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Neutron stars in LVK O3

BNS rate of ~ 440 Gpe > yr”

NSBH rate of ~ 60 Gpe™> yr”

cf. post-6W 1720817 BNS rate
ectimate of ~ 3800 Gpc'g yr’1

or BBH rate of ~ 35 5,00'3 yr'7
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https://arxiv.org/abs/1304.0670

What to expect in LVK O4?

BNS range of ~ 190 Mpe, search /T of ~

0.016 6P03 yr (VK (RR 2020 (VK/Hannah Middleton/0zGrav
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NSBH range of ~ 330 Mpe, ~ 5x larger
cearch /T but ~ ?x lower rate than BNSe

o~ 5 expected NSBH detections
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(VK 05 (ca. 2025) ic projected to increase
cearch l/Is by another ~ 5x



https://www.ligo.org/science/Publication-O3bCatalog/images/medianBNSRange.png
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Multimessenger forecasting
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80% of BNS mergers ectimated

to produce a kilonova, but only ~

10% will be detectable

Colombo+ Ap] 2022, ef. Patricelli+ MNRAS 2022
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EM counterpart in 09
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Future BNS tidal measurements

my (M) = (1679.445%%) x 1072

ctatictical ervor of £100 in binary
tidaf de/'ormabi/ity in 05

\ Wachner+PL+Read (in prep)
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5PN tidal parameter I\ : measvrable
6PN tidel parameter O\ : not measurable!

6W170817 (SMR = 32) would have
had SVR = 2400 if detected in XG!

ma (M) = (1508.8745) x 1073

A = 3804370
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https://arxiv.org/abs/2103.12274

Inferring dense matter properties from GWs
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hierarchical Bayesian EOS inference from Gl observations
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https://arxiv.org/abs/1805.11581
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Astrophysical uncertainties
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chape of the NS mass distribution: uniform or bimodal?

BNS (or NSBH) pairing Function: random or preferentiafly

equal-mass?

lower mass gap: disjoint, contiguous, or overlapping NS and

BH mass cpectra?

maximom mase in the NS population: less than, equal to, or

larger than MTOV?

NS cpin distribution: fast or slow?
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Does the population really matter?

Ecsick+PL Ap] 2020

population ascumptions inform the clascification of

6W 190814 ac a NSBH or a BBH merger, and
ctrongly impact the inferred maximum TOV mase
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https://arxiv.org/abs/2007.01372

Population assumptions in EOS inference

Fixed (but uncertain) population model
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When does the population matter?

imposing the wrong
population-level
mass prior can biag
the inferred EOS
after 0(10) BNS

observatione
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https://arxiv.org/abs/2001.01747

When does the population matter?

Biccoveanu+ Talbot+itale MVRAS 2022
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https://arxiv.org/abs/2111.13619

Simultaneous EOS & population inference

population model no longer fixed!
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Inferring dense matter properties from GWs
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hierarchical Bayesian EOS inference from Gl observations
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https://arxiv.org/abs/1805.11581
https://arxiv.org/abs/1710.11576

EOS modeling & uncertainty quantification

EOS parameterizations

e.g- piecewice polytropes Read+ PRD 2005,
cpectral decomposition Lindblom PRD 2010,
cound speed parameterization Tews+ PRC 2018
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https://arxiv.org/abs/0812.2163
https://arxiv.org/abs/1009.0738
https://arxiv.org/abs/1804.02783
https://arxiv.org/abs/1608.06187

EOS modeling & uncertainty quantification

/Vonpammetm‘c representations

directly cpecify the distribuvtion over functione
that ic Pless)!

e.9. baussian procecses Pl+Ecsick PRD 2011,
el Millers ApJl 2027, also machine learning
modelc Morawski+Bejger ARA 2020, Han+ Ap] 2021

the Gavscian procese for the EOS ic a probability
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https://arxiv.org/abs/1811.12529
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Desighing phenomenological EOS priors

14

data-driven” actrophysical EOS inference philosophy: prescribe prior spanning all physically allowed EOSe

<> beware: parametric EOS models can introduce artificial intra-density correlations (cqred: (incl PL) PRD 2022
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https://arxiv.org/abs/2201.06791

Desighing phenomenological EOS priors

14

<:ata—a(riveu " astrophysical EOS inference philosophy: prescribe prior cpanning all physically allowed EOSs

beware: parametric EOS models can introduce artificial intra-density correlations (cqred+ (incl PL) PRD 2022
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https://arxiv.org/abs/2201.06791

Beyond EOS phenomenology

condition a phenomenological EOS prior, like
the Gavscian process model, on chiral EFT
calculations at fow densities
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Beyond EOS phenomenology
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.063007
https://arxiv.org/abs/1902.05502
https://arxiv.org/abs/1910.09740

Outlook

In the next campaign of (VK observations, we can hope for...

o ceveral BNS mergers with measvrable tidal effects
o half a dozen more NSBH mergers

°  maybe an EM counterpart or two

In order to fake full advantage of the dense-matter information thece louder, more numerovs cignals will

provide, we need...

©  more careful treatments of systematice in EOS modeling
o closer intfegration between nuclear theory/experiment and astrophysics

o gimuftaneovs population and EOS inference
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Bonus slide: XG sensitivity
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https://arxiv.org/abs/2109.09882

Bonus slide: XG BNS observations

my (M) = (1679.445%%) x 1072

Ay = 3807470

6W170817 (SMR = 32) would have
had SNR = 2400 if detected in XG!
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https://arxiv.org/abs/2103.12274

Bonus slide: XG tidal measurements
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Bonus slide: XG NS tides & raqii

Wachner+Read+PL (in prep)

— SLy EOS, g=1
—— HILI1VI, Low Spin
—— CE/ET, Low Spin
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correlations corrently used to map befween
tides and radii break down in X6 era!
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https://arxiv.org/abs/1805.11581
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