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What’s ICRR?
Institution as an inter-university for various fundamental research 

on the universe and elementary particles using cosmic rays.
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The director is changed
In April 2022

宇宙線研究所の所長としては最長の14年間を務め、
2022 年 4月、中畑雅行新所長にバトンタッチした梶
田隆章前所長にお話を伺いました。

――梶田前所長は 2008 年から 14年間、宇宙線研究所の
所長を務められました。宇宙線研究所の所長としては最も
長い任期でした。退任にあたり一言お願い致します。
梶田前所長　宇宙線研究所の内外、そして東京大学の内外
の多くの皆様に支えられて、どうにか所長としての仕事を
終え、退任することとなりました。この場をお借りして皆
様に御礼申し上げます。本当にありがとうございました。

――どんな 14年間だったでしょうか。
梶田前所長　繰り返しになりますが、多くの皆様に支えら
れてなんとか仕事をこなしてきたという感じです。研究所
の皆さんが研究に専念できる環境を整えて研究を進めるこ
とと、大学の研究所として多くの次世代の研究者を育てる
ことの大切さを思いながら仕事をしてきました。しかし、
実際にできたことは限られていたように思います。

――在任中の 2015 年にはご自身がノーベル物理学賞を受
賞しました。宇宙線研究所の所長として仕事をしつつ、依
頼講演にも応じるなど多忙な日々が続いたのではないかと
思います。
梶田前所長　実際 2015 年の秋以降は本当に忙しくなって
しまい、それまで以上に皆様にいろいろと仕事をお願いし
ながらやっと職務をこなしたように思います。どうもあり
がとうございました。

――2016 年には宇宙線研究所若手支援基金を設立し、多
くの個人・団体に寄付をいただくことができました。

梶田前所長　近年日本で問題になっ
ている若い研究者の待遇を少しでも
良くしたいという思いで、この基金

を立ち上げました。多くの個人あるいは団体の皆様にご寄
付をいただき深く感謝しています。そのなかでも特に飛騨
市からはふるさと納税を利用して、毎年若手支援基金にご
寄付をいただいており、基金の安定的な財源として本当に
ありがたく思っています。

――2020 年春からは新型コロナウイルス感染症の影響を
受け、宇宙線研究所も一時は研究活動を制限せざるを得な
くなるなど、難しい局面もあったかと思います。
梶田前所長　この２年間は新型コロナウイルス感染症まん
延予防のため、今までとは違った形で研究所の運営を考え
る必要があり、難しさを感じていました。特に人と人との
接触が厳しく制限されるなか、研究所を活性化させるため
の有効な対策を打つことができず、無力感を感じていまし
た。一刻も早く現在のパンデミックが終息して、普通に人
と会って研究の話ができる日が再び来ることを祈っていま
す。

――今後についても一言お願い致します。
梶田前所長　私個人としては、所長として得難い経験を数
多くさせていただき、たいへん光栄に思っています。退任
後も宇宙線分野をはじめ学問の発展に少しでも貢献してい
きたいと考えています。

Features
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バトンタッチした梶田前所長
「多くの次世代の研究者を育てる
ことの大切さを思いながら・・・」

Interview

2015 年ノーベル物理学賞を受賞した直後、
柏キャンパスで歓迎を受ける梶田前所長

Prof. Kajita
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宇宙線研究所の新所長に中
なかはた

畑雅
まさゆき

行 教授

　宇宙線研究所の中畑雅行教授が 2022 年 4月 1日、宇宙線研究所の新
しい所長に就任しました。中畑教授は梶田隆章前所長と同じくニュートリ
ノ天文学の研究者としてよく知られ、2014 年から神岡宇宙素粒子研究施
設長を務め、その翌年からは宇宙線研究所副所長も兼務してきました。中
畑新所長に宇宙線研究所の成り立ちや現在の研究内容、さらに当面の課題
などについて伺いました。

1

「宇宙線研究にとって重要な
　科学的成果を出し続ける」

Interview
Prof. Nakahata
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Why I’m here?

• Join Kamioka group as a graduate student of 
ICRR, University of Tokyo. Got PhD in 1998, titled 
‘Study of Solar Neutrinos at Super-Kamiokande’ 

• Assistant professor in ICRR until 2013. 

