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The longawaited eventGW17081

High-spin priors (7| < 0.89)

Low-spin priors ([7| < 0.05)

Primary mass 136-1.60 Mo 3622
" _1.36 Mg 0.86-136 Mo
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' ‘}‘ ) - 1188_8&()‘;t MG‘ 1188200
| Chirp mass 00 i
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GravitationalWave GW1/70817 and GanuiRay Emission GRB17081

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

Creditsto Riedberg TV andhe

Hessisches Kompetenzzentrun
fir Hochleistungsrechnen
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The Neutron Star Merger Danc

Creditsto Riedberg TV andhe

Hessisches Kompetenzzentrun
fir Hochleistungsrechnen



GravitationalWavesfrom Neutron Star Mergers

Neutron Star Collision (Simulation) Collision of two Black Holes

| | | |

Inspiral Merger Ring-
down
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| — Numerical relativity

Reconstructed (template)
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Main difference:.
In binary neutron star mergers a
1/ | | | | Post-Merger Phase
/=5 often exists




GW1/70817:

Restrictionson Equationof State (EOS) anMassRatio
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Numerical Relativity and Relativistic Hydrodynamlcs

Numerical simulations of a merger of two compact st
are based on a (3+1) decomposition of spacetime of EESFEIEEI RS
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 masssimulations(M=1.35Msolar)

Rotational properties of hypermassive neutron stars from binary
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Neutron Stars, Hybrid Stars, Quark Stars and Black Ho

Hybrid Stars Quark Stars ~ Black Holes

Neutron Stars




The HadronQuark Phasetransition

erfect fluid

Quarks and Gluons
Critical point?
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Logarithm of the density Temperature

Temperature(x, y)
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Logarithm of the density Temperature

= 10.64 ms Temperature(x, v) |1
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Logarithm of the density Temperature

Temperature(x, v) |1
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particlestracking
Individual fluidelementsin
the equatorialplane of the
HMNS at postmerger
times

M.G. Alford, LBovard M.
Hanauske, LRezzollaand K.
Schwenzer

O/1T OEA Ei bl 00
dissipation and heat conduction
in binary neutrorROOA O | A
(submitted to PRL, searxiv)

Different rotational behaviour of
the quarkgluon-plasma
produced in norcentral ultra
relativistic heavy ion collisions

L. AdamczykA O8 A1 8 h

~ Ve ) -— ~s

the mostvortical £1 OE A 6 h =13 =10
Co-rotating frame




Evolutionof Tracer
particlestracking
Individual fluidelementsin
the equatorialplane of the
HMNS at postmerger
times

M.G. Alford, LBovard M.
Hanauske, LRezzollaand K.
Schwenzer

O/1T OEA Ei bl 00
dissipation and heat conduction
in binary neutrorROOA O | A
(submitted to PRL, searxiv)

Different rotational behaviour of
the quarkgluon-plasma
produced in norcentral ultra
relativistic heavy ion collisions
_L.AdamczykA O8 A1 8 h
/ bdahyperon polarization in

~ Ve ) -— ~s

; \e mostvortical £1 OE A 6 h e U L
548, 2017 Co-rotating frame




Evolutionof Tracer t =925 ms
particlestracking
Individual fluidelementsin
the equatorialplane of the
HMNS at postmerger
times

M.G. Alford, LBovard M.
Hanauske, LRezzollaand K.
Schwenzer

O/1T OEA Ei bl 00
dissipation and heat conduction
in binary neutrorROOA O | A
(submitted to PRL, searxiv)

Different rotational behaviour of
the quarkgluon-plasma
produced in norcentral ultra
relativistic heavy ion collisions
L. AdamczykA O8 A1 8 h
/ bdahyperon polarization in

~ Ve ) -— ~s

; le mostvortical £1 OE A 6 h -1o —10
548, 2017 Co-rotating frame




Evolutionof Tracer
particlestracking
Individual fluidelementsin
the equatorialplane of the
HMNS at postmerger
times

M.G. Alford, LBovard M.
Hanauske, LRezzollaand K.
Schwenzer

O/1T OEA Ei bl 00
dissipation and heat conduction
in binary neutrorROOA O | A
(submitted to PRL, searxiv)

