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2021年4月にスタートした
比較的新しい研究室です 

横山(将)研究室と協力し、
横山・中島研究室として
活動しています

Email: yasuhiro.nakajima@phys.s.u-tokyo.ac.jp

居室: 理学部1号館6階 601b

ニュートリノを用いた
素粒子実験・宇宙観測
がテーマです

mailto:yasuhiro.nakajima@phys.s.u-tokyo.ac.jp


なぜニュートリノを研究するか
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• 素粒子としてのニュートリノの性質の解明


• 質量はいくつか？どう理論的に記述できるか？


• 物質・反物質の非対称性が存在するか？


• ニュートリノを通じて宇宙や星の成り立ちを紐解く


• 光が届かないところ（星の内部や宇宙超初期）から
もニュートリノは届く


• 宇宙や星の成り立ちを調べる上で、重要な手がかり

現在の宇宙はほぼ物質のみで、反物質が存在
しない理由をニュートリノが握っている？

ニュートリノで見た太陽

物質 物質反物質 反物質

私たち

H. Murayama

初期の（熱かった頃の）宇宙 現在の宇宙



中島研としてやろうとしていること
• ガドリニウムを加えた新生スーパーカミオカンデを用いた、
新たなニュートリノ観測


• 超新星背景ニュートリノの世界初観測* 

• 中性子を用いて背景事象除去


• T2Kビームでニュートリノの物質・反物質非対称性の観測 

• 中性子観測で、ニュートリノ反応測定の精度向上


• ハイパーカミオカンデ実験の推進 

• 光電子増倍管の精密較正


• 最初の物理結果に携われるチャンス！


• ニュートリノ反応の精密評価のためのビーム実験* 

• 新たなニュートリノ実験・測定器の研究*
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SK-Gd Project
Physic targets
• Precursor of nearby supernova by Si-burning neutrinos
• Improve pointing accuracy for galactic supernova
• First observation of Supernova Relic Neutrinos
• Others

• Reduce proton decay background
• Neutrino/anti-neutrino discrimination                    

(For T2K and atmospheric nubs analyses)
• Reactor neutrinos

2020.6.3 ugap2020 
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*をつけたトピックについて今日は紹介します

ハイパーカミオカンデ用光電子増倍管の評価（渡辺・中島研OB）



• 5万トンの水を用いた、世界最大の地下ニュートリノ観測装置

• 11000本以上の 50 cm 光電子増倍管を壁面に設置

• 様々なニュートリノが観測可能


• 太陽ニュートリノ

• 超新星ニュートリノ

• 大気ニュートリノ

• 加速器ニュートリノ


• 1996年に運転開始


• 2020年にガドリニウムを加え、新生スーパーカミオカンデへ

スーパーカミオカンデ
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39m
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.4
m Outer detector ~  1,900  20cm PMTs

Inner detector ~11,100 50cm PMTs
1,000m under the ground

50,000 tons  Ring imaging Water Cherenkov detector
Super-Kamiokande detector

SK-I started in Apr. 1st, 1996.
SK-IV finished on May 31st, 2018.
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SK-I SK-III SK-IV
1996

SK-II
Photo coverage 40% 20% 40% 40%

2002 2006 2008

Accident Full reconstruction Replace electronics & DAQ system

2018

Preparation
for SK-Gd

SK-V SK-Gd
2019

Tank refurbishment
40%

2020
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志摩 (横山-中島研M1)

東大宇宙線研M2
東大宇宙線研M2

東工大D1

東大宇宙線研M1

電子線形加速器を使ったスーパーカミオカンデの較正実験 (2021)

神岡総合研究棟 (2021年完成)

神岡

東大宇宙線研助教

※学年は2021年当時



スーパーカミオカンデ・ガドリニウム (SK-Gd)
• 2020年から2022年にかけてガドリニウム(Gd)を水中
に溶解し、 中性子検出効率を飛躍的に高めた


• Gdは非常に高い断面積で熱中性子を吸収し、SK
で容易に観測できる~8MeVのガンマ線を放出




• スーパーカミオカンデ始まって以来の大改造


• 中性子を最大限に利用した宇宙素粒子観測が今後の
大目標


• 超新星背景ニュートリノの世界初観測 

• 中性子を用いた大気・加速器ニュートリノ観測の
高精度化


• 原子炉ニュートリノの観測


• などなど

n + NGd → N+1Gd + γs( ∼ 8 MeV)
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Hiroyuki Sekiya                                                               TAUP2017      Sudbury                                                  July 26 2017