• Joined Borexino experiment 2009-2013, as visiting 
scientist of Gran Sasso Lab. 

• Move to Okayama university in 2013, and continue 
Super-Kamiokande and Hyper-Kamiokande project.

Brief self introduction

Concentrate on neutrino physics in this talk



Brief introduction of 
Neutrino experiment 

in ICRR
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Neutrino experiment

� =
G2

F s

�
~(Eν[GeV])x10-38cm2

quite small cross section, 
e.g. a neutrino with 10MeV interacts 

after transverse 3x1021 cm in the water. 
(ref. 1 light year ~ 9.5x1017 cm)

Large size of detector is required, 
because the neutrino interaction with 

matter is very small cross section

Deep underground in order to 
remove cosmic ray.



Three generations of 
“Kamiokande”

Kamiokande 
(1983-1995)

3kton 
20% coverage 
with 20’ PMT

Super-Kamiokande 
(1996-)

Hyper-Kamiokande (~2027-)

260k (190k) ton 
20,000 high-QE 20’ PMTs

50k (22.5k) ton 
40% coverage 
with 20’ PMT

Kam-II  (11 evts.) 
IMB-3  (8 evts.) 
Baksan (5 evts.) 

24 events total 

1998 Takayama

SN1987A



Three generations of 
“Kamiokande”

Kamiokande 
(1983-1995)

3kton 
20% coverage 
with 20’ PMT

Super-Kamiokande 
(1996-)

Hyper-Kamiokande (~2027-)

SuperK-Gd 
(2020-)

50k (22.5k) ton 
40% coverage 
with 20’ PMT

260k (190k) ton 
20,000 high-QE 20’ PMTs
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Hyper-K 

SN ν @ G.C. 

Solar ν 

Atmospheric ν 

MeV GeV TeV 

J-PARC ν 

Relic SN ν 

Astrophysical ν 

ν from DM? 

Multi-purpose detector
Broad scientific program 
with wide energy range 

(MeV~TeV)

Not only neutrinos 
•Proton decay 
•Dark matter search 
•etc.

Super-K



Super-Kamiokande
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Super-Kamiokande collaboration

2022/06/02 Linyan WAN @ NEUTRINO 2022 4

INFN Bari, Italy
INFN Napoli, Italy
INFN Padova, Italy
INFN Roma, Italy
Kavli IPMU, The Univ. of Tokyo, Japan
Keio University, Japan
KEK, Japan
King's College London, UK
Kobe University, Japan
Kyoto University, Japan
University of Liverpool, UK
LLR, Ecole polytechnique, France
Miyagi University of Education, Japan
ISEE, Nagoya University, Japan
NCBJ, Poland
Okayama University, Japan
University of Oxford, UK

Kamioka Observatory, ICRR, Univ. of Tokyo, Japan
RCCN, ICRR, Univ. of Tokyo, Japan
University Autonoma Madrid, Spain
BC Institute of Technology, Canada
Boston University, USA
University of California, Irvine, USA
California State University, USA
Chonnam National University, Korea
Duke University, USA
Fukuoka Institute of Technology, Japan
Gifu University, Japan
GIST, Korea
University of Hawaii, USA
IBS, Korea
IFIRSE, Vietnam
Imperial College London, UK
ILANCE, France

Rutherford Appleton Laboratory, UK
Seoul National University, Korea
University of Sheffield, UK
Shizuoka University of Welfare, Japan
Sungkyunkwan University, Korea
Stony Brook University, USA
Tohoku University, Japan
Tokai University, Japan
The University of Tokyo, Japan
Tokyo Institute of Technology, Japan
Tokyo University of Science, japan
TRIUMF, Canada
Tsinghua University, China
University of Warsaw, Poland
Warwick University, UK
The University of Winnipeg, Canada
Yokohama National University, Japan

The Super-Kamiokande Collaboration

~230 collaborators 
from 51 institutes 
in 11 countries 
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Super-Kamiokande detector
41

.4
 m

39.3 m

50000 tons of 
Water Cherenkov detector

Neutrino

Charged 
particle

Cherenkov light

~1km

~3km ~2km
(2700 mwe)

Kamioka mine Japan

ID

OD
KAGRA

SuperK
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Super-Kamiokande detector
41

