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2.1 Neutrino oscillation

Neutrino In flavor basis
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2.1 Neutrino oscillation In electron matter

Neutrino in flavor basis
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2.1 Neutrino oscillation In electron matter

Total Hamiltonian
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2.2 Neutrino oscillation in neutrino gas

Neutrino self-interaction Hamiltonian - by taking ensemble average
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2.2 Neutrino oscillation in neutrino gas
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2.2 Neutrino oscillation in neutrino gas

Neutrino self-interaction Hamiltonian - by taking ensemble average

NG
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2.2 Neutrino oscillation in neutrino gas

Neutrino self-interaction Hamiltonian - by taking ensemble average
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2.3 Neutrino spectra

The equation of motion, r~x Differential neutrino flux (Neutrino spectra)
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3. Supernova nucleosynthesis

Network Calculation

i h ... decay rates

YlePbNA<0V>kzj — YY PbNA<0V>jm,n

JINA data base; Cyburt et al. ApJS, 189, 240 (2010)

A~100 neutron capture (n,y) in Kawano et al. J. Nucl. Sci. Technol. 47, 462 (2010)
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e “He and '°C : T. Yoshida et al. APJ 686, 448 (2008)
e 13C to 8YKr: D. H. Hartmann and S. E. Woosley et al. (1995)

e Nb, Tc, La and Ta: Cheoun et al. PRC 82, 035504 (2010), PRC 85, 065807 (2012

... two body reactions

... 3 and4 body reactions
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3. Supernova nucleosynthesis

Network Calculation Neutrino window
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log Mass Fraction

log Mass Fraction

4. Results - 22Nb, *°Tc, *°La and *°Ta
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The elements are produced mostly inside the M, < 4M .

The valley around the M, ~ 4M, is due to the strong neutron
capture reaction(n, y).

The elements are produced through the charged current
reaction with electron neutrinos (v,, € ). The anti-electron

neutrinos has 20% contribution to produce BT,
I. Hayakawa et al. PRL 121, 102701,(2018)

In case of without neutrino self-interaction, mass hierarchy
has negligible effect on the synthesis. Because most of them

are produced inside M, < 4M ., where this region is before
the MSW resonance.
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log Mass Fraction

log Mass Fraction

4. Results - 22Nb, *°Tc, *°La and *°Ta

L L AL ILINLILANL I LN N LI B ]

= (a) W/o SI(NH) oo 1-10
: w SI(NH) —-—-— °
w/o SI (IH) - - - -

3 w SI (iH) —— 3=11
l_l:.l“‘j;i’:,: - N E

o T N 312
%BTe | i CON

3 1-13
w/o SI (NH) :
1381 a w SI (NH) —-—-- :

- w/o SI(IH) - --- =10
w Sl (IH) —— °

555 3 35 4 45 5 55 13
Mass Coordinate [M, /M)]

AT (v) (x10%°) [1/MeV/s]

 The elements are produced mostly inside the M, < 4M.,.

 The valley around the M, ~ 4M, is due to the strong neutron
capture reaction(n, y).

12 I I I I 1 1 1
- - - 10 km 12 ' ' ' ' | | oo 1I0km
NH 1000 km IH — 1000 km
1 Ve ] o 10 Ve ]
>
o
8 | s g}
6 82 6
Vo (x= S
il | 2,
_e_
NL
2-//////4/:—-:. | < 2}
0 L L L 1 pr—| IR -_& 0 L L
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Energy [MeV] Energy [MeV]

(With neutrino self-interaction) After 500 ms, NH case has
more higher electron neutrino energy distribution than IH
case. So the final abundances are larger in NH case.
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Summary

* Neutrinos during the supernova explosion play a key role to produce some elements
which exist In our solar system

* |[nside the supernova, neutrino self-interaction can change the neutrino spectra and it
depends on the supernova model and neutrino mass hierarchy

e The elements, which are produced from neutrino-induced reactions, can be understood
by the reduction of the v, flux by the neutrino self-interaction.
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Light element abundances
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~ 4. Results - 2Nb, °Tc, *°La and '*"Ta
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Neutrino self-interaction potential
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R4

The luminosity values

ms

3 | 6.5 6.0 3.6 93 122 165
100 | 7.2 7.2 3.6 105 133 165
200 | 6.5 6.5 2.7 133 155 165
J00 | 4.3 4.3 1.7 142 166 165
oS00 | 4.0 4.0 1.3 160 185 165
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J. Phys. G: Nucl. Part. Phys. 45 (2018) 104001

Simulation data - Neutrino luminosity and averaged energy

E O'Connor et al
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