The Gadolinium project 
y To identify νe p events by neutron tagging with Gadolinium.
y Large cross section for thermal neutron (48.89kb)
y Neutron captured Gd emits 3-4 γs in total 8 MeV

◦ Well above most of BG from RIs  and the SK trigger threshold

y 90% of Gd capture efficiency at 0.1% loading
y Gd2(SO4)3 was selected to dissolve→0.2% loading

◦ In Super-K, it corresponds to 100 tons of loading 
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Beacom and Vagins PRL93,171101 (2004)
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Gd in Super-Kamiokande!
• 2020年、13トンのGd2(SO4)3･8H2O を溶解 (Gd重量濃度0.01%)


• 水の動きに沿って、Gdによる中性子捕獲事象の分布が上に伸
びてゆく様子を確認
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宇宙線ミューオン起源の中性子の探索 6

• Gd 濃度 0.01% → 中性子捕獲時定数 ~115 μs 
• 宇宙線ミューオン飛来後 35–535 μs の時間から 

Gd による中性子捕獲事象の候補を探索. 
• 35 μs までの時間は探索から除外. 
• ミューオンの崩壊電子による事象 (~2.2 μs) 
• PMT のアフターパルス (10–20 μs)

Time

0 μs 35 μs 535 μs

μ

探索

• 中性子捕獲事象の発生点とミューオントラックの位置関係 
• 光を検出した PMT の数 (信号の大きさ)

次の2つを用いて, Gd による中性子捕獲事象の選別を行う.

16O
γ

γ γ

n

μ

Gd

pure water

Gd2(SO4)3∙8H2O
dissolved waterGd2(SO4)3∙8H2O

dissolved water

Gd2(SO4)3∙8H2O
dissolved water

pure water

pure water

pure water

Gd2(SO4)3∙8H2O
dissolved waterGd2(SO4)3∙8H2O

dissolved water

Gd2(SO4)3∙8H2O
dissolved water

pure water

pure water

pure water

Gd2(SO4)3∙8H2O
dissolved waterGd2(SO4)3∙8H2O

dissolved water

Gd2(SO4)3∙8H2O
dissolved water

pure water

pure water

ガドリニウムでとらえた、宇宙線によって生成された中性子の反応点分布2020年



• 2022年、さらに26トンの
Gd2(SO4)3･8H2O を溶解


• Gd重量濃度: 0.03%


• 75%の中性子がGdに捕
獲されるように
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2022/09/28 The 21st international workshop on Next Generation Nucleon Decay and Neutrino Detectors (NNN22), Hida-city, Gifu, Japan

Study of energy scale calibration and  
Gd concentration monitoring  

using cosmogenic neutron in SK-Gd
AUTHOR : Shizuka Shima (shizuka@hep.phys.s.u-tokyo.ac.jp) 
CO-AUTHORS : Yasuhiro Nakajima, Masataka Shinoki, SK Collaboration

1. SK-Gd [1]
•First loaded gadolinium into pure water SK in 2021 •Gd : large thermal neutron capture cross section  
• emits  cascade( ~8MeV ) after Gd captured neutron 
• Improved sensitivity to supernova relic neutrinos

γ

2. Spallation neutron
Generated when a cosmic ray muon 
interacts with an oxygen atom in SK tank

Advantage
1. Large statistics 
2. Uniformly distributed across the entire detector and all time
Events selection
1. Cosmic muons 
① Hit in both OD and ID PMTs 
② Total integral charge of the signal observed in ID :  p.e. 