.4
 m

39.3 m

50000 tons of 
Water Cherenkov detector

Neutrino

Charged 
particle

Cherenkov light

~1km

~3km ~2km
(2700 mwe)

Phase Period # of PMTs Energy thr.
(MeV)

SK-I 1996.4 ~ 2001.7
11146 
(40%) 4.5

SK-II 2002.10 ~ 2005.10
5182 
(20%) 6.5

SK-III 2006.7 ~ 2008.8

11129 
(40%)

4.5
SK-IV 2008.9 ~ 2018.5 3.5
SK-V 2019.1 ~ 2020.8

On goingSK-VI 2020.8 ~ 2022.6

SK-VII 2022.6 ~

Kamioka mine Japan

ID

OD
(Kinetic energy)

Running and improvements over 25 years
just started!

New phase with Gadolinium in SK, name SK-Gd

(coverage)



Atmospheric neutrino
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Atmospheric neutrino oscillation

2022/06/02 Linyan WAN @ NEUTRINO 2022 6

Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
Ordering

Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷଶ

ଶ

• sinଶ𝜃ଶଷ

• 𝜈௘ appearance
• CP violation 𝛿
• Mass-ordering

Matter Effect

9Super-K Atmospheric n Analysis Samples 
Fully Contained (FC)

Par,ally Contained (PC)

 In total 19 analysis samples: mul�-GeV e-like samples are 

divided into n-like and n-like subsamples  

 Dominated by n
µ
->n

t
 oscilla�ons

 Interested in subdominant contribu�ons to this picture
� Ie three-:avor e>ects, Sterile Neutrinos, LIV, etc. 

Upward-going Muons (Up-µ) 

electron-like muon-like

First evidence of neutrino oscillation in 1998
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Super-Kamiokande
41

.4
 m

39.3 m

50000 tons of 
Water Cherenkov detector

Neutrino

Charged 
particle

Cherenkov light

ID

OD

as an atmospheric neutrino detector

• (quasi-)elastic scattering : ν + N → l + N’ 
• single meson production : ν + N → l + N’ + meson 
• deep inelastic interaction : ν + N → l + N’ + hadrons 
• coherent pion production : ν + 16O → l + 16O + π

Neutrino interactions in SK

䜲䝧䞁䝖䛾౛

y ൦಺ỉ̮ӭỆදॖٳ
y ή᣽ẦỤỺ἟ἽἀὊầยܭỂẨỦ
y PMTỉ଺᧓ऴإỆợụӒࣖໜầỪẦỦ

15

Muon 
or 

Electron

ν
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Atmospheric neutrino oscillation
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Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
Ordering

Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷଶ

ଶ

• sinଶ𝜃ଶଷ

• 𝜈௘ appearance
• CP violation 𝛿
• Mass-ordering

Matter Effect
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Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
Ordering

Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷଶ

ଶ

• sinଶ𝜃ଶଷ

• 𝜈௘ appearance
• CP violation 𝛿
• Mass-ordering

Matter Effect
Earth 
matter 
effect2022/06/02 Linyan WAN @ NEUTRINO 2022 6

Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
Ordering

Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷଶ

ଶ

• sinଶ𝜃ଶଷ

• 𝜈௘ appearance
• CP violation 𝛿
• Mass-ordering

Matter Effect

More precise measurements are required
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Oscillation Measurements (SK+T2K)

1020 bins ૛࣑ 𝐂𝐏ࢾ sin૛ࣂ૛૜ ઢܕ૛૜
૛

SK+T2K NO 1086.33 4.54 0.53 2.4 ൈ 10ିଷ eVଶ

SK+T2K IO 1095.25 4.71 0.53 2.4 ൈ 10ିଷ eVଶ

SK + external T2K 
constraints favor:

• maximal mixing
• େ୔ߜ ൎ െగ

ଶ
• NO (Δ߯ଶ ൌ 8.9)

*Results from both 
experiments exceed 
sensitivity.

