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What happened?
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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



GW170817 GW170817
DECam observation DECam observation
(0.5-1.5 days post merger) (>14 days post merger)

From Soares-Santos et al., ApJL 848:L16 (2017)




Multiple components!
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From Cowperthwaite et al., ApJL 848:L17 (2017)



Multiple components!
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From Cowperthwaite et al., ApJL 848:L17 (2017)



Strong and weak r-process
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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
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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



Fate of the remnant
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From Margalit & Metzger 2017

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



Prompt collapse?

t=0.00 ms t=0.00 ms
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Prompt collapse?
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GW170817: not a prompt collapse
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See also Bauswein+ 2017 ApJL 850:L34 DR, Perego, Zappa, ApJL 852:L.29 (2018)



What About
Magnetic Fields?



Magneto-turbulence effects

- MHD instabilities are known operate
at a scale of few meters or less

» Resolution in global simulations is
orders of magnitude too low

* Previous approach: neglect these
effects or use unrealistically large B-
fields, and/or idealized configurations

« Our approach: explicit subgrid-scale
modeling with large-eddy simulations

See also: Shibata & Kiuchi 2017, Kiuchi, Kyutoku+ 2017
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Angular momentum transport

tViSC — OO tViSC ~ 15 1S
bt = 0.1 ms
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See also: Shibata & Kiuchi 2017; Kiuchi, Kyotoku+ 2017 DR ApJL:838 L2 (2017)



Angular momentum transport

tViSC — OO tViSC ~ 15 1S
bt = 0.1 ms
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See also: Shibata & Kiuchi 2017; Kiuchi, Kyotoku+ 2017 DR ApJL:838 L2 (2017)



Angular momentum transport

tViSC — OO tViSC ~ 15 mS
bt = 0.1 ms
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Delayed collapse!

See also: Shibata & Kiuchi 2017; Kiuchi, Kyotoku+ 2017 DR ApJL:838 L2 (2017)



Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)




Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)



Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)



Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)



Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)



Rotational profile
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See also Shibata & Taniguchi 2006; Kastaun+ 2015, 2016; Hanauske+ 2016 DR ApJL:838 L2 (2017)



GGravitational waves
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See also: Shibata & Kiuchi 2017; Kiuchi, Kyotoku+ 2017 DR ApJL:838 L2 (2017)



GGravitational waves

0.12 F— fmix =0
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v a =

* How large is the turbulent viscosity?

* How do merger remnants evolve over many
viscous timescales?
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Future prospectives:
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 evolution of NS mergers is affected by
turbulent angular momentum transport

» The next GW event might look very differently!