2. Neutrons 
① Timing 
- energy calibration & stability : [ 35, 535 ]µs 
- Gd monitor : [ 20, 535 ]µs 
② Length of muon track and point of neutron capture events : L  < 500 cm 
③ Number of PMTs that detected the light : about 20 < N < 70

Qμ > 10000

t

50

4. Stability

Stability of each area
Stability of the entire detector

Stable within 1%±

3. Position dependence

Display name Number of 
generated neutron

All Any

n : 1 1

n : 2~10 2～10

•Compared spallation neutron signals 
in 3 conditions, considering pileups 
and other effects

Comparisons with measurement results 
using AmBe[2] are currently underway

Neutron signal extraction

- signal part - background part

→

Fitting 
- Gaussian 
- Range : [ mean - 0.7 * sigma , 
mean + 1.5 * sigma]

2020/09/10 2022/03/12

8. Future prospects 
• Crosscheck of spallation neutron signal using AmBe neutron 
source data 
• Investigation of improved energy calibration methods 
 (Goal : correction to about 0.5%) 
• Continued monitoring of the stability of the detector response

subtract events in the background window [ 335, 535 ]µs 
from events in the signal window [ 35, 235 ]µs

7. Summary

IBD : ν̄e + p → e+ + n

• SK-Gd was started • Developing new methods of calibrating and monitoring the 
detector using spallation neutron 
- Evaluating the position dependence 
- Confirmed energy scale stability within 1% 
- Confirmed uniform Gd concentration throughout the SK tank 
at the start of SK7

±

poster #64

6. Gd-loading Gd water was introduced from 
the bottom of the tankSpallation neutron signal

Time constant

•10 divisions in 
the z-axis •Fitting in each 
area

5. From SK6 to SK7
•Additional gadolinium was in June 
2022 and SK7 was started 
- Gd concentration : 0.01% -> 0.03% 
- Capture rate : 50% -> 75% 
- Time constant : 125 µs -> 63 µs

confirmed uniform Gd concentration throughout the tank !

Preliminary

Preliminary

Preliminary

Preliminary

References  
[1] Nuclear Inst. and Methods in Physics Research, A 1027 (2022) 166248 
[2]Astropart. Phys. 31, 320-328 (2009)

Gd in Super-Kamiokande! 志摩さん(横山・中島研OG)

新生スーパーカミオカンデがスタート
超新星背景ニュートリノの
「発見」を目指しています

→現M2の室さんが、中性子を用いた研究を継続中
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Figure 2. (a) SRN flux in units of f∗ cm−2 s−1 MeV−1 calculated with three
reference models of original neutrino spectrum: LL, TBP and KRJ. The flux
of atmospheric neutrinos [66, 67] is also shown for comparison. (b) The same as
(a), but indicating contribution from various redshift ranges. LL is adopted as the
supernova model. These figures are taken from [17].

the distant detector is

dNν̄e

dEν̄e

= |Ue1|2
dNν̄1

dEν̄1

+ |Ue2|2
dNν̄2

dEν̄2

+ |Ue3|2
dNν̄3

dEν̄3

= |Ue1|2
dN0

ν̄e

dEν̄e

+ (1 − |Ue1|2)
dN0

νx

dEνx

, (7)

where the quantities with superscript 0 represent those at production, Uαi is the mixing matrix
element between the α-flavour state and ith mass eigenstate, and observationally |Ue1|2 = 0.7.
In other words, 70% of the original ν̄e survives; on the other hand, the remaining 30% comes
from the other component νx. Therefore, both the original ν̄e and νx spectra are necessary for the
estimation of the SRN flux and spectrum; since the original νx spectrum is generally harder than
that of the original ν̄e, as shown in table 1, the flavour mixing is expected to harden the detected
SRN spectrum.

3. Flux and event rate of SRNs

3.1. Flux of SRNs

The SRN flux can be calculated by equation (3) with our reference models given in section 2.
Figure 2(a) shows the SRN flux as a function of neutrino energy for the three supernova models,
LL, TBP and KRJ. The flux of atmospheric ν̄e, which becomes a background event for SRN
detection, is shown in the same figure [66, 67]. The SRN flux peaks at !5 MeV, and around this
peak, the TBP model gives the largest SRN flux because the average energy of the original ν̄e

is considerably smaller than in the other two models but the total released energy is assumed to
be the same. On the other hand, the model gives a smaller contribution at high-energy regions,
Eν > 10 MeV. In contrast, the high-energy tail of the SRN flux with the LL model extends

New Journal of Physics 6 (2004) 170 (http://www.njp.org/)