Preliminary

Preliminary

Preliminary
sinଶߠଵଷ ൌ 0.0220 േ 0.0007

Latest results
Neutrino oscillation parameters (SK atmospheric + T2K)
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Sensitivity in Hyper-Kamiokande

Determination possible by ~5 years (sin2θ23=0.5) 

Band	for	CP	values
10years

6years

1years

Mass ordering



Solar neutrino
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Solar neutrinos
Nuclear fusion reaction 
deep inside the Sun

4p➔2He+2e++2νe
(~6.6x1010neutrinos/sec/cm2)

温度~15.5 millionK 
密度~146 g/cm3

Feature/Purpose of measurement

This reaction is actually realized 
through pp-chain / CNO cycle.

•Measurement of the current 
status in the center of the Sun. 

•Study of 
- the mechanism of energy 
generation in the Sun 
- the property of neutrinos

Core

radiative zone

convection zoneSun
+ thermal 

energy
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✓Find solar direction 
✓Realtime measurements 

- day-night flux differences 
- seasonal variation 
✓Energy spectrum

ν+ e- → ν+ e-Typical event 

ID

OD

neutrino-electron elastic scattering

Ee = 8.6 MeV (kin.) 
cosθsun = 0.95

Super-Kamiokande
as a solar neutrino detector
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✓Find solar direction 
✓Realtime measurements 

- day-night flux differences 
- seasonal variation 
✓Energy spectrum

ν+ e- → ν+ e-Typical event 

ID

OD

neutrino-electron elastic scattering

Super-Kamiokande
as a solar neutrino detector

䜲䝧䞁䝖䛾౛

y ൦಺ỉ̮ӭỆදॖٳ
y ή᣽ẦỤỺ἟ἽἀὊầยܭỂẨỦ
y PMTỉ଺᧓ऴإỆợụӒࣖໜầỪẦỦ

15
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SK data(Stat. only)

Systematic error

SK combined flux
Sun spot number

24

Yearly solar neutrino flux

SK-I
SK-II

SK-III

SK-IV

8B flux vs sun spot
No correlation with 11 years 
solar activity is observed

Solar neutrino rate measurement in SK is fully consistent 
with a constant solar neutrino flux emitted by the Sun

Prelim
inary
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Solar neutrino oscillation

sin2(O13)=0.0218±0.0007

sin2(O12)=0.305+0.013
 -0.012 6m2

21=(7.49+0.19
 -0.17) 10-5eV2

sin2(O12)=0.305±0.014 6m2
21=(6.10+1.04

 -0.75) 10-5eV2
sin2(O12)=0.316+0.034

 -0.026 6m2
21=(7.54+0.19

 -0.18) 10-5eV2

6
m

2 21
 in

 1
0-5

eV
2

2
4
6
8

10
12
14
16
18

2 4 6 8
1m 2m 3m

6r2sin2(e12)
0.1 0.2 0.3 0.4 0.5

2
4
6
8

1m

2m

3m

6
r2

1σ

2σ

3σ

4σ

5σ

Solar

KamLAND

combined

Tension

Prelim
inary

~1.5σ tension between solar global and KamLAND in Δm221 

�m2
21 = 7.54+0.19

�0.18

The unit of Δm221 is 10-5 eV2

sin2 ✓12 = 0.316+0.034
�0.026

�m2
21 = 7.49+0.19

�0.17
<latexit sha1_base64="OkqujHmXb6xTI4GRMhbZKLnWbDQ="></latexit>

sin2θ13=0.0219±0.0014

Δm2
21 = 6.10+1.04

−0.75

sin2 θ12 = 0.305 ± 0.014

sin2 θ12 = 0.305+0.013
−0.012
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Day/Night flux asymmetry

sin2(O12)=0.304±0.013 6m2
21=(7.44+0.20

 -0.19) 10-5eV2
sin2(O12)=0.310+0.014

 -0.015 6m2
21=(4.86+1.44

 -0.52) 10-5eV2
sin2(O12)=0.309+0.040

 -0.029 6m2
21=(7.49+0.21

 -0.19) 10-5eV2

6
m

2 21
 in

 e
V2 x10-5

1
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2 4 6 8
1m 2m 3m

6r2sin2(O12)
0.1 0.2 0.3 0.4 0.5

2
4
6
8
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2m
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6
r2

1%

2%

3%

4%
5%
10%

Expected 
(day-night)/((day+night)/2)

