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Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90%
LIGO (190 deg2; light green), the initial LIGO-Virgo localization (31 deg2; dark green), IPN triangulation from the time delay between Fermi
blue), and Fermi-GBM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery ima
merger (top right) and the DLT40 pre-discovery image from 20.5 days prior to merger (bottom right). The reticle marks the position of the tra
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Open questions
• How did these binaries form?
• How do neutron star mergers power gamma-ray bursts?
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• 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?

Neutron star merger evolution

GWs
Viscosity
Neutrinos

Early postmerger evolution

z

1M! " 0:04M! [49]. The radii Rmax of the maximumss configurations vary between 10.32 and 13.43 km (see
o Ref. [23] for the mass-radius relations of most EoSs
sidered here). The EoSs are chosen without any selecprocedure and cover approximately the full range of
h-density models regarding their stellar properties. As
ial conditions, we set up cold NSs in neutrinoless beta
ilibrium on a quasiequilibrium orbit a few revolutions
ore merging. We assume irrotational stars since tidal
king is unlikely [50,51], and the orbital period is short
mpared to possible stellar rotation. Unless stated othere, we use a resolution of about 340 000 SPH particles.
or each EoS, we determine Mthres by performing simuons of binaries with different values of Mtot , which is
ned as the binary’s total gravitational mass at infinitely
e binary separation. We focus on equal-mass binaries
e and increase Mtot in increments of 0:1M! . We identify
ab with the mass of the most massive binary in our
mple with a dynamically stable remnant, i.e., the most
ssive system that results in a delayed collapse. We
ilarly identify Munstab with the mass of the least massive
ary whose merger triggers prompt collapse. We then
mate Mthres ¼ ðMstab þ Munstab Þ=2M! " 0:05M! .
ince thermal pressure has an important effect on the
apse behavior (see, e.g., Refs. [31,35,52]), we have

be more easily determined than Rmax , both by future observations [23,29,55,56] and theoretical considerations [57],
C'1:6 might be a more useful quantity than Cmax .
As can be seen in Fig. 1, k is a nearly linear function
of C'1:6 in the regime of interest. The maximum residual
from the linear fit k ¼ jC'1:6 þ a with j ¼ (3:606 and
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FIG. 1. Coefficient k [Eq. (1)] as a function of Cmax ¼
thrGMmax
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Disk formation I

Mchirp = 1.188 M
Bernuzzi, …, DR+, arXiv:2003.06015

Disk formation II

Prompt-BH with large disk!

Bernuzzi, …, DR+, arXiv:2003.06015
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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.
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Long-term evolution
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FIG. 3. Nucleosynthetic yields in the ejecta. Dashed lines
correspond to the dynamical ejecta, while solid lines are the
summed yields including the spiral-wave wind. Model abundances are normalized to A = 195 element. Gray dots show
the solar abundances from Ref. [72].
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Neutrino effects
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2015, Metzger+ 2014, Foucart+ 2016, Siegel &
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FIG. 2: Top: Electron
fraction
of gravitationally
From
Miller+
2019 unbound material at 5 GK vs. latitude, |90 ✓bl |. Boxes represent cuts
through the data. Red is neutron-rich, blue is neutron-poor.

MHD effects
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Conclusions
What has been done in theory and what has not
• 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.