S.Ando et al., Astrophys.J.607:20-31,2004
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FIG. 1. DSNB ⌫̄e flux predictions from various theoretical models (Horiuchi+21 [13], Tabrizi+21 [14], Kresse+21 [12],
Horiuchi+18 [11], Nakazato+15 [6], Galais+10 [15], Horiuchi+09 [16], Lunardini09 [10], Ando+09 [17], Kaplinghat+00 [9],
Malaney97 [7], Hartmann+97 [18], and Totani+95 [8]). Refer to each publication for the detailed descriptions of model. In
the legend, “NO” and “IO” represent neutrino normal and inverted mass orderings assumed in the calculation, respectively.
For the Horiuchi+09 model with a 6 MeV temperature, only the maximal flux prediction is shown. The prediction for the
Galais+10 model here is extrapolated up to 50 MeV as the original publication was served up to 40 MeV. The prediction by
Nakazato+15 is only available up to 50 MeV. The values of the flux used in this analysis for the Ando+03 model are the ones
released at the NNN05 conference [19]. The corresponding flux is larger by a factor of 2.56 than in the original publication [17].

only allowed for an exposure of 6.72 kton·year. In 2015,
a new SK analysis including neutron identification led
to stronger constraints down to 13.3 MeV neutrino ener-
gies [23]. Since the SK triggers did not allow to record
the neutron capture signal until 2008, this analysis could
only be performed on a small part of the SK data set,
with a total livetime of 22.5 ⇥ 960 kton·days. Due to
this low exposure and the low neutron tagging e�ciency
in water, this search however yielded weaker limits than
the SK-I,II,III analysis [22] above 17.3 MeV.

In this study, we draw on the previous SK analyses

to present two DSNB searches for antineutrino energies
ranging from 9.3 to 81.3 MeV, with significantly im-
proved background modeling and reduction techniques.
In the 9.3 to 31.3 MeV range, we derive di↵erential up-
per limits on the ⌫̄e flux independently from the DSNB
model, following the strategy outlined in Ref. [23] using
a 22.5⇥2970-kton·day data set. In the 17.3 to 81.3 MeV
range we constrain a wide variety of DSNB models using
spectral fits analogous to the ones described in Ref. [22].
We then combine the results of this analysis with the
ones obtained in Ref. [22] for the former SK phases, thus

超新星「背景」ニュートリノ
• 過去の超新星爆発で作られ、現在の宇宙に蓄積し
ていると考えられるニュートリノ


• 爆発が起こった時期によって赤方偏移したスペク
トルの重ね合わせ


• 多くの物理モデルが存在


• 星形成の歴史


• 超新星爆発のメカニズム


• ニュートリノ自身の性質

Diffused Supernova Neutrino Backgrounds 
Supernova Relic Neutrino 

• Neutrinos produced from the 
SDVW�61�EXUVWV�DQG�GL⒐XVHG�LQ�
the current universe.
• ~ a few SN explosions every 

second ˢ O(1018) SNe so far in 
this universe

• Can study history of SN bursts 
with neutrinos

62020.6.3 ugap2020 

宇宙のどこかで、毎秒数個の超新星爆発が起こっている
これまでの宇宙の歴史ではO(1018)回の爆発があったはず



超新星背景ニュートリノ 最新の探索結果
• 信号: 反電子ニュートリノの逆ベータ崩壊


• ガドリニウム導入後1.5年間のデータ(0.01% Gd)
で純水での約10年分のデータに匹敵する感度を
既に達成


• 現在は0.03%ガドリニウム濃度での観測を継続
中（すでにこの結果の倍以上の感度）


• 一部のモデルの予想には感度到達。


• いよいよ初観測が間近！？ 

• 一方で、「発見」のためには背景事象のより
良い理解が必須
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The number of accidental coincidence background events
Bacc is estimated as

( )e= ´ -B N , 1acc mis pre ntag
data

where εmis is the neutron misidentification probability
described in Section 3, and -Npre ntag

data represents the number
of remaining observed events after all selection criteria except
neutron tagging.

Systematic uncertainties are estimated for only signal energy
regions. The uncertainties on the NCQE events, spallation 9Li,
and reactor neutrinos are taken as estimated by Abe et al.
(2021), as 68% below 15.49MeV and 82% above 15.49MeV,
60%, and 100% for the NCQE, 9Li, and reactor neutrino
backgrounds, respectively. Other components, such as non-
NCQE events and accidental coincidence events, are newly
estimated from the observed data in SK-VI based on the same
method as Abe et al. (2021), 44% and 4%, respectively.

