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The long-awaited event GW170817



GravitationalWave GW170817 and Gamma-Ray Emission GRB170817A



The Neutron Star Merger Dance
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GravitationalWavesfrom Neutron Star Mergers

Neutron Star Collision (Simulation) Collision of two Black Holes

Difference due to tidal deformation 
in the late Inspiral phase



GW170817:
Restrictionson Equationof State (EOS) and MassRatio

MeasuredMassRatio of GW170817
(for high and low spinassumption) 

TidalDeformability(high low spinassumption) 



Numerical Relativity and Relativistic Hydrodynamics 
of Binary Neutron Star Mergers

(3+1) decomposition of spacetime

All figures and equations from: Luciano Rezzolla, Olindo Zanotti: Relativistic Hydrodynamics, Oxford Univ. Press, Oxford (2013)

Numerical simulations of a merger of two compact stars 
are based on a (3+1) decomposition of spacetime of the 
Einstein and hydrodynamic equations.



HMNS Evolution for different EoSs
High masssimulations(M=1.35 Msolar)

Central value of the lapse function Ŭ
c

(upper panel) and maximum of the rest mass 
density ́

max
in units of ́

0
(lower panel) versus time for the high mass simulations. Mass-Radius relation for different EOSs 



Neutron Stars, Hybrid Stars, Quark Stars and Black Holes



The Hadron-Quark Phasetransition

Credits to http://inspirehep.net/record/823172/files/phd_qgp3D_quarkyonic2.png
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Time-averagedRotation Profilesof the HMNSs

Time-averaged rotation profiles for different EoS

Low mass runs (1.25 Msolar, solid curves), high mass runs (1.35 Msolar, dashed curves).

( R* , ɋ* )
Soft EoSs:

Sly

APR4

Stiff EoSs:

GNH3

H4



GW170817: Evolution of the HMNS until BH formation

The highly differentially rotating 
hypermassive/supramassive
neutron star will spin down and 
redistribute its angular momentum 
(e.g. due to magnetic braking, 
viscosity effects). After ~1 second 
it will cross the stability line as a 
uniformly rotating supramassive
neutron star (close to Mmax) and 
collapse to a black hole. Parts of 
the ejected matter will fall back 
into the black hole producing the 
gamma-ray burst.

ConstrainingtheMaximum Massand the EOS
L.Rezzolla, E.Mostand L.Weih

(arXiv:1711.00314v1, 1 Nov 2017)



Time Evolution of the GW-Spectrum

The power spectral density profile of the post-merger emission is characterized by several distinct 
frequencies fmax, f1 , f2 , f3 and fΨϾΦ. After approximately 5 msafter merger, the only remaining dominant 

frequency is the f2-frequency (See L.Rezzollaand K.Takami, arXiv:1604.00246)

Evolution of the frequency spectrum of the emitted gravitational waves for the stiff GNH3 (left) and soft APR4 (right) EOS.

Stiff EOS Soft EOS

Unfortunately, 
due to the low 
sensitivity at high 
gravitational 
wave frequencies, 
no post-merger 
signal has been 
found in 
GW170817.

But advanced 
detectors / next-
generation 
detectors will be 
able to detect!



The Twin Star collapse

M. Hanauske, Z.S. Yilmaz, C. Mitropoulos, L. Rezzollaand H. Stöcker

"Gravitational waves from binary compact star mergers in the context of strange matter", in Proceedings SQM2017

Radial oscillations of twin star configurations  



How to observe the QGP with gravitational waves from NS mergers?

The appearance of the hadron-quark phase transition in the interior 
region of the HMNS will change the spectral properties of the 
emitted GW if it is strong enough. If the unstable twin star region 
×ÉÌÌ ÂÅ ÒÅÁÃÈÅÄ ÄÕÒÉÎÇ ÔÈÅ ȰÐÏÓÔ-ÔÒÁÎÓÉÅÎÔȱ ÐÈÁÓÅȟ ÔÈÅ ÆΨ-frequency 
peak of the GW signal will change rapidly due to the sudden speed 
up of the differentially rotating HMNS.

Hybrid star mergers represent optimal astrophysical laboratories to investigate the QCD phase structure and in addition
with the observations from heavy ion collisions it will be possibly reach a conclusive picture on the QCD phase structure at high 
density and temperature.



Summary

ÅOn August 17, 2017, a long-awaited event has taken place: the Advanced LIGO 
and Virgo gravitational-wave detectors have recorded the signal from the 
inspiraland merger of a binary neutron-star system. 

ÅThe analysis of the gravitational wave data in combination with the 
independently detected gamma-ray burst and electromagnetic counterpart 
results in a neutron star merger scenario which is in good agreement with 
numerical simulations of binary neutron star mergers performed in full general 
relativity.

ÅDuring the post-merger phase, the value of central rest-mass density will reach 
extreme values and it is expected that a hadron-quark phase transition will be 
present in the interior region of the HMNS.

ÅAstrophysical observables of the hadron-quark phase transitionmay be 
detectable when advanced gravitational wave detectors reach design sensitivity 
or with next-generation detectors.


