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NeW York C|ty, NY Baryonic density from a magnetized, equal-mass BNS simulation performed
with IllinoisGRMHD using the LS220 tabulated EOS, shortly after merger
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The HandOff package

IIlinoisGRMHD logiop [cgs] logigp [cgs]

F.L.Armengol++TCAN (arXiv: 2112.09817)

See Fede’s talk after this one for details! (K16.00002)



https://arxiv.org/abs/2112.09817
https://meetings.aps.org/Meeting/APR22/Session/K16.2

What physics can we include?

Feature lllinoisGRMHD HARM+NUC Production HandOff
Equation of state: v v F.L Armengol++TCAN (arXiv:2112.09817)
Gamma-law
Equation of state:
Tabulated ﬁ\ m ]
_ _ Coming soon!
Neutrino physics W /

(leakage)

This talk!

N\

e A.Murguia-Berthier++TCAN ApJ 919 95 (2021)

e See Ari’s talk later today for details! (K16.00003)



https://arxiv.org/abs/2112.09817
https://iopscience.iop.org/article/10.3847/1538-4357/ac1119/meta
https://meetings.aps.org/Meeting/APR22/Session/K16.3

GRMHD with neutrino leakage

Standard GRMHD equations

Neutrino emission & cooling

Additional evolution equations




NRPyLeakage

* New NRPy+-based neutrino leakage code, fully documented using Jupyter notebooks
* Fast & efficient C code for computing neutrino emission and cooling rates, as well as opacities
» Local “path of least resistance” algorithm for computing the optical depths [Neilsen et al.

(2011)]
» Cartesian AMR

Step 4.f: Total emission and cooling rates for free neutrinos [Back to Top]

Finally, we compute the total emission and cooling rates for free neutrinos:
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In [13]: # Step 4.f: Total emission and cooling rates for free neutrinos

# Step 4.f.i: Electron neutrinos
R_free_total_nue = R_pair_nue_anue + R_plasmon_nue_anue + R_Brems_nui_anui + R_beta_nue
Q_free_total_nue = Q_pair_nue_anue + Q_plasmon_nue_anue + Q_Brems_nui_anui + Q_beta_nue

# Step 4.f.ii: Electron antineutrinos
R_free_total_anue = R_pair_nue_anue + R_plasmon_nue_anue + R_Brems_nui_anui + R_beta_anue
Q_free_total_anue = Q_pair_nue_anue + Q_plasmon_nue_anue + Q_Brems_nui_anui + Q_beta_anue

# Step 4.f.iii: Heavy lepton neutrinos or antineutrinos (single species)
R_free_total_nux = R_pair_nux_anux + R_plasmon_nux_anux + R_Brems_nui_anui
Q_free_total_nux = Q_pair_nux_anux + Q_plasmon_nux_anux + Q_Brems_nui_anui



https://nrpyplus.net
https://arxiv.org/abs/1403.3680
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https://einsteintoolkit.org

Neutrino emission and cooling
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Based on Ruffert et al. (1996):
Electron absorption by protons
Positron absorption by neutrons
Pair annihilation

Transverse plasmon decay

N

Nucleon-nucleon Bremmstrahlung following
Burrows et al. (2006) and O’Connor & Ott (2011)

L.W.++TCAN (In preparation)



https://adsabs.harvard.edu/pdf/1996A%26A...311..532R
https://arxiv.org/abs/astro-ph/0404432
https://arxiv.org/abs/1103.2117

Neutrino opacities & optical depths

iteration = 00

T

Analytic

NRPyLeakage

Based on Ruffert ef al. (1996)

and Neilsen et al. (2011)

L.W.++TCAN (In preparation) g



https://adsabs.harvard.edu/pdf/1996A%26A...311..532R
https://arxiv.org/abs/1403.3680

New conservative-to-primitive infrastructure

Palenzuela et al., T(e) Newman & Hamlin, T'(¢) Palenzuela et al., T(S) Newman & Hamlin, 7'(S)
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logy (Pb [g/cn13]) logg (Pb [g/cm3]) log (Pb [g/CmB]) logyg (Pb [g/cm3])

Based on: Palenzuela et al. (2015), Newman & Hamlin (2014), and the implementation by Siegel ef al. (2018)

Adapted routines to use the entropy equation as a backup, if desired

logio EPc—P


https://arxiv.org/abs/1505.01607
https://escholarship.org/content/qt0s53f84b/qt0s53f84b.pdf
https://arxiv.org/abs/1712.07538

Magnetized, equal-mass BNS results with tabulated EOS

t=20.6ms
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« Initial data produced by Tanmayee Gupte using
LORENE (for more details see talks by T. Gupte and
Josh Faber from 2021 TCAN Workshop)

» Equal-mass (1.39 solar masses) -
« Magnetized 2
» Advanced EOS -
« O’'Connor & Ott LS220 EOS



https://docs.google.com/file/d/1mmCwwLqzdFosyHxnLqQDQ6cAoD9oYR2d/preview
https://stellarcollapse.org/equationofstate.html
https://lorene.obspm.fr
https://www.youtube.com/watch?v=Lq50IlXBJf8
https://www.youtube.com/watch?v=E3YQb6GRB_c

Summary & future work

e Infrastructure to HandOff data from lllinoisGRMHD to HARM+NUC is
ready!

e Reliably and accurately evolve the remnant black hole for
astrophysically relevant (very very long) time scales

e lllinoisGRMHD has been updated with:
o Tabulated equation of state (EOS) support
o New conservative-to-primitive infrastructure
o Neutrino physics (NRPyLeakage)

e Tests with realistic, tabulated EOS and neutrino physics are running at
this very moment!

e Stay tuned for Fede’s and Ari’s talks for more details!
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