5. Results

After all event selection criteria are applied, 16 events
remain within the signal energy region in 552.2 day data. In
this analysis, we adopt five separate bins of Erec, of widths
7.5–9.5, 9.5–11.5, 11.5–15.5, 15.5–23.5, and 23.5–29.5 MeV
for the signal window. Also, the side-band region is separated
into bins for each 10MeV. Figure 2 shows the Erec spectrum of
those events. This is also listed in Table 1.

The probabilities of finding the observed number of events due
to the fluctuation of the background events (p-value) are evaluated
for each bin. It is done by performing 106 pseudo experiments
based on the number of observed events and expected background
events and the systematic uncertainties of the latter. The obtained
p-values are listed in Table 1. We conclude that no significant
excess is observed in the data over the expected background since
even the most significant bin has a p-value is 25.8%.

We set the upper limit for the number of signal excess over
the expected background with a 90% confidence level (C.L.;
N90). It is evaluated by the pseudo experiments using the
number of observed events with these 1σ statistical uncertain-
ties and the number of expected background events with their
systematic uncertainties. Then we estimate the flux upper limit
based on N90 of the observed event. Assuming there is no
signal event, the upper limit on the flux for each bin is
calculated as

¯ · · · ¯ ·
( )f

s e
=

N
N T dE

. 2
p

90
limit 90

IBD sig

Here, s̄IBD is the averaged total cross section of IBD for each
energy bin, Np is the number of protons as a target in the 22.5
kton of the fiducial volume of SK, T is the live time of
observation (552.2 days), ēsig is the averaged signal efficiency
for each energy bin after all event selection criteria are applied
as shown in Figure 1, and dE is the bin width at each bin. The
neutrino energy Eν is calculated by Eν= Erec+ 1.8 MeV. The
total cross section is given by the calculation in Strumia &
Vissani (2003).

The expected upper limit from the background-only
hypothesis at 90% C.L., N90, exp, is evaluated using the number
of expected background events and their statistical uncertainty.
Then we extract the expected flux sensitivity by replacing N90
with N90, exp in Equation (2).

Figure 3 shows the upper limit of the n̄e flux extracted in this
search with the range of expectations of modern DSNB models.
The most optimistic expectation is Kaplinghat+00 (Kaplinghat

Figure 2. Reconstructed energy spectra of the observed data and the expected
background after data reductions with a linear (top) and a logarithmic (bottom)
scale for the vertical axis. These include the signal energy region and the side-
band region above 29.5 MeV. Each color-filled histogram shows the expected
backgrounds. The error bars in the data points represent the statistical
uncertainty estimated by taking the square root of the number of observed
events. These background histograms are stacked on the other histograms. The
hatched areas represent the total systematic uncertainty for each bin. The size of
uncertainty for each background is mentioned in the main text. The red dotted–
dashed line shows the DSNB expectation from the Horiuchi+09
model (Horiuchi et al. 2009), which is drawn separately from the stacked
histogram of the estimated backgrounds.

Table 1
Summary of Observed Events, Expected Background Events, and p-value for

Each Erec Bin

Erec (MeV) Observed Expected p-value

7.5–9.5 5 7.73 ± 2.54 0.798
9.5–11.5 5 4.14 ± 1.23 0.398
11.5–15.5 3 2.13 ± 0.59 0.359
15.5–23.5 2 0.98 ± 0.35 0.258
23.5–29.5 1 0.98 ± 0.41 0.597

Note. Errors for the expected background represent only the systematic
uncertainty.
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The Astrophysical Journal Letters, 951:L27 (8pp), 2023 July 10 Harada et al.
Astrophys.J.Lett. 951 (2023) 2, L27
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I Di�cult analysis due to large backgrounds
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大気ニュートリノNCQE 大気ニュートリノnon-NCQE

Supernova Relic Neutrino

I The Supernova Relic Neutrinos (SRN) or
“Di↵use Supernova Neutrino Background”
are an expected background of ⌫ produced
by all the past supernovae.