Regenerate νe by 
earth matter effect5

-1%

-2%
-3%
-4%

SK Phase
1 1.5 2 2.5 3 3.5 4

D
ay

 N
ig

ht
 a
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m

m
et

ry
 in

 %

8<

7<

6<

5<

4<

3<

2<

1<

0

SK-I SK-II SK-III SK-IV

Significance of D/N asymmetry:
3.2σ for Solar Best fit 
3.1σ for Global Best fit 
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Sensitivity in Hyper-Kamiokande

Year
0 2 4 6 8 10 12 14 16 18 20

Se
ns

iti
vi

ty
 (s

ig
m

a)

0

2

4

6

8

10 0.3 %

0.1 %

0.3 %

b/w zero D/N and Solar of Δm221
b/w Solar and KamLAND 
of Δm221

Day/Night flux asymmetry
Systematic error

Solar

KamLAND
~1.5σ Tension

Determination possible 
by ~5 years



Toward the next decade
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Supernova

H He CO FeONeMg
Si

M > 10M⊙

Neutron star 
Black hole

Supernova

Main sequence star evolution process
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Supernova neutrinos

H He CO FeONeMg
Si

Fe

M > 10M⊙ → Core collapse due to its gravity

Fe core PNS

ν

νν
Generate lots 
of neutrinos!

Proto-Neutron Star 
Shock wave

Explosion! 
Remain neutron star

couple of tens second minutes~hours

ν

M > 10M⊙Main sequence star evolution process
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35 years since SN1987A

No Supernova neutrino detection since then..

()���((��
"$&!%# ������

����������

��"$&!%#��
�����('''��/cm2!

�
�����	��

Prof. Koshiba 
Nobel prize in 2002

Large Magellanic cloud ~50kpc

✓Arrival from opposite 
side of the earth 

✓11 events were observed 
in 13 second. 

✓10 billions /cm2 
neutrinos went through 
the detector.

First observation by Kamiokande



No chance for Supernova neutrino 
detection for next hundred’s years?

We believe, yes!
Galactic Supernova burst 

(a few per century)
Diffuse Supernova 

Neutrino Background
Now

5 billion 

10 billion

13.8 billionBig Bang

Neutrinos from 
past SNe

years ago

years ago

years ago
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Super-K Gd / SK-Gd

Now

5 billion 

10 billion

13.8 billionBig Bang

Neutrinos from 
past SNe

years ago

years ago

years ago

For the first observation of DSNB 
(Diffuse Supernova Neutrino Background)

How to reduce atmospheric neutrino BG?
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Super-K Gd / SK-Gd
DSNB signal

Delayed coincidence

νe
p

n

e+

Gd

γ

Dissolve Gadolinium into Super-K 
J.Beacom and M.Vagins, 

 Phys.Rev.Lett.93(2004)171101

Atmospheric ν BG
νμ

O
μInvisible 

(< Cherenkov thr.)
decay e ~90% of neutrons are tagged 

in 0.2% Gd2(SO4)3 (0.1% Gd)
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Super-K Gd / SK-Gd
DSNB signal

Delayed coincidence

νe
p

n

e+

Gd

γ

Dissolve Gadolinium into Super-K 
J.Beacom and M.Vagins, 

 Phys.Rev.Lett.93(2004)171101

Atmospheric ν BG
νμ

O
μInvisible 

(< Cherenkov thr.)
decay e ~90% of neutrons are tagged 

in 0.2% Gd2(SO4)3 (0.1% Gd)
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Super-K Gd / SK-Gd
DSNB signal

Delayed coincidence

νe
p

n

e+

Gd

γ

Dissolve Gadolinium into Super-K 
J.Beacom and M.Vagins, 

 Phys.Rev.Lett.93(2004)171101
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(< Cherenkov thr.)
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Super-K tank refurbishment

• Stop water leak (~1ton/day) 
• Change bad PMTs 
• Install new water pipe for better 
water control 
• Cleaning

Seal whole welding lines

Change bad PMTs

Install new water pipe

(2018.6 ~ 12)
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Water leakage in SK
How about ~1ton/day
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Water leakage from SK tank
After filling the tank completely with water, we started the water 
leakage measurement from 11:30 on 31st January to 15:52 on 

7th February, 2019. (7 days 4 hours 22 minutes in total)

•  Currently we do not observe any water leakage from the SK tank within 
the accuracy of our measurement, which is less than 0.017 tons per day. 

