Fast neutrino flavor conversions inside the neutrino sphere in the

core-collapse supernovae
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v almost all of the binding energy of NS
liberated in the gravitational collapse
is emitted in the form of neutrinos
and the kinetic energy of matter in the

supernova explosion is just 1% of this Matter effect r >~ 103 km
Wolfenstein PRD 17, 2369, 1978
energy.

v' In the v — heating mechanism, a fraction
of v, and v, are re-absorbed by the
matter between the shock front and the
so-called gain radius and deposit their
energy to push the stagnated shock again.

v — v self interaction r ~ 104 km
Duan et al.,, PRD 74, 105014, 2006
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Linearized Equation of Motion.
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Assuming the solutions in the form of ;

Sp(t,7) = Qu(Q K)e M=KD

vk, Q, = a*
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Polarization tensor IT#Y = n#v + I%GV

D(w.k) = det[IT] = 0



v’ Results of the realistic 2D simulations on the K-Supercomputer
Nagakura et al., ApJ] 854, 136 (2018)

v’ For non-rotating progenitor model of My, ~11.2 M,

Woosley et al., Reviews of Modern Physics 74, 1015 (2002)

v’ Boltzmann equation for neutrino transport being solved and special
relativistic effect with a two energy grid technique. nagakuract at, apss 214,16 zo14)

v' Newtonian hydrodynamical equations & the Poisson equation for self-gravity
were solved simultaneously.



v' Equations are written on spherical coordinates (r, 8) and three
momentum space (E, 6, ¢,,)

v' Computational domains .
0 <r <5000 km
0 <0 <m
0 <E <300MeV
0< 6, <m
0< ¢, <2m

For 384 (r), 128 (8), 20 (E), 10 (8,)) and 6 (¢, ) mesh cells.
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['= The ratio of the anti-electron neutrino and the electron neutrino

.
a3 v
My = (2 2)93 fv d*p = E*dE sinfd6d¢
EZdE

Crossing .

— (f3,(E, 6y, ) = £, (E, 6y, ¢,)) =0



Cross points at Cross points at
r=16.5~ 18.1km r=16.1 ~21.4km

ipp = 190 ms T

+ represents the crossing points
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+ represents the crossing points



Summary

v’ The possible oscillation conditions in different radii and time steps has been studied.

v’ A systematic survey for all radii based on the angular distributions difference between the
electron-neutrinos and anti-electron type neutrinos.

v It is shown that the first crossing occurs at t ~ 190 ms and the crossings occur when
electron-neutrinos and anti-electron neutrinos ratio (I') is equal to 1.



