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GW from NS mergery and tire
nucleor EoS

* Neutron stars and NS mergers: present status and
predictions

 The 17/8/2017 multi-messenger event
 Modelling NS: the nuclear EoS and the GW signal
* The present status of the EoS and perspectives
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Before 17/08/2017

Predictions on NS
binaries

« Gravitational Waves
« X-ray bursts

« Short y—ray bursts

* R-process

« kilonova



Binary NS-NS systems : gravitational waves

sources
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Russel Hulse & Joseph Taylor:

Indirect discovery of GW
(Nobel 1993)
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Spectrum of BBH inspiral, scale to 1.35-1.35, 45 Mpc
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2015, september 14-: first
direct detection of GW
(Nobel 2017)
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' LIGO and Virgo make first
detection of gravitational
waves produced by colliding
neutron stars

Discovery marks first cosmic event
observed in both gravitational
waves and light.
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nucleor EoS

* Neutron stars and NS mergers: present status and
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 The 17/8/2017 multi-messanger event
 Modelling NS: the nuclear EoS and the GW signal
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The Equation of State

« Condensed matter: P(n,T) = n*—

(MeV.fm™?)
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Neutron stars:
M~M,,,, ~103%° kg
R—10 km

n~M/R3 — 108 kg/I

= Nuclear interaction iIs
needed to compute the
pressure

= An effective theory for the
nuclear energy functional



Modelling Neutron stars:
hydrostatics

« Tolman Oppenheimer Volkoff: from general relativity
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Modelling NS mergers: hydrodynami

=0 ms

S, Rosswog

S. Rosswog, T. Piran and E. Nakar, MNRAS 430, 2585 (2013)
T. Piran, E. Nakar and S. Rosswog, MNRAS 430, 2121 (2013)




Tidal polarizability

--

* The tidal field of the companion induces a
mass gquadrupole moment which
accelerates the coalescence

« Coalescence time is determined by the

- . ‘- 2 c?® R 5
tidal polarizability A = -k, (EH)



Spectrum of BBH inspiral, scale to 1.35-1.35, 45 Mpc
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Spectrum of NS-NS inspiral, 1.35-1.35, 45 Mpc

~True EOS unknown!

™ o . T ]

= ' \GO
IE 1 0—22 \(\'\\'\'a\\f _
- NS-NS EOS HB
Al
O 10_23 3 E
-
(4]
R AdvancedLIGO
\:: o4 NS-NS
< 10— L merger E
U) AFTER
; . NSNS
" Ernstem Telescope merger
10—251 . P R J D . i
10 50 100 500 1000 5000

f(Hz)
J. Read, CGWAS 2015 49




Spectrum of NS-NS inspiral, 1.35-1.35, 45 Mpc

102 - ~ True EOS unknown!
;; ' \GO
z% 10-22 ; \‘\-\»\'\a\\, :
= tio NS-NS EOS 2H
[\ I a/effe
10728 E E
2 z
& /|
R [ AdvancedLIGO ns.ns
‘: B merger
< 10 e 3
m .
_ Einstein Telescope
10—25J ‘ R B . B . .
10 50 100 500 1000 5000

f(Hz)
J. Read, CGWAS 2015 50 9




n=2u(28) Tidal polarizability
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How to recognize the
<« true » EoS model?




The contribution of nuclear

experiments =

Definition of empirical parameters Z

o The EoS is the derivative of the energy functional
e(n,, n,) energy per baryon

o In the absence of a phase transition, the functional can be
written as a Taylor expansion

e(n,8) = es(n) + ey (n)d? + 0(6%)
1 1 1
- (EO +—Kox* + 0(x3)> + (]0 + 2 Lx + — Kgymx® + O(x?’)) 52
o0 The expansion coefficients (empirical parameters )can be

constrained comparing the functional predictions with
data,



Constraining the empirical parameters:

jumping across the scales!
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Experimental constraints
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Present status of the predictions
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Drastic improvement if
. the high density EoS iIs constrained! .




How to further
constrain the high
density EoS?



Strategy [: high density constraints

J.Xu, PRC 2013
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F.G, A.Raduta 2018
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Strategy Il: high

precision
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Conclusions

 The multi-messanger 17/08/17 NS merger
observation has spectacularly confirmed all the
théoretical predictions on NS mergers

« GW are a new observable for the nuclear EoS

 Advances on the nuclear EoS require better
constraints on high order derivatives

o
o

Data at supersaturation density (HIC)

Precision measurements at subsaturation (skin, isovector collective
modes)

Theory (ab-initio modelling, phase transition)