I Theoretical flux prediction :
0.3 ⇠ 1.5 /cm2/s (17.3MeV threshold)

I Signal: Inverse � decay reaction:

⌫e

p

n

e+

I Large background rate is a↵ecting the
analysis
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信号予想



ニュートリノ反応を理解
するための原子核実験

• ニュートリノ反応を精密に理解するための原子核実験を理化学研究所RI
ビームファクトリーで計画中


• 超新星背景ニュートリノの最大のバックグラウンドである大気ニュート
リノ事象の予測精度を高め、超新星背景ニュートリノの世界初観測へ！

12

ν ν

γ γ

ニュートリノ - 原子核散乱 核子 - 原子核散乱

蒸発過程 蒸発過程

・ ニュートリノ反応物理 

・ 核子状態 + ノックアウト
反応の物理

蒸発モデル

前平衡過程                      
(Final state interaction)

水野 (M2)



新たな超新星ニュートリノ
観測方法の開拓

• 銀河系内など近傍で超新星爆発が起こった時、短い時間に大量
(数1000)のニュートリノが観測にかかる


• SKでの主な信号は反電子ニュートリノ ( ) 
(~90%)


• 酸素原子核との反応(  )(数%)を使って、
電子ニュートリノも測りたい！


• でもこの反応はよく理解されていない。


• 米国のオークリッジ国立研究所での電子ニュートリノ測定実験
を計画中！

νe + p → e+ + n

νe + 16O → e− + 16F*

13
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binding energy of the 1.4M⊙ collapsed core – some 10% of
its rest mass – is emitted in neutrinos.

2.2 Stages of the explosion

The core-collapse neutrino signal starts with a short, sharp
“neutronization” (or “break-out”) burst primarily composed
of νe from e−+ p → νe+n. These neutrinos are messengers
of the shock front breaking through the neutrinosphere (the
surface of neutrino trapping): when this happens, iron is dis-
integrated, the neutrino scattering rate drops and the lepton
number trapped just below the original neutrinosphere is sud-
denly released. This quick and intense burst is followed by
an “accretion” phase lasting some hundreds of milliseconds,
depending on the progenitor star mass, as matter falls onto
the collapsed core and the shock is stalled at the distance of
∼ 200 km. The gravitational binding energy of the accret-
ing material is powering the neutrino luminosity during this
stage. The later “cooling” phase over ∼10 s represents the
main part of the signal, over which the proto-neutron star
sheds its trapped energy.

The flavor content and spectra of the neutrinos emitted
from the neutrinosphere change throughout these phases, and
the supernova’s evolution can be followed with the neutrino
signal.

The physics of neutrino decoupling and spectra formation
is far from trivial, owing to the energy dependence of the cross
sections and the roles played by both CC and neutral-current
(NC) reactions. Detailed transport calculations using meth-
ods such as MC or Boltzmann solvers have been employed. It
has been observed that flux spectra coming out of such sim-
ulations can typically be parameterized at a given moment in
time by the following ansatz (e.g., [10,11]):

φ(Eν) = N
(

Eν

⟨Eν⟩

)α

exp
[
− (α + 1)

Eν

⟨Eν⟩

]
, (0)

where Eν is the neutrino energy, ⟨Eν⟩ is the mean neutrino
energy, α is a “pinching parameter”, and N is a normaliza-
tion constant related to the total luminosity. Large α cor-
responds to a more “pinched” spectrum (suppressed tails
at high and low energy). This parameterization is referred
to as a “pinched-thermal” form. The different νe, νe and
νx (x = µ, τ, µ̄, τ̄ ) flavors are expected to have different
average energy and α parameters and to evolve differently in
time.

The initial spectra get further processed by flavor transi-
tions, and understanding these oscillations is very impor-
tant for extracting physics from the detected signal (see
Sect. 2.4.1).

In general, one can describe the neutrino flux as a function
of time by specifying the three pinching parameters in suc-
cessive time slices. Figure 1 gives an example of pinching
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Fig. 1 Expected time-dependent flux parameters for a specific model
for an electron-capture supernova [8]. No flavor transitions are assumed.
The top plot shows the luminosity as a function of time, the second plot
shows average neutrino energy, and the third plot shows the α (pinching)
parameter. The vertical dashed line at 0.02 s indicates the time of core
bounce, and the vertical lines indicate different eras in the supernova
evolution. The leftmost time interval indicates the infall period. The
next interval, from core bounce to 50 ms, is the neutronization burst
era, in which the flux is composed primarily of νe. The next period,
from 50 to 200 ms, is the accretion period. The final era, from 0.2 to
9 s, is the proto-neutron-star cooling period. The general features are
qualitatively similar for most core-collapse supernova models

parameters as a function of time for a specific model, and
Fig. 2 shows the spectra for the three flavors as a function
of time corresponding to this parameterized description. We
have verified that the time-integrated spectrum for each fla-
vor is expected to be reasonably well approximated by the
pinched-thermal form as well.

