T (8) =a—F/iEENE
BEETRER

aka KAJINO

National Astronomical Observatory

Dept of Astronomy, Grad School of Science, University of Tokyo
kajino@nao.ac.jp, http://www.cfca.nao.ac.jp/~kajino/




“KNOWN” Neutrino Oscillation Parameters

Super-K, SNO, KamLand (reactor v) Super Kamiokande (atmospheric v)
determined Am,,2 and 6, uniquely. determined Am,.2 and 6,5 uniquely.
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SN-neutrinos:
Cosmology

;ikgajf;;%eta'- “Several UNKNOWNS” .css double p-decay
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Various Physics Targets with wide Neutrino-Energy Range
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supernova relic neutrino
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"Be solar neutrino geo-neutrino reactor neutrino

Neutrino Cosmology Neutrino Astrophysics Neutrino Geophysics Neutrino Physics Neutrino Cosmology
o verification of SSM verification of earth Precision measurement verification of
verification evolution model of oscillation parameters universe evolution

of particle model
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NeutrinoJt & & A (4 -Process)
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NEBDIRF#%EMEEBIER: The v-process

(e.g., Woosley et al., 1990; WW95; Heger et al. 2005; Yoshida et al. 2004, 2005)

Neutral current i
{ +(Z, A) = (Z-z, A-a) + 7 +3
Charged current 3 Jii;
{e+ (Z, A) — (Z-7+1, A-a) + 7 + €
o+ (Z, A) > (Z-z-1, A-a) +%g + "

T,. = 3.2 MeV

To= = 4.0 MeV
T e = 6.0 MeV
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Supernova v-Process & Key Reactions

Yoshida, Kajino & Hartman, Phys. Rev. Lett. 94 (2005), 231101
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Presupernova structure
SN 1987AIZx I L71-16.2 M fEE2ET /L

(Shigeyama & Nomoto 1990)
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(Shigeyama et al. 1992)
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(Yoshida et al. 2004)
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B Eneutrino® 7T ILtEyTaY

Neutrino luminosity Ev =3 X 107 ergs (SN1987A)
—1Ev (_I;I:Lc_) b, =3
Lw(t) 6rvexp . O (¢-r/c) .

(After Woosley et al. 1990)

Neutrinosphere|Z# 7 4neutrino energy spectra
Fermis#h n =u kT =0
KTV e, kT e,kTV 1t T)= (3.2 MeV, 4 MeV, 6 MeV)
(Yoshida et al. 2004—2010, Hayakawa et al. 2010)

NeutrinodgEj/ \ T A—4
Large Mixing Angle solution
Am’31=4+24%x10" eV, Am21=79%10" eV’
+: [EEEREE, - FEEMREE

(Based on SK 2004; SNO 2004; KamLAND 2005)
sin’2 612 =0.816, sin2023=1
sin2 813 <0.1 (Based on CHOOZ 2003; SK 2004; SNO 2004; KamLAND 2005)




SN v-spectra are now KNOWN !
' Tiv,) < T(V,) < T(v,)
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SN-Neutrino Oscillation (MSW) Effect on v-Process

Adiabati Conversion Probability Supernova
rabatic e S— Density Profile & Resonance
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H-Resonance 3
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Non-Adiabatic ™ (W + ___J_ _ N ________ =
Ve 3

oz | ' : T N SR " e L L
Vi Vo | R | 3 4 5 5]
Parameters: Mr/ Mg
25M SN model (Hashimoto & Nomoto 1999)

solar
- sin%20,; = 0.04 138] g, 180Tq 15 19F @

- L, =3x10% erg, 1, = 3 sec Fermi-Dirac distr. of v-spectrum,
so that the observed 1B abundance

- E\e.=12MeV, Ez=20MeV, E, ,=24MeV  in Supernova Nucleosynthesis is reproduced.



Supernova v-Process & Key Reactions

H-Resonance

m/crle/cnem H

Yoshida, Kajino & Hartman,
Phys. Rev. iett. 94 (2005), 231101
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utrino Oscillation (MSW Effect) through propagation

oz £ V. —Spectrum
g - Low-E comp. disappears !
0 - High-E comp. appears !
Ty T — Te
15 50
Center
outside -
Parameters: ]
25M,,5; Progenitor SN model

(Hashimoto & Nomoto 1999)

- Sin%20,; = 0.04

- Am 2 = 2.4x10°2 eV?

-L, =3x10%3erg, 1, = 3 sec
- T,e=3.2MeV, T,.=5.0MeV, TVILLT =6.0MeV




SN Nucleosynthesis with Neutrino Oscillations

® Supernova nucleosynthesis (v-process)
16.2 Mg star supernova model corresponding to SN 1987A
Normal mass hierarchy, sin“26,, = 0.01

=
o

Mass Fraction
|_\
Q
(0]

=
o

[
~
T LU

1
TIT T T T Irrrr

=

o
=
o

Mass Fraction

MI’/M@

= =
S S
~ (@)

=
<
oo

T T 7T T T 1T T T 17T TrTrr[rrrr TrTrr[rrrrrrrt

MI’/M@

® 'Be, 11C abundance map Increase by a factor of 2.5 and 1.4
< Increase in the rates of charged-current reactions

“He(v,,ep)*He and **C(v,,ep)C in the He layer




larger effect ! Yoshida, Kajino, Yokomakura, Kimura, Takamura & Hartmann,
/ PRL 96 (2006) 09110: ApJ 649 (2006), 349.
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_/ smaller effect !
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MSW Effect: Wolfenstein 1978, PR D17, 2369; Mikheyev &
71 1711 _ " Smirnov 1986, Sov. J. Nucl. Phys. 42, 913.

LI/ B Rat|0 Yoshida, Kajino et al. ,2005, PRL94, 231101; 2006, PRL 96,
091101, 2006, ApJ 649, 319; 2008 ApJ 686, 448.
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Li/MB-EHERF R DOREHA DIRE

(1) KEESE. FTHEEHICKIBHEDNFRERA

1B RINER ~ 2497 A (FHEELE)
1g/og, £BERZETERMAICHTI!  Rebull et al. ApJ 507 (1998) 387; Proc. (2000)

Li IRINER ~ 6708 A (T (LB EIRER)
Li & "LifSLi,sEBR Z 2 TR I Many observations (1982 — present)
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Presolar SiC X-grains from SNe

12
{B-isotopic ratios
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SUMMARY

2. SN v-process on Li-Be-B isotopic ratios are sensitive
measure of the MSW effect in order to determine the

unknown v-oscillation parameter 0,; and mass hierarchy
of active vy, v, v..

X(SN)-grains search & SN-remnant spectr. obs.



