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Masses In the Stellar Graveyard

in Solar Masses
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Unique equation of state

Microscopic properties
of dense matter
in beta equilibrium

Macroscopic properties
of compact objects
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Anatomy of a BNS coalescence
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Anatomy of a BNS coalescence: Inspiral
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Data Visualization by J. Read
Numerical data by Tim Dietrich (AEI/FSU/BAM Collaboration)
/ Phys. Rev. D95(12):124006 and Phys. Rev. D95(2):024029
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GWI170817 masses

The mass ratio is A 1lms
measured less well x ~ 0. T

/ The mass ratio is
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Anatomy of a BNS coalescence: Late Inspiral
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Effect of equation of state

Larger NSs emit

energy faster, Smaller NSs take
accelerating the longer to merge
inspiral
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Simulations by Kenta Hotokezaka
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Tidal interactions

- - o
o ” S~

~
-----

Credit: Aaron Zimmerman

Tidal deformability

Qij = —A&ij

Calder

The tidal deformation speeds up the inspiral (observable)
and it depends on the equation of state y



In practice with ) )
current sensitivity & = 6 (M1 + 12ma)miAs + (ma + 12ma)m3 A,
13 (m1 + m2)5

we only measure:
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Constraints on neutron star sizes

GWs constrain the high side (A ~ R9),
X-rays constrain the low side (C' ~ R~
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Legred+ (including KC) (arxiv:2106.05313)
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Speed of sound

soft at low densities (GW170817) +
stiff at high densities (Heavy PSRs) =
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Constraints on the full equation of state
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Intra-density correlations

Models might introduce unphysical (or at least unjustified) correlations
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The maximum mass from the EoS
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Anatomy of a BNS coalescence: post-merger
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Data Visualization by J. Read
Numerical data by Tim Dietrich (AEI/FSU/BAM Collaboration)

19 PRD 95 124006, PRD 95 024029
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Prompt Collapse HMNS or short-llved SMNS long-lived SMINS
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Post-merger signal

high frequency

complicated morphology
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t=10.2876 ms

The location of

the peak depends
on the EoS
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Instrumental upgrades
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Quark phase transition
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Neutron star cores
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Mixed neutron star-black hole binaries

BBH-like signal

M., M=0.028
~ 600 800
Signal shuts off
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Observations
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The next steps

+52
~10775 BNS

detections

Updated
16 March 2022
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Pulsar timing arrays
(nHz; 10°M,,)
LVC (G2002127 Tech Doc) 27




Even further ahead
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