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What happened?

L.S220, 1.4 + 1.4 Mo Simulation: DR, Visualization: Cosima Breu (Frankfurt)
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Merger outcome
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What happened?

Jet—ISM Shock (Afterglow)
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From Metzger & Berger 2012

Fate of the remnant
unknown, but likely a BH

A short gamma-ray burst
was launched. How?

Synchrotron emission at
late times: radio to X-ray
Cocoon? Structured jet?

Radioactive of neutron
rich ejecta powers
(~0.05 Mo of ejecta)

UV/optical/infrared



What have we learned
about neutron stars?



Tidal effects in NS mergers

- Part of the orbital energy

goes into tidal deformation

» Accelerated inspiral

 Imprinted on the

gravitational waves

« (Constrains dimensionless

tidal parameter




Constraints from GW170817
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See also De+ arXiv:1804.08583 From LIGO/Virgo collaboration, PRL 119, 161101 (2017)



Constraints from GW170817
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See also De+ arXiv:1804.08583 LIGO/Virgo collaboration arXiv:1805.11579



EOS constraints from GW+EM
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From Margalit & Metzger 2017

Assumption: no prompt BH formation —> EOS must be stiff enough

Assumption: no stable remnant —> EOS must soft enough

See also Bauswein+, Rezzolla+, Shibata+, Ruiz+ (2017)



WhiskyTHC

http://www.astro.princeton.edu/~dradice/whiskythc.html

e [ull-GR, dynamical spacetime®
e Nuclear EOS

e Effective neutrino treatment

e High-order hydrodynamics

e Open source!

THC: Templated Hydrodynamics Code



Strong and weak r-process
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Neutron rich outflows
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Neutron rich outflows: model

z A

« Geometry and

dynamic S L
d composition of the
wind I o_utflow_s from
B simulations
« Multiple ejecta
secular |

components

» Ejecta masses from
fitting AT2017gfo

remnant disk

Perego, DR, Bernuzzi, ApJL 850:37 (2017)



Kilonova modeling

Light curves for best fits: near-IR bands
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See also: Chornock et al. 2017; Cowperthwaite et al. 2017;
Drout et al. 2017; Nicholl et al. 2017; Rosswog et al. 2017;
Tanaka et al. 2017; Tanvir et al. 2017; Villar et al. 2017 Perego, DR, Bernuzzi, arXiv:1711.03982



Kilonova modeling

_18 Light curves for best fits: near-IR bands
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See also: Chornock et al. 2017; Cowperthwaite et al. 2017;
Drout et al. 2017; Nicholl et al. 2017; Rosswog et al. 2017;
Tanaka et al. 2017; Tanvir et al. 2017; Villar et al. 2017 Perego, DR, Bernuzzi, arXiv:1711.03982



Prompt collapse?
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GW170817: delayed BH formation
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Dynamical ejecta mass
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Future prospects:
post-merger signal
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Post-merger signal has a characteristic peak frequency
freak cOrrelates with the NS radius

Small statistical uncertainty, systematics not understood yet

See also Takami+ 2014; Rezzolla & Takami 2016; Dietrich+ 2016; Bose+ 2017



Extreme-density physics
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DR, Bernuzzi, Del Pozzo+, ApJL 842:L.10 (2017)



Effect on the evolution
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Binding energy
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DR, Bernuzzi, Del Pozzo+, ApJL 842:L.10 (2017)



Gravitational waveform
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Detectabllity
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GW luminosity in the postmerger
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Future prospects:
long-lived remnants



Long-lived remnants (l)
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See also Fujibayashi, Kiuchi+ (2017) DR, Perego, Bernuzzi, Zhang, arXiv:1803.10865



Long-lived remnants (1)
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« Low-mass NS binaries exist* and likely form stable remnants

» Long-lived remnants are found to be unstable over the
viscous timescale

« Smoking gun: a very bright kilonova with a blue component

*PSR J1411+2551; PSR J1946+2052 DR, Perego, Bernuzzi, Zhang, arXiv:1803.10865



Conclusions

» GW170817 probably made a BH, but not immediately

» Using numerical relativity to bridge the gap between EM
and GW observations: starting to constrain the NS EOS

» The postmerger phase is key to reveal the EOS at the
highest densities

» The next GW event might look very differently!

http://www.computational-relativity.org