Different rotational behaviour of
the quarkgluon-plasma
produced in norcentral ultra
relativistic heavy ion collisions
L. AdamczykA O8 A1 8 h
/ bdahyperon polarization in

~ Ve ) -— ~s

; le mostvortical £1 OE A 6 h -1o —10
548, 2017 Co-rotating frame




Temperature AngularVelocity

Temperature(x, y

—-20 —-15 —-10 -5 ' =20 =Is =10



Temperature AngularVelocity

Temperature(x, v)

—-20 —-15 —-10 -5




Temperature AngularVelocity

Temperature(x, v)

\\\

~

20 —15 —10




Time-averagedRotation Profilesof the HMNSs

ALF2 — M135
APR4 — M135 -
GNH3 — M135
H4 — M135

Gy * M135)
L5220 — M132
ALF2 — M125
APR4 — M125
GNH3 — M125
H4 — M125

Soft EoSs
Sly

APRA4

SLy — M125

Stiff EoSs
GNH3

H4

Time-averaged rotation profiles for differelaoS
Low mass runsl(25Msolar, solid curves), higimass runsl(.35Msolar dashed curves).




GW170817: Evolutioof the HMNSuntil BHformation

diff. rot. hypermassive NSs

I I 1 1 I I I I 1 I I I I 1 I I I I 1 I I I I 1

only diff. rot.
supramassive NSs

rot. supramassive NSs

only diff. stable
rot. NSs rot.NSs

1 | | 1 I 1 | | | I | 1 | 1 I | | | 1 I | | | 1

Pc

The highly differentially rotating
hypermassivisupramassive
neutron star will spin down and
redistribute its angular momentu
(e.g. due to magnetic braking,
viscosity effects). After ~1 second
It will cross the stabllity line as a
uniformly rotatingsupramassive
neutron star (close tdmax) and
collapse to a black hole. Parts of
the ejected matter will fall back
Into the black hole producing the
gammaray burst.

Constraininghe MaximumMassandthe EOS
L.Rezzolla E.Mostand L.Weih
(arXiv.1711.00314v1,Nov 2017)




Time Evolutionof the GW-Spectrum

The power spectral density profile of the pasterger emission is characterized by several distinct

frequencied

max’

f, 1, fand {, . JAfter approximately $nsafter merger, the only remaining dominan

frequency Is the tHrequency (Seé..RezzollaandK.Takamj arXiv:1604.00246)

M = 1.300 My, GNH3

Stiff EOS Soft EOS

Unfortunately,
due to the low
sensitivity at high
gravitational

wave frequencies,
no postmerger
signal has been
found in
GW170817.

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

olution of the frequency spectrum of the emitted gravitational waves for the stiff GNH3 (left) and soft APR4 (right) EOS
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M. Hanauske, Z.S. Yilmaz, C. Mitropoulos, Rezzollaand H.St6cker
“Gravitational waves from binary compact star mergers in the context of strange matter”, in Proceedings SQM
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The Twin Starollapse




How to observethe OGPwith gravitational wavesfrom NS mer

M = 1.300 M, APR4
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The appearance of the hadrequark 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 reglon

xEIl 1 AA OAAAEKOAA ®ERAIT @© 6brenleiydp)

peak of the GW signal will change rapidly due to the sudden spee
/‘U, Of the differentially rotating HMNS.

'. "5. star mergers represent optimal astrophysical laboratories to investigate the QCD phase structure and in addition

ith the observations from heavy ion collisions it will be possibly reach a conclusive picture on the QCD phase sthigture
density and temperature.




Summary

AOn August 17, 2017, a loagvaited event has taken place: the Advanced LIGO
and Virgo gravitationalWwave detectors have recorded the signal from the
Inspiraland merger of a binary neutrestar system.

AThe analysis of the gravitational wave data in combination with the
Independently detected gammaay burst and electromagnetic counterpart
results in a neutron star merger scenario which is in good agreement with
nLimericaI simulations of binary neutron star mergers performed in full general
relativity.

ADuring the postmerger phase, the value of central restass density will reach
extreme values and it is expected that a hacigqurark phase transition will be
present in the interior region of the HMNS.

A Astrophysical observables of thedron-quark phase transitiomay be
detectable when advanced gravitational wave detectors reach design sensitivity
or with nextgeneration detectors.



