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M~Msun ~1030 kg
R~10 km 
n~M/R3 ~ 1018 kg/l



Before 17/08/2017
:

Predictions on NS 
binaries

• Gravitational Waves
• X-ray bursts
• Short ray bursts
• R-process
• kilonova



Binary NS-NS systems : gravitational waves

sources  



Russel Hulse & Joseph Taylor:
Indirect discovery of GW
(Nobel 1993)





2015, september 14: first 

direct detection of GW

(Nobel 2017)



A multi-messenger
discovery





NGC4993 : 
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The Equation of State
• Condensed matter: 𝑃 𝑛, 𝑇 ൌ 𝑛ଶ డ௘

డ௡
 

Neutron stars:
M~Msun ~1030 kg
R~10 km 
n~M/R3 ~ 1018 kg/l

Nuclear interaction is
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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FModelling NS mergers: hydrodynamics

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 quadrupole moment which
accelerates the coalescence

• Coalescence time is determined by the 
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Tidal polarizability

B.Abbott et al. (LIGO) PRL 119,161101(2017)
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How to recognize the 
« true » EoS model?



The contribution of nuclear
experiments

• Definition of empirical parameters

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  
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o The expansion coefficients (empirical parameters )can be
constrained comparing the functional predictions with
data, 
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Constraining the empirical parameters:

Observation EoS
prediction

Nuclear
theory

Nuclear
experiment

constraint
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Experimental constraints

M.Fortin et al, PRC 2016



Present status of the predictions
T.Malik ArXiv:180511963

J. Margueron, R.Casali and F. Gulminelli,  PRC97(2018)025805 
PRC97(2018)025806
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I.Tews, J.Margueron, S.Reddy, INT-PUB-18-014

Chiral EFT

Drastic improvement if 
the high density EoS is constrained!



How to further
constrain the high   

density EoS?



Strategy I: high density constraints
J.Xu, PRC 2013

AsyEOS@GSI (2016)

FOPI-LAND   
@GSI (1993)

P.Russotto et al,PRC 2016

Differential elliptic flow for Au+Au
400 A.MeV



Strategy II: high 

precision

X.Vinas et al 2014
P.G.Reinhard, W.Nazarewicz 2016
D.Chatterjee, F.G. 2017
J.Yang, J.Piekarewicz 2017

F.G, A.Raduta 2018

Exp: rnp= 0,1318-0,3072



Strategy II: high 

precision

F.G, A.Raduta 2018

X.Roca-Maza, G.Colo, H.Sagawa 2018

Recent review: X.Roca-Maza, N.Paar Prog.Part.Nuc.Phys.2018



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 Data at supersaturation density (HIC)
o Precision measurements at subsaturation (skin, isovector collective 

modes)
o Theory (ab-initio modelling, phase transition)


