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Binary compact star systems with merger times less than the age of the Universe
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Binary PSR J0737-3039:
merger time of ~85 Myr
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Double neutron star merger simulations by
Computational relativistic astrophysics
Groups (S. Rosswog, T. Janka, L. Rezzolla....)

http://compact-merger.astro.su.se




A double neutron star merger is expected to produce:

1) a GW signal at ~1-1000 Hz (nearly isotropic)
2) ashort GRB (highly directional and anisotropic)
3) r-process nucleosynthesis (nearly isotropic)




GW amplitude-frequency diagram of known cosmic sources
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Geometry of GW/GRB/kilonova system Troja et al. 2017
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Light curve from Fermi/GBM (50 — 300 keV)
GRB lags GW by 1.7s!!
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Credit: LIGO Scientific Collaboration, Virgo Collaboration, Fermi Collaboration, Integral collaboration
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Masses in the Stellar Graveyard

in Solar Masses
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Comparison of Swope discovery image with archival HST image

NGC 4993 A1 SSS17a (AT2017gfo)

April 28, 2017 Hubble Space Telescope .| August 17, 2017 Swope Telescope

Coulter et al. 2017



Host of GW170817: Lenticular galaxy NGC 4993 (40 Mpc)
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® Long GRBs
- O X—Ray Flashes
A Short GRBs

¢ GRB 980425
-4 GRB 170817A

Courtesy: L. Amati -
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indicate material at high
speed (0.1-0.2c)
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line of sight

Post-merger ejecta high Ye (v~0.05)

medium Ye

(v~ 0.05c)

Dynamical ejecta
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Kilonova 3-component model for AT2017gfo:
ejecta mass is 0.03-0.05 solar masses
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Conclusions and future work

GWs from double neutron star merger were directly detected.
The signature of r-process nucleosynthesis was unambiguously detected.
A unified scheme for short GRBs has been established.

The preliminary models require more than one component, with different
Proportions of species (lanthanide-rich vs lanthanide-free). The ejecta are
about 0.03-0.05 solar masses.

However we need more realistic atomic models and opacities to use with
our radiative transport codes.

Future work must focus on identifying accurately the atomic species and
measuring their abundances. We will thus trace heavy elements formation
and evolution in the Universe.

Fundamental problem of NS Equation of State can also be addressed with
joint gravitational and electromagnetic information (mass ejection should be
larger for smaller radii of the NSs, i.e., for softer EoS).



