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Figure 1: SN1987A remnant, in the large magellanic cloud (51.5 kpc).



Electrons captures
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Figure 2: Core-collapse and

electrons-captures, figure extracted from
Janka (2012)



Evolution of the composition during the collapse
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Influence of the SNA
approximation



SNA approximation

e SNA (Single Nucleus Approximation) : represent the heavy nuclei
population by a single mean nuclei

e NSE (Nuclear Statistical Equilibrium) : compute the equilibrium
distribution of nuclei
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Absorption and SNA approximation
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Figure 3: Evolution of the neutrino absorption opacity (Bruenn formulal), in the
central element, along a collapse trajectory

1Bruenn 1985.



Scattering and SNA approximation
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Figure 4: Evolution of the neutrino scattering opacity (Bruenn formu|a2), in the
central element, along a collapse trajectory

2Bruenn 1985.



Influence on the electron fraction evolution
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Figure 5: Evolution of the electron fraction in the central element



Models for electrons captures
rates on nuclei



Nuclei of interest
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Figure 6: Typical nuclear abundance near the end of the collapse® (arbitrary
unit), solid lines mark boundaries of experimental mass measurements, dashed
lines mark magic numbers

3Raduta, Gulminelli, and Oertel 2016.



3 models for electrons captures on nuclei

2X4+e =, AY 4 v,

e Bruenn : approx. of independant particles
e LMP (Langanke and Martinez-Pinedo) : fit on shell model results®
e LMPR : same fit but done with more parameters®

4Bruenn 1985.
5Langanke et al. 2003.
®Raduta, Gulminelli, and Oertel 2017.



3 models for electrons captures on nuclei

AX+e” = 7 A4Y +v.

e LMP (Langanke and Martinez-Pinedo) : fit on shell model results®

e LMPR : same fit but done with more parameters®

Bruenn model
Calcul : weak interaction + shell model
+

= Predict no captures on nuclei with N > 40
(fewer captures at the end of the collapse, where neutron rich nuclei
dominates the composition)

4Bruenn 1985.
5Langanke et al. 2003.
®Raduta, Gulminelli, and Oertel 2017.



3 models for electrons captures on nuclei

éX +e — Zfl‘Y + Ve
e Bruenn : approx. of independant particles*
e LMP (Langanke and Martinez-Pinedo) : fit on shell model results®
e LMPR : same fit but done with more parameters®
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3 models for electrons captures on nuclei

AX+e” = 7 A4Y +v.
e Bruenn : approx. of independant particles*
e LMP (Langanke and Martinez-Pinedo) : fit on shell model results®

Raduta’s improvement of LMP fit

Improvement of the previous fit, done with more parameters :
o the Q-value

e thermodynamics conditions : T, ne = Yenp

e nuclei parameters : [ = (N — Z)/A and pairing

4Bruenn 1985.
5Langanke et al. 2003.
®Raduta, Gulminelli, and Oertel 2017.



Evolution of capture rates
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Figure 7: Evolution of the electron capture rates (on nuclei and free protons), in
the central element, along a collapse trajectory
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Evolution of electron fraction
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Figure 8: Evolution of the electron fraction
in the central element



amic of the shock

At bounce 1 ms after bounce
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Figure 9: Radial velocity profiles at core bounce
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Neutrino luminosity
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Figure 10: Electron neutrino luminosity, as
a function of time after bounce
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Conclusion

e the model of electron capture rates is of great influence on the results
of core-collapse simulation

e this influence is bigger than the one of other parameters such as the
EoS or the choice of pregenitor

= it is important to get more and more realistic interaction rates in order
to have core-collapse simulations that reproduces observations
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Some simulation details

Progenitor : data from stellar evolution models’
mostly s15 (15 Mg with solar metallicity)
GR metric solver : Lorene®
GR hydrodynamic solver : CoCoNuT®
Equation of State : HS(DD2)!?
Neutrinos transport treatment :
o Leakage scheme!?

e Fast Multigroup Transport scheme (FMT)!?
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