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Masses in the Stellar Graveyard

in Solar Masses

LIGO-Virgo Black Holes
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Masses in the Stellar Graveyard

in Solar Masses
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http://iopscience.iop.org/issue/2041-8205/848/2

Tidal deformations in binary neutron star inspirals
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The tidal deformation of each star can be parameterized as A = f(m, R, FOS)
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Tidal deformability
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on companion
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Tidal deformability
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dimensionless tidal deformability:
5%
5 2 Ry ¢ A is a measurement of how
A= )‘/m A1,2 = Sko| =—— deformable the neutron star is
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How does the tidal deformation connect to the nuclear
equation of state?

3.0
A= f(m,R,EOS)
2.5
2.0 Each proposed equation of state
) generates a specific mass radius curve

We are trying to find what the
nuclear equation of state is
using GW170817
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Effect of tidal deformability on gravitational waves

Information about the tidal deformability is encoded in the phase of the
gravitational-wave signal

O(t) ~ go(M;t) [1 +¢1(n;) (%)2+ e+ Ps(As1) (%)10}

chirp mass

(m1m2)3/5

(mg —|—m2)1/5

symmetric mass ratio
(m1m2>
2
mi -+ m2>

N = ( binary deformability
i E (m1 + 12m2)m‘11A1 + (mg + 12m1)m§A2
13 (m1 + m2)®
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Effect of tidal deformability on gravitational waves

Information about the tidal deformability is encoded in the phase of the
gravitational-wave signal

O(t) ~ go(M;t) [1 +¢1(n;) (%)2+ e+ P (As1) (%)10}

1e-20
— BBH | |
2 BNS , r H
c 1 | I
S o
(dp)
_1 u
-2 '
|
-0.05 -0.04 -0.03 -0.02 -0.01

Time (s)

1% Los Alamos

AAAAAAAAAAAAAAAAA



What else is encoded in the gravitational wave data

Parameter space §

e Component masses : mi, M2

e Component spins : S_i, S9

. Distance to the source - dr Bayesian inference analysis
of GW data to extract

e Source location and orientation : @, 0,1, these parameters

e Coalescence time and phase : te, gbc

e Component tidal deformabilities : A, Ao
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Common equation of state for GW170817

—6

Axm

SD et al., Phys. Rev. Lett. 121, 091102 (2018)
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TOV integrations for thousands of
physically realistic EOSs

—6
Gm
A= (R—>

Every equation of state allows a
very small variation of radius.
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Common EOS constraint



Measurement of neutron star tidal deformabilities and

radii from GW170817
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SD et al., Phys. Rev. Lett. 121, 091102 (2018)
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GW170817 constraints on equations of state

ChiralSoftest, Bghjpisoftest = 2.1
Chiral 14125, B§hp-14125 = 2.3
Chiral 3836, BSR4 = 2.7
Chiral Soft1, BShR-St = 2.8
Chiral 230, BEH-2%0 = 2.8
Chiral 8428, BSRE-S128 = 2.4
Chiral 13990, BFAE-13990 = 2.4
Chiral_mid2, Bgh-mid2 — 11
SLy, By = 0.96

MPA1, BAEA! = 0.26

Chiral 4264, BE-1261 = 0.21
Chiral Stiffest 2nsat, Bhjp!-Stiffest-2nsat — 0 21
Chiral 10306, Bh»-10306 = 0.2
Chiral 10549, BSh-10549 = 0.17
Chiral 2544, BSEEI-254 = 0.12
Chiral 12975, BSAE-1297 = 0.17
Chiral 1239, BEH-12% = 0.14
Chiral_mid1, Bgh-midl — 0.039
H4, BHL, = 0.022

MS1, BYSL = 9.5e-05
ChiralStiffest, Bgh'Stifest = 5 3e-06
Chiral 5743
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For GW170817,
gravitational waves alone
cannot distinguish between
a binary black hole and a
binary neutron star merger

See also: Abbott et al 2020, CQG 37 045006
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Information from electromagnetic counterparts of
GW170817

BH
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2 Diagram adapted from: Bartos et al. (2013) CQG 30, 123001
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Multimessenger constraints on allowed equations of state
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Implications of the radius measurement:

Prospects of observing a neutron star - black hole merger
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Comparison of radius measurements for a 1.4MQ

neutron star
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Breschi et al. (2021) MNRAS 505, 1661
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Prospects of improving constraints with future
observations

A= 234%]8 207*33 1907710

R ' ! i ¢ Using simulated signals at
Lo | i SNR ~100 we find ~2.9x
Lo | i improvement in
(I : s measurement uncertainty
= e Gravitational waves alone will
12.0 3 be able to constrain upper
I and lower bounds of tidal
—~ 11.4 - deformability and radii for
£ < high SNR signals
=~ 108 e
% e e Low SNR signals would need
o 10.2 5 combination of information from
> GW + EM + nuclear theory
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Thank you for your attention! '

soumide@Ilanl.gov
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