2.3 Astrophysical observables

A number of astrophysical phenomena associated with super-
novae are expected to be observable in the supernova neu-
trino signal, providing a remarkable window into the event. In
particular, the supernova explosion mechanism, which in the
current paradigm involves energy deposition into the stellar
envelope via neutrino interactions, is still not well under-
stood, and the neutrinos themselves will bring the insight
needed to confirm or refute the paradigm.

There are many other examples of astrophysical observ-
ables:

– The initial burst, primarily composed of νe and called
the “neutronization” or “breakout” burst, represents only
a small component of the total signal. However, flavor
transition effects can manifest themselves in an observ-
able manner in this burst, and flavor transformations can
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needed to confirm or refute the paradigm.
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a small component of the total signal. However, flavor
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小型水チェレンコフ検出器（計画中）

 超新星ニュートリノの光度曲線



スピンオフ・プロジェクト:  
二重ベータ崩壊の探索
• SK-Gdのために高純度のGdを精製


• 他にも高純度ガドリニウムを生かせる
用途は無いか？


•  160Gdからの二重ベータ崩壊のためのガ
ドリニウムを含んだ高純度無機結晶も開
発・評価中
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図 20 実験 5のセットアップ

5.4 実験結果

図 21 放射線源 137Csを置いたときの信号

各測定でのスペクトルは図 23,24,25,26のようになった。
測定精度の関係で光電ピークは幅を持つので、ガウスフィットし、ピーク CHを求める。

16

/7

• Y0.5、Y1.0、Y1.5 は2つずつある

小さいGAGG結晶の発光量比較

6
Y1.0 < Y0.0 < Y0.5 < Y1.5 という傾向は変わらず

GPS測定のセットアップ
1. キムワイプにエタノールをつけ、光電面と結晶を拭く
2. 結晶を銀色のシートで巻き、その上から白のシールテープで巻く
3. 接合部に光学グリスをつけ、

PMTの光電面に接着
4. 黒いテープでさらに巻く

PMTの HV: −800V整形アンプのゲイン: 2整形時間: 100 ns

MCAのしきい値: lld = 75測定時間: 1時間
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大型プロジェクトの中での研究
• スーパーカミオカンデ、T2K、ハイパーカミオカンデは、200~600名程度の研究者で行っている国際プロジェクト


• 世界中の研究者がそれぞれ得意分野を持ち寄って、協力し大きなことを成し遂げるという面白さ


• 実験への貢献は、装置の製作・較正、解析手法の開発など多種多様


• それぞれの要素を見ると、大学院生1-2名で成り立っていたりする


• 大学院生一人の貢献が、実験全体に大きな影響をもたらす


• 並行して、小・中規模のプロジェクトもたくさんやっています！
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まとめ
• ニュートリノを用いた素粒子実験・宇宙観測軸に、様々な研究を行なっています


• ガドリニウムを加えた新生スーパーカミオカンデを用いた実験 

• 超新星背景ニュートリノの世界初観測


• ニュートリノ・反ニュートリノ非対称性の観測（T2Kビーム）


• ニュートリノ反応を理解するためのビーム実験 

• 新たな検出器開発


• ハイパーカミオカンデの精密較正の研究
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SK-Gd Project
Physic targets
• Precursor of nearby supernova by Si-burning neutrinos
• Improve pointing accuracy for galactic supernova
• First observation of Supernova Relic Neutrinos
• Others

• Reduce proton decay background
• Neutrino/anti-neutrino discrimination                    

(For T2K and atmospheric nubs analyses)
• Reactor neutrinos

2020.6.3 ugap2020 
4

(1996-2020) (2020- )

横山（将）研・中島研オープンラボ: 5/25（土）15:30-17:30（13:30頃からいます）

A2サブコース大学院入試ガイダンス: 5月28日（火）17:00～18:30 （対面+Zoom）

J-PARC現地見学会: 6/9（土）本郷キャンパス発着・無料

詳しくは: https://hep.phys.s.u-tokyo.ac.jp/openlab2024/

より詳しく話を聞きたい方、以下もぜひご参加ください


