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Neutrinos in core-collapse supernova

99% of gravitational energy ~10°3 erg
is carried by neutrinos during ~10 s

Neutrino oscillations inside the supernova
could affect neutrino-induced reactions
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Neutrino oscillations in core-collapse supernovae

r~ 102 km: Neutrino self-interactions
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Numerical simulations of
neutrino self interactions in SNe



How to calculate neutrino oscillations

Solve time evolutions of 3 X 3 density matrices p, P
/7

d Neutrinos, Antineutrinos

dtpaﬁ — — [H p] Pyq - NUmMber of v,

Py - NUMber of v,
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Hamiltonian

H = Hkinetic + Hmatter + Hself
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Vacuum Oscillations Scattering with electrons Neutrino self interactions




1. Hydrodynamics
" 1D explosion model In this talk

L, (10°%erg/s)

*40 M, progenitor, 0.6,|1.1 s| after core bounce
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Number spectrum (a.u.)
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Self interactions in normal hierarchy Am3,>0

Before self interactions (r = 40 km)

After self interactions (r = 400 km)

—>

MeV

60

MeV




Number spectrum (a.u.)

Self interactions in inverted hierarchy Am:,<0
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Multi angle suppression

Flavor transitions are weakened in the multi angle calculation

Single angle approximation
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Influence on vp process nucleosynthesis



Nucleosynthesis in neutrino-driven winds

O-Ne-Mg VP process
layer (T=2-3 X 10°K, Y, > 0.5)
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Neutrino self-interactions can affect
vp process nucleosynthesis !!
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Enhanced abundances of p-nuclei
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In normal hierarchy, p-nuclei
are increased by ~1-10% times

In inverted hierarchy, nearly the
same result as that in no oscillation
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Neutrino oscillations in T~2-3 X 10° K
affect abundances of p-nuclei

The necessity of self interactions
for the precise nucleosynthesis



*Neutrino self interactions could affect neutrino spectra and
nucleosynthesis in core collapse supernovae

*Neutrino flavor transitions are suppressed by multi angle effects

In normal hierarchy, the vp process nucleosynthesis is enhanced by
increasing electron antineutrinos

 Our simulation results suggest the necessity of neutrino self interactions
for the precise nucleosynthesis



