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Open questions

 How did these binaries form?
 How do neutron star mergers power gamma-ray bursts?

 What are neutron stars made of? Nucleons, hyperons,
deconfined quarks?

* Was the gold in my wedding ring formed in a neutron star
merger? Was it swirling around in an accretion disk? Or was: it
tidally ejected prior to the cataclysmic collision?



WhiskyTHC

http://personal.psu.edu/~dur566/whiskythc.html

e Full-GR, dynamical spacetime”®
® Nuclear EOS

o [Effective neutrino treatment

e High-order hydrodynamics

e (Open source!

THC: Templated Hydrodynamics Code
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Neutron star merger evolution

Inspiral Merger GW phase Viscous phase Spin down
~1 ms ~10-20 ms ~0.1-1s > 10 s
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The Inspiral phase
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Dietrich, DR, Bernuzzi+ CQG 35:LT01 (2018)
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* r-process nucleosynthesis results

1* Simulation code, postprocessing routines

-0 [nitial data and input files

omis 5. | * Other data available on request

Al’ ")2 " '

-

www.computational-relativity.org Dietrich, DR, Bernuzzi+ CQG 35:LT01 (2018)



Early postmerger evolution

Inspiral Merger GW phase
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Dynamical mass ejection
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See also Bausswein+ 2013, Hotokezaka+ 2013, Wanajo+
2014, Sekiguchi+ 2015, 2016, Foucart+ 2016, Lehner+ 2016,
Dietrich+ 2016, DR+ 2018, ... DR, Galeazzi+ MRAS 460:3255 (2016)



The kilonova in GW170817
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Theory vs observations
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From Nedora, Bernuzzi, DR+, 2008.04333


https://arxiv.org/abs/2008.04333
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Disk formation i
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Disk masses

See also Kruger+ 2020; Salafia+ 2020; ...
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DR & Dai, Eur. Phys. J. A55: 50 (2019)



Equation of state constraints
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DR, Perego+ ApJL 852:L.29 (2018);
See also Gamba+ 2020 DR & Dai, Eur. Phys. J. A 55: 50 (2019)



Equation of state constraints
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Equation of state constraints

* Potential to constrain the EOS and/or g: the basic
physics is understood and included in the simulations

* Modeling uncertainties appear to be under control

* Need to explore the parameter space: EOS, mass
ratios, etc.

DR, Perego+ ApJL 852:L.29 (2018);
DR & Dai, Eur. Phys. J. A55: 50 (2019)



Long-term evolution

Inspiral Merger GW phase Viscous phase Spin down
~1 ms ~10-20 ms ~0.1-15s > 10s
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End of the GW-driven phase
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Secular evolution: NS remnants
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D I t=9.079 ms
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Spiral-wave wind (l)
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Spiral-wave wind (ll)

g band 7 band ~ Ksband Mej (1072 M)
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Promising, but incomplete, and not the only possible explanation

From Nedora, Bernuzzi, DR+, ApJL 886:L30 (2019)



Future Challenges




Neutrino physics
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MHD turbulence
Siegel & Metzger 2018
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See also

Price & Rosswog 2006;
Andreson+ 2008;
Etienne+ 2011;
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Ciolfi+ 2019;



Merger outcome
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https://arxiv.org/abs/2008.04333

Conclusions

* |Inspiral and early postmerger are better understood, but there is
still a vast parameter space volume to explore.

 We can already do multimessenger astrophysics!
 The physics becomes increasingly complex on longer timescales

In the postmerger. Higher resolution, longer, and more
sophisticated simulations are needed.



