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R-PROCESS SITES AND ROLE OF NEUTRINOS
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THE BNS_ NURATES LIBRARY

3 processes [Bruenn, 1985]
p+e < n+ve
n+et o p+e

P weak-magnetism
[Horowitz, 2002]

» in-medium effects
[Oertel et al., 2020]

» (inverse) nucleon
decay

Monopole term of energy-dependent kernels

Electron/positron
annihilation
[Pons et al., 1998]

e’+e+<—>u+ﬂ

Nucleon-nucleon
Bremsstrahlung
[Hannestad and Raffelt, 1998]
N+N<«+ N+N+v+nu

P in-medium effects
[Fischer, 2016]

Elastic scattering on
nucleons [Bruenn, 1985]
N+v<+< N+v

P weak-magnetism
[Horowitz, 2002]

Inelastic scattering on
(anti-)electrons
[Mezzacappa and Bruenn, 1993]
ei + v ei +v

Gray emissivities/opactites

Integration of kernels with a highly tuned 1- and 2-dimensional

custom Gauss-Legendre quadrature rule on a generic neutrino

distribution function.

Federico Maria Guercilena - University of Trento

Reconstruction of neutrino distribution

f(w) = Wehick frhick (W5 @, b) + Wehin fihin (w; €, d)

with parameters adn weights retrieved from neutrino

number/energy densities and Eddington factors.
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THE BNS_ NURATES LIBRARY

Monopole term of energy-dependent kernels

3 processes [Bruenn, 1985] Electron/positron Nucleon-nucleon Elastic scattering on
pte” < n+ue annihilation Bremsstrahlung nucleons [Bruenn, 1985]
n+ et P+ De [Pons et al., 1998] [Hannestad and Raffelt, 1998] N+v<+< N+v

e + et v + v
P weak-magnetism

in-medium effec [Horowitz, 2002]

weak-magnetism
[Horowitz, 2002]

[Fischer, 2016]

P in-medium effects

[Oertel et al., 2020]

(inverse) nucleol

Gray emissivities/opactites Reconstrugtion of neutrino distribution

f(w) = Wehidk frnick (wW; @, b) + Wehin fihin (w; €, d)
with parameters\adn weights retrieved from neutrino

Integration of kernels with a highly tuned 1- and 2-dimensional
custom Gauss-Legendre quadrature rule on a generic neutrino

distribution function. number/energy Mensities and Egdington factors.
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REFERENCE SIMULATION

Equal-mass, Mys=1.298 M, DD2 EOS

rho
Time: 50.440 ms
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Rest-mass density on xy plane
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Particle fractions

#  p(g/em3) T (MeV) Y
A 6.90 - 104 12.39 0.07
B 9.81.1013 16.63 0.06
F 1.01 . 1010 2.17 0.19
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ROLE OF v/e~ SCATTERING
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Integration efforts into BNS evolution codes (WhiskyTHC, GR-Athena++, AthenaK) is ongoing and almost complete.
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ONGOING DEVELOPMENTS

Better nucleon-nucleon Bremsstrahlung via the T-matrix

formalism [Guo and Martinez-Pinedo, 2019]
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NN Bremsstrahlung opacity at point A (courtesy of Stefano
Caldini).
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CONCLUSIONS
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Gray opacities on BNS profiles

Reliable modelling of neutrino dynamics in BNS mergers requires a realistic yet performing treatment of their

reactions. BNS_ NURATES offers:

> Representative and growing set of v reactions > Reconstruction of the v distribution
> State of the art correction terms » Clean, well tested and preforming implementation

First simulations exploiting it are coming soon, so ...
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https://github.com/RelNucAs/bns_nurates

Reliable modelling of neutrino dynamics in BNS mergers requires a realistic yet performing treatment of their

reactions. BNS_ NURATES offers:
> Reconstruction of the v distribution

> Representative and growing set of v reactions
» Clean, well tested and preforming implementation

> State of the art correction terms

First simulations exploiting it are coming soon, so .. stay tuned and Thank you!
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