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he Iong-awalted event GW170817

High-spin priors (7| < 0.89)
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Gravitational Wave GW170817 and Gamma-Ray Emission GRB170817A

Lightcurve from Fermi/GBM (50 — 300 keV)
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The Neutron Star Merger Dance

Credits to Riedberg TV and the

Hessisches Kompetenzzentrum
fir Hochleistungsrechnen
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The Neutron Star Merger Dance
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Gravitational Waves from Neutron Star Mergers

Neutron Star Collision (Simulation) Collision of two Black Holes

| | | |

Inspiral Merger Ring-
down
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Main difference:.
In binary neutron star mergers a
1/ | | | | Post-Merger Phase
/=5 often exists




GW2170817:

Restrictions on Equation of State (EOS) and Mass Ratio
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Numerical Relativity and Relativistic Hydrodynamics
of Binary Neutron Star I\/Ierg

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

All figures and equations from: Luciano Rezzolla, Olindo Zanotti: Relativistic Hydrodynamics, Oxford Univ. Press, Oxford (2013)
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High mass simulations (M=1.35 Msolar)

Rotational properties of hypermassive neutron stars from binary
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* density p__ in units of p, (lower panel) versus time for the high mass simulations. Mass-Radius relation for different EOSs




Neutron Stars, Hybrid Stars, Quark Stars and Black Holes

Hybrid Stars Quark Stars ~ Black Holes

Neutron Stars




The Hadron-Quark Phasetransition

erfect fluid
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Logarithm of the density Temperature

Temperature(x, y)
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Logarithm of the density Temperature

t = 10.64 ms Temperature(x, v)
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Logarithm of the density Temperature

Temperature(x, v)
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Evolution of Tracer- t = 4.02 ms
particles tracking
individual fluid elements in
the equatorial plane of the
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Temperature Angular Velocity
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Time-averaged Rotation Profiles of the HMNSs
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Soft EoSs:
Sly

APR4

SLy — M125

Stiff EoSs:
GNH3

H4

Time-averaged rotation profiles for different EoS
Low mass runs (1.25 Msolar, solid curves), high mass runs (1.35 Msolar, dashed curves).




GW170817: Evolution of the HMNS until BH formation

| | The highly differentially rotating
diff. rot. hypermassive NSs hypermasswe lsupramaSSIVe
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
e uniformly rotating supramassive
supramassive NSs 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.

rot. supramassive NSs

only diff. /stable
rot. NSs rot.NSs

Constraining the Maximum Mass and the EOS
L.Rezzolla, E.Most and L.Weih
(arXiv:1711.00314Vv1, 1 Nov 2017)




Time Evolution of the GW-Spectrum

The power spectral density profile of the post-merger emission is characterized by several distinct
frequenciesf _ , f  f f and f___. After approximately 5 ms after merger, the only remaining dominant

1l "2/

frequency B the1c frequency (See L.Rezzolla and K.Takami, arXiv:1604.00246)

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

)0 M., GNH3

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

Stiff EOS Soft EOS
olution of the frequency spectrum of the emitted gravitational waves for the stiff GNH3 (left) and soft APR4 (right) EOS




The Twin Star collapse
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| M. Hanauske, Z.S. Yilmaz, C. Mitropoulos, L. Rezzolla and H. Stocker
4 “Gravitational waves from binary compact star mergers in the context of strange matter"”, in Proceedings SQM2017



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

will be reached during the “post-transient” phase, the f2-frequency

peak of the GW signal will change rapidly due to the sudden speed
“Up of the differentially rotating HMNS.

rid star mergers represent optimal astrophysical laboratories to investigate the QCD phase structure and in addition

th 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

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

* The 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.

* During 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.

* Astrophysical observables of the hadron-quark phase transition may be
detectable when advanced gravitational wave detectors reach design sensitivity
or with next-generation detectors.




