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—> exciting discoveries expected soon
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LIGO will probe deeply into the predicted NS merger rate distributions by
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NS mergers remnants
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NS mergers remnants

SMNS / HMNS long-lived NS

BH - torus

BH - torus

sim. & vis.:W. Kastaun

This talk:

post-merger accretion disks
and r-process nucleosynthesis
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NS post-merger accretion disks: formation
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Movie: long-term evolution of post-merger accretion
disk, Mgn=3Msun (spin: 0.8), M4isk=0.02Msun
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NS post-merger accretion disks: numerical setup

First self-consistent simulations modeling r-process
nucleosynthesis from disk outflows from first principles:

* GRMHD: magnetic instabilities (MRI) mediating
turbulence (transport of angular momentum) in
the disk

* weak interactions in GRMHD

* approximate neutrino transport (leakage scheme)

* realistic EOS (Helmholtz EOS) valid at low
temperatures and densities, capturing nuclear
binding energy release from alpha-particle
formation

full -process network calculations on disk outflows

—>0} using 10* tracer particles (SkyNet; Lippuner & Roberts 2015)

—100

Previous Newtonian alpha-disk simulations:

—100 =50 0 50 100 Fernandez & Metzger 2013
x [km)] Metzger & Fernandez 2014

Fernandez+ 2015

Fernandez+ 2017

Just+ 2015

Fig.: disk properties; contours: optical depth for
electron neutrinos

Siegel & Metzger 2017a  Siegel & Metzger 2017b, in prep.
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GRHydro: part of the Einstein Toolkit

@ ® W einsteintoolkit.org ' (4]

2instein,
toolkit
The Einstein Toolkit

Einstein Toolkit School and Workshop
Join us at the North American Einstein Toolkit School and Workshop at NCSA, at the

‘ University of lllincis at Urbana-Champaign from July 31 to August 4 2017,
This meeting Is open to anyone interested in numerical relativity and computational

astrophysics and cosmology and in particular to Einstein tookit users.

Gravitational Waves

The first three days will be dedicated to a school useful for
produced by a binary black Toolkit followed by a two day long workshop open to deve
merger » Einstein Toolkit.

@000 The initial deadline for applying for support is June 1, 2017
17, 2017.

einsteintoolkit.org

About Documentation
The Einstein Toolkit is a community-driven software A lot of the documentation within the Einstein Toolkit is
platform of core computational tools to advance and generated from comments in the source code, and more
support research in relativistic astrophysics and can be found on the Einstein Toolkit Wiki or other
gravitational physics. documents, We provide links to guides, tutorials and
references.

- -
DOU

Download

We provide a convenient method to get all of the Einstein Contribute
Toolkit with just a few commands, and expiain the whole The Einstein Toolkit would not exist without numerious
Process, contributions from its community. It is easy to leam how

m you can contribute as well.
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NS post-merger accretion disks: numerical setup
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nucleosynthesis from disk outflows from first principles:
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the disk
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* realistic EOS (Helmholtz EOS) valid at low
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formation

full -process network calculations on disk outflows

—>0} using 10* tracer particles (SkyNet; Lippuner & Roberts 2015)

—100

Previous Newtonian alpha-disk simulations:

—100 =50 0 50 100 Fernandez & Metzger 2013
x [km)] Metzger & Fernandez 2014

Fernandez+ 2015

Fernandez+ 2017

Just+ 2015

Fig.: disk properties; contours: optical depth for
electron neutrinos
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Fig.: Onset of the magnetorotational instability (MRI),
showing exponential growth of the magnetic field
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Fig.: Onset of the magnetorotational instability (MRI),
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Onset of MHD turbulence
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Fig.: disk properties; contours: optical depth for Fig.: magnetic fields in the disk; contours: rest-mass density

electron neutrinos
Siegel & Metzger 2017a  Siegel & Metzger 2017b, in prep. ( magnetic properties very similar to Ciolfi+ 2017 )
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B-field effect on EOS and neutrino emission rates

assume magnetic field effects become
important when cyclotron frequency of
electrons and Fermi energy become
comparable:

how,
b

> 1
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Onset of MHD turbulence

— average radially for space-time dlagram -
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Fig.: disk properties; contours: optical depth for Fig.: magnetic fields in the disk; contours: rest-mass density

electron neutrinos
Siegel & Metzger 2017a  Siegel & Metzger 2017b, in prep. ( magnetic properties very similar to Ciolfi+ 2017 )
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Accretion disk dynamo: butterfly diagram
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NS post-merger accretion disks: self-regulation

—50

—100

Neutrino-cooled accretion disks self-regulate

themselves to mild degeneracy (low Y. matter):
Beloborodov 2003, Chen & Beloborodov 2007, Metzger+ 2009

. * viscous heating via magnetic turbulence
0.155¢

* neutrino cooling

charged-current processes:
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pair annihilation:
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plasmon decay:
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Fig.: disk properties; contours: rest-mass density
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NS post-merger accretion disks: self-regulation
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Fig.: disk properties; contours: rest-mass density
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The origin of heavy nuclei: r-process nucleosynthesis
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Movie: r-process nucleosynthesis from NS merger remnant disks
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NS post-merger accr. disks: r-process nucleosynthesis
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Influence of neutrino absorption

Siegel & Metzger 2017b, in prep.
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BH accretion vs. disk outflows
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Fig.: accretion rate onto the BH
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Fig.: number of tracer particles outside a given radius

By end of simulation: accreted mass converged but still steady outflows

—> remaining disk mass likely unbound
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NS post-merger accretion disks:
r-process nucleosynthesis
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* disk outflows alone are consistent with Fig.: constraints on r-process enrichment rates vs. ejected mass
constraints on r-process enrichment

observations

—> | NS post-merger disk outflows are promising site for the r-process
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Conclusions

Simulations of NS post-merger accretion disks  Siegel & Metzger 20172 Siegel & Metzger 2017b,i. prep.

GRMHD with weak interactions and approx. neutrino transport

first fully self-consistent study of its kind
e evidence for hot coronae that launch thermal outflows

* first identification of self-regulation in neutrino-cooled accretion
disks

* suggest NS post-merger systems are robust site of the r-process

—>» can produce all r-process elements

—>» underproduction of light elements compensated by high-Y.
material from long-lived NS Wu+ 2016, Just+ 2015

—> |ow velocity outflows enable narrow-line spectroscopy to
identify composition of r-process matter

* electromagnetic signature (kilonovae) potentially
most promising EM counterpart to GWs

JWST
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