•  This is less than 1/200th of the leak rate observed before the tank 
refurbishment.

SK

41.4m

how
 m

uch decrease?
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Water leakage from SK tank
After filling the tank completely with water, we started the water 
leakage measurement from 11:30 on 31st January to 15:52 on 

7th February, 2019. (7 days 4 hours 22 minutes in total)

•  Currently we do not observe any water leakage from the SK tank within 
the accuracy of our measurement, which is less than 0.017 tons per day. 

•  This is less than 1/200th of the leak rate observed before the tank 
refurbishment.
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Gadolinium loading (2020)
Water purification system13 tons of Gadolinium sulfate
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Gadolinium loading (2020)
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Gadolinium loading (2020)
Water purification system13 tons of Gadolinium sulfate

Students in my lab.
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Gadolinium loading (2020)

O

μ

n

Cherenkov light

Gadolinium

X

γ

~100μsec. 
delay

Cherenkov 
light

Confirm that the neutron signal was increased 
as Gd loading using cosmic ray muon data



What’s next? 
(just now)
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Additional Gadolinium loading
DSNB signal

νe
p n

e+

Gd

γ
Neutron 
detection 
efficiency 
 75%

50%

June 1st, 2022, the next phase of 
SK operations (SK-VII) began. 

At 10:26 a.m. JST, the continuous 
loading of another 26 tons of 
Gadolinium sulfate was started. 

The will bring the Gd concentration 
to 0.03% within July.

Loading Super-Kamiokande with Gadolinium (Next Step)
Starting yesterday, June 1st, 2022, the next phase of SK operations (SK-VII) began. 

At 10:26 a.m. JST, the continuous loading of another 26 tons of Gd2(SO4)3*8H2O 
was started.  This will bring the Gd concentration to 0.03% within July.

For an obscure rare earth element typically purchased by 
the gram, these two lots of ultra radiopure (paper in prep) 
gadolinium sulfate for SK, at 13 and 26 tons, are by far the 
largest orders of gadolinium in human history!
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Sensitivity of DSNB discovery
óƨȳʌǶʚǶ˙Ƕʚ˦ ɱɼɄȍƨƉʚǶɄȳࣘ ȳɄȭǶȳŗț ࡱ ৑ࣖࡹ eƕ ƉɄȳƉƨȳʚɼŗʚǶɄȳ

ɱɼƨțǶȭǶȳŗɼ˦

࢙

Expect 99.7% C.L. discovery 
at 10 years operation with 

the same condition

Effort of background 
reduction to increase the 
sensitivity, and hope to 

discover as soon as possible
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SK-Gd (BH 30%)

JUNO (BH 30%)

ਤ 107: ϋΠύʔΧϛΦΧϯσʢ੺ʣɺSK-Gdʢփ৭ʣɺ JUNOʢࢵʣͰ͖ىΔ௒৽੕എܠ
χϡʔτϦϊࣄ৅ͷੵࢉ਺Λɺԣ࣠Λ੢ྐྵͱͯࣔ͢͠ [4, 5, 6, 7]ɻ͜͜Ͱ͸ɺ֤ݕग़ثͷ༗
ޮ࣭ྔͱղੳΤωϧΪʔྖҬͷΈΛྀͨ͠ߟʢ4.6અ಺ɺද 6ʣɻ௒৽੕಺ͷχϡʔτϦϊͷ
Թ౓ Teff ͸ɺ6MeVͱԾఆͨ͠ɻ࣮ઢ͸͢΂ͯͷ௒৽੕രൃ͕Թ౓ Teff ʹରԠ͢ΔΤω
ϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ৔߹ɺ఺ઢ͸ͦͷ಺ 30%͕ϒϥοΫϗʔϧΛੜ੒͠ɺΑΓ
ΤωϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ৔߹ͷ༧ଌΛࣔ͢ɻ͍ߴ

