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



The lateinspiralphase (density, lapse and shift)
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GravitationalWaves and Hypermassive Hybrid Stars

ALF2-EOS: Mixed phase region starts at 3", (see ), initial NS mass: 1.35 Msolar

Hanauske, et.al. PRD, 96(4), 043004 (2017)
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The CeRottinq Frame
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"Note that the angular-velocity distribution in the lower central panel of Fig.
10 refers to the corotating frame and that this frame is rotating at half the
angular frequency of the emitted gravitational waves, {2, . Because the

maximum of the angular velocity {2max 1s of the order of €2 12 (cf. left

panel of Fig. 12), the ring structure in this panel is approximately at zero
angular velocity.

1as been produced by Luke Bovard



Density andlemperatureEvolutioninsidethe HMNS
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Density andlemperatureEvolutioninsidethe HMNS
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Density andlemperatureEvolutioninsidethe HMNS

t = 5.06 ms
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Density andlemperatureEvolutioninsidethe HMNS
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Density andlemperatureEvolutioninsidethe HMNS
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The AngulaNelocityin the (3+1}Split
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" Focus: Inner core of the differentially rotating HMNS

/ M. Shibata, K. Taniguchi, andKyu, Phys. Rev. 01, 084021 (2005)
M. Shibata and K. Taniguchi, Phys. R&3,064027 (2006)
F.GaleazziS. Yoshida andBfiguchj A&A 541, p. A156 (2012)

W. Kastaurand FGaleazziPhys. Rev. D 91, p. 064027 (2015)




Temperature AngularVelocity

Temperature(x, y
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EOS: LS200, Mass: 1.3®Isolar, Simulationwith Pi-symmetry



Time-averagedRotation Profilesof the HMNSs
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Can we detect the quargluon plasma
with gravitational waves?

A Gravitationalwave signatures of the hadrequark phase transition in binary
compact star mergers

A Signatures within the lat@spiralphase (premerger signals)

A Constraining twin stars with GW170817; G MontariEglas M Hanauske, Rezzolla Physical Review D
99 (10), 103009 (2019)

A Signatures within the posherger phase evolution

A Phasetransition triggered collapsescenario
Signaturesof quark-hadronphasetransitionsin generairelativisticneutron-starmergers ER Most, LJ
Papenfort VDexheimer M Hanauske, S Schramm, H StockefRezzollaPhysicakreviewletters 122 (6), 061101
(2019)

A Delayed phase transition scenario
PostmergerGravitationatWave Signatures of Phase Transitions in Binary Merger8y&iR M Hanauske, L
Rezzolla Physical Review Letters 124 (17), 17{2Q30)

A Prompt phasetransition scenario
|dentifying a firstorder phasetransition in neutron-star mergersthrough gravitationalwaves ABauswein NUF
Bastian, DB Blaschke,®hatziioannou JA ClarkJA Clark, T Fischer, M Oertehysicalkeviewletters 122 (6), 061102
(2019)
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Signatures within the pogherger phase ER Most et.al,, PRL 122 (6), 061(Z019)
Phasetransition triggered collapsescenario  gos pased on Chiral Mean Field (CMF

model, based on a nonlinear SU(3) sig
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Signatures within the pogherger phase ER Most et.al., PRL 122 (6), 061(20119)
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Phasetransition
triggered collapse
scenario

Signature®f quark
hadronphasetransitions
in generakelativistic
neutronstarmergers
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Dexheimer M Hanauske, S
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Rezzolla

Physicakeviewletters
122 (6), 061102019)

Density-Temperature
Composition
dependent EOS withir
the CMF model.
Simulation of total
mass M=2.8Msolar
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Phasetransition
triggered collapse
scenario

Signature®f quark
hadronphasetransitions
in generakelativistic
neutronstarmergers
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Density-Temperature
Composition

dependent EOS within

the CMF model.
Simulation of total
mass M=2.Msolar
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Phasetransition
triggered collapse
scenario

Signature®f quark
hadronphasetransitions
in generakelativistic
neutronstarmergers
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Density-Temperature
Composition
dependent EOS within
the CMF model.
Simulation of total
mass M=2.8Msolar
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Phasetransition
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The last simulation snapshots before the apparent horizon is formed insidelyiperMassivedybrid Star (HMHS)

t = 14.99ms




The last simulation snapshots before the apparent horizon is formed insidelyiperMassivedybrid Star (HMHS)
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