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超新星前兆ニュートリノの時間変化



超新星前兆ニュートリノのスペクトル

期待される物理 
- 燃焼過程の直接観測 
- 超新星コア構造の解明 
- 爆発前超新星アラーム

200pcを仮定



超新星前兆ニュートリノの先行研究
Pair neutrinos 
 Ordzywolek et al. (2004); Misiaszek et al. (2006) 
Plasma neutrinos  
 Ordzywolek et al. (2007) 
Neutrinos by weak interactions  
 Ordzywolek (2009) 
検出器でのevent数 
 Ordzywolek et al. (2007); Ordzywolek & Heger (2010)



我々の研究
詳細な時間変化: イベント数と燃焼フェーズ 
 Yoshida et al. (2016) 
Collapsing段階のv放出 
 Kato et al (2017) 
親星依存性  
 Kato et al (2015) Yoshida et al. 準備中 
KamLANDでの検出可能性 
 Asakura et al (2016)



重み付けされたニュートリノ数

 Yoshida et al. (2016)
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FIG. 15. Expected neutrino events per one hour detected by JUNO in 30 hours prior to a SN explosion. Left panel shows the
15 M⊙ model and right panel shows the 20 M⊙ model. Red and blue lines indicate the cases of the normal and inverted mass
hierarchies. Dashed and dash-dotted green lines indicate the background events per hour in high and low reactor phases.
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FIG. 16. Expected neutrino events per ten minutes detected
by JUNO in 120 minutes prior to a SN explosion of the 15 M⊙
model. Red and blue lines indicate the cases of the normal
and inverted mass hierarchies.

the ignition of the O shell burning after the termination
of the Si core burning. In the case the 12 M⊙ model, a
minimum appears around ten hours prior to the explo-
sion. A peak with eight events appears about six hours
prior to the minimum. Since the peak hight is smaller
than the 15 M⊙ model, it is more difficult to observe it.

We also see a minimum of the neutrino events around
seven hours prior to the explosion in the 20 M⊙ model.
This change is less prominent than the 15 M⊙ model but
still we would recognize the change of burning processes
in the central region. The 20 M⊙ model indicates weak
neutrino emission from the O shell. Thus, we could ob-
serve the evolution of burning processes in the central
region of collapsing stars through the preSN neutrino
events and could constrain shell burnings after the Si
core burning.

We present the time evolution of the neutrino events

TABLE V. Expected SN alarm time by JUNO (hours prior
to the explosion).

Model Time prior to the explosion (hr)
Low reactor phase High reactor phase
normal inverted normal inverted

12 M⊙ 19.9 16.1 1.29 0.640
15 M⊙ 23.6 20.0 17.2 1.31
20 M⊙ 16.8 12.6 10.9 8.46

just prior to the SN explosion. Figure 16 shows the ex-
pected neutrino events for ten minutes detected by JUNO
for two hours prior to the explosion in the 15 M⊙ model.
We see a minimum of the event around 50 minutes be-
fore the explosion but the difference of the event num-
ber at the maximum around 70 minutes is small. This
corresponds to the ignition of the Si shell burning at
Mr ∼ 1M⊙. This signal also would be observed by
Hyper-Kamiokande if low threshold energy is set. The
multiple observations of preSN neutrinos will raise the
reliability of observed neutrino signals. We note that the
neutrino events per ten minutes monotonically increase
for two hours in the 20 M⊙ model. Since the convec-
tion of the Si shell burning of the 20 M⊙ model is not
so strong, the efficiency of the convection would be con-
strained from the preSN neutrino signals.

A SN alarm using preSN neutrinos is also possible for
JUNO. We consider the time for the SN alarm using the
neutrino events per hour of the three models. The energy
range for the alarm is set to be 0.9 ≤ εp ≤ 3.5 MeV sim-
ilar to KamLAND. Table V lists the expected SN alarm
time given by JUNO. In the low reactor phase, the SN
alarm will be sent earlier than KamLAND. Except for
the case of the inverted mass hierarchy of the 12 M⊙
model, the alarm will be sent before the star starts the
O shell burning.

20M15M Normal
Inverted

Si core O shell

JUNOでの予想イベント数

Si core燃焼 → O shell燃焼
星の中心での燃焼過程の進化をニュートリノで観測



15M Normal
Inverted

Si core
O shell

SK-Gdでの予想イベント数

Si core燃焼 → O shell燃焼
Delayedを50%検出可能と仮定
BGを低減できれば                                             を観測可能



Si shell燃焼
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Gd-loaded Hyper-K
Si shell

O shellO shell Si shell

JUNO shell -> Si shellが観れるかも…….
HK-Gd: 詳細な時間変動を測定可能

15M
JUNO



collapse前後

15M

Kato et al., (2017)



広範な原子核反応を考慮



電子捕獲型超新星爆発



電子捕獲型超新星爆発

前兆vは見えない.  
Collapse phaseではECによりveが出る -> DUNEで見える



もっと重い星

From 吉田敬 2017年3月5日@第3回超新星ニュートリノ研究会



もっと重い星
KamLANDで200pcからの前兆vを想定

From 吉田敬 2017年3月5日@第3回超新星ニュートリノ研究会



もっと重い星
SKで200pcからの前兆vを想定

From 吉田敬 2017年3月5日@第3回超新星ニュートリノ研究会



前兆vアラーム@KamLAND

LIGOのonline monitorに組み込まれている



その他
重力波イベントに相関を持つv探索 
GRBに相関を持つv探索 
v-GWの同時解析 
SN1987A親星の研究 
中性カレントコヒーレント散乱によるSN探索 (XMASS) 
近傍超新星に備えた電子回路/DAQ開発 
   -> 佐藤くんのポスター発表



まとめ

天体活動 (恒星進化と超新星爆発機構) 
武器: 超新星前兆ニュートリノ 
- 新しいモデルの開発 
- 爆発前アラームの実現



電子捕獲型超新星爆発







ベテルギウス
- 赤色超巨星  
- 星進化の最終段階

質量: M=17-26 Msun 
距離: d=197 ± 45 pc



星構成の進化

Siコア燃焼

Oシェル燃焼



毎年開催 
- 90-120分程度のチュートリアル講演 
- 次回はこの冬に東京近郊



成果 
- 論文13本 
- 国際協力MoU
目標 
- 公募研究との有機的連携



KamLAND: detection principle
Anti-neutrino detection: delayed coincidence measurement
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- time-spatial correlated events 
- Reduction of background events



ニュートリノ振動

F = pF⌫̄
e

+ (1� p)F⌫̄
x

p : survival probability

標準質量階層構造: p=0.69 
逆質量階層構造: p=0

Astroparticle Physics 
Volume 21, Issue 3, June 2004, Pages 303–313

http://www.sciencedirect.com/science/journal/09276505
http://www.sciencedirect.com/science/journal/09276505/21/3


XMASSにおける超新星ニュートリノ観測

平出さんスライド(超新星ニュートリノ研究会)



XMASSにおける超新星ニュートリノ観測

平出さんスライド(超新星ニュートリノ研究会)

KamLANDはνx+ p → νx+ p 反応がある. 
KamLAND + XMASSでクロスセクションの決定も可能.