χϡʔτϦϊఱจֶʹ͓͍ͯ΋ɺϋΠύʔΧϛΦΧϯσ͸େ͖͘͜ͷ෼໺ΛݗҾͰ͖Δɻ

ਤ 107ʹɺ֤࣮ݧͰͷ༗ޮମੵ಺Ͱ͖ىΔ௒৽੕എܠχϡʔτϦϊࣄ৅ͷੵࢉ਺Λɺԣ࣠

Λ੢ྐྵͱͯࣔ͢͠ɻJUNO࣮ݧͷ؍ଌ։࢝Λ 2020೥ͱԾఆͯ͠ൺֱ͍ͯ͠Δɻݧ࣮ߦݱͰ

͋ΔεʔύʔΧϛΦΧϯσ͸ɺݕग़ثʹΨυϦχ΢ϜΛ༹ղ͢Δ͜ͱͰ௒৽੕എܠχϡʔτ

Ϧϊͷॳ؍ଌΛ໨͢ࢦվྑܭըΛਐΊ͍ͯΔʢSK-GdܭըʣɻSK-GdͰ௒৽੕എܠχϡʔ

τϦϊͷൃݟΛ੒͠਱͛ɺதஅͳ͘ϋΠύʔΧϛΦΧϯσʹΑΔ؍ଌʹͭͳ͛ɺͦͷେ࣭ྔ

Λੜ͔ͯ͠௒৽੕എܠχϡʔτϦϊͷϑϥοΫεͷਫ਼ີଌఆ΍εϖΫτϧଌఆΛ࣮͢ݱΔͷ

͕ɺ͜ͷ෼໺Ͱ΋զ͕ੈ͕ࠃքΛϦʔυ͠ଓ͚ΔͨΊͷຊܭըͷઓུͰ͋Δɻ4.3અͰड़΂

ͨ௨ΓɺϋΠύʔΧϛΦΧϯσʹΑΔ௒৽੕എܠχϡʔτϦϊͷ؍ଌ͸ɺ੕΍ϒϥοΫϗʔ

ϧܗ੒ͷྺ࢙ͷղ໌ͳͲɺଞͰ͸Ͱ͖ͳ͍·ͬͨ͘৽͍͠Ӊ஦ɺఱମڀݚͷ൶Λ։͘΋ͷͰ

͋Δɻ

௒৽੕രൃ͕ۜՏܥ಺΍ۙ๣ͷۜՏͰͨͬ͜ى৔߹ɺϋΠύʔΧϛΦΧϯσ͸ɺ͔ͦ͜Β

์ग़͞ΕΔ௒৽੕രൃχϡʔτϦϊͷྔ΍ΤωϧΪʔͷ͔ࡉͳؒ࣌มԽΛେ౷ྔܭͰৄࡉʹ

ଌ͠ɺ௒৽੕രൃͷϝΧχζϜͷղ໌ʹഭΔ͜ͱ͕Ͱ͖Δɻ·ͨɺͦͷੑೳΛੜ͔ͯ͠؍

165

48

expected number of events
(detection efficiency is not considered)

Diffuse Supernova Neutrino Background



Hyper-Kamiokande



ERICE: 16 June 2022
50

Hyper-Kamiokande

60m

74m

Next generation of large water Cherenkov detector 
(2027 - )

•188 kton Fiducial volume : 
8.4 x Super-K 

• ~500 researchers from 20 
countries 

• ~20000 PMTs, twice higher 
efficiency than SK.  Now 
delivering and QA at Kamioka



A birds-eye view of the Hyper-K site

2

SK

HK

1000m

650m

Wasabo

Mt. Nijyugo-yama

Maruyama

Excavated rock
disposal site

Tunnel
Entrance

Kamioka town

Route 41

N

Funatsu
Bridge

Mt. Ikeno-yama
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Project status and plan
20272026202520242023202220212020

PMT produc<on

Project Status

2020 2021 2022 2023 2024 2025 2026 2027

MOU signed, May 2020

Ground-breaking May 2021

Access tunnel complete, Feb 2022

Approach and Peripheral 
tunnels, Summer 2022

Cavern Excava<on

Tank 
Construction

Installa<on

Water 
filling

Operation 
starts 2027
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PMT production

Cavern Excavation

MoU signed, May 2020

Ground-breaking, May 2021

Access tunnel complete, Feb 2022
PMT produc<on
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Approach and peripheral 
tunnels, Summer 2022

Tank construction

PMT installation

Water filling

PMT produc<on
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Operation 
starts!



Stay tuned from ICRR

Thank you for your attention!


