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Hyper-Kamiokande was approved!
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Construction started from early 2020

Start operation from JFY2027

Budget for large scale science projects, MEXT (funding agency)Announcement from UTokyo, KEK, and J-PARC



KamiokaNDE experiments
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NDE = Nucleon Decay Experiment, or Neutrino Detection Experiment

KamiokaNDE

3kton

Super-KamiokaNDE

22.5kton fiducial

Hyper-KamiokaNDE

190kton fiducