table IV.

Parameter Lower boundary Upper boundary

M [M⊙] 0.351 0.355
η 0.10 0.25
Λ̃ -106 106

δΛ̃ -1.5 · 107 1.5 · 107

χ1 -0.9 0.9
χ2 -0.9 0.9
κ1 -0.5 · 103 0.5 · 103

κ2 -0.5 · 103 0.5 · 103

dL [Mpc] 5 300
θJN 0 π

ϕ -π π

δ -π/2 π/2
α 0 2π
ψ 0 π

tgeocent ttrigger − 0.1s ttrigger + 0.1s

TABLE IV: Parameters adopted in the analysis. All priors
are defined to be uniform within the reported boundaries,
except for dL (uniform in source frame), δ (cosine), and
θJN (sine). We further used the trigger time ttrigger =
1267725971.0234s reported in [43] for SSM200308.

C. Fits for tidal deformabilities

We compile here the fits utilized throughout this work.
In deriving the Bayes factors presented in Table III and
in performing EoS selection with the NS2 model, we
connected the tidal deformability to the masses through
the approximated relation

log10(Λ) = a0 + a1 log10(m) + a2 log2
10(m) (10)
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EoS a0 a1 a2

APR 3.25832 -5.09578 -0.40728
WFF1 3.05497 -4.97712 -0.30354
SQM3 3.40331 -4.25522 -0.49287

TABLE V: Coefficients in Eq. (10) for the EoS considered
in Table III.

whose coefficients have been numerically fitted for each
EoS and are reported in Table V. The fits are accurate
within 10% in the mass range ∈ [0.2, 1]M⊙, with an
average error below 2%.

To map the posterior into the mass-radius plane, as
shown in Fig. 3, we used the following expression to

approximate the relationship between a strange star’s
compactness and its tidal deformability.

C(Λ) = a · Λ− 2
5 + b · Λ− 1

5 + c , (11)

where

a = −7.05845 × 10−1

b = 8.46607 × 10−1

c = 7.60135 × 10−4

Because the SQM1-3 models only differ by a dimensional
scale factor [38], the correspondence between dimension-
less quantities such as C and Λ remains unaltered when
changing from one SQM EoS to another, so that the same
coefficients describe the three cases. The accuracy of the
fit in the range of masses ∈ [0.2, 1]M⊙ is within 0.5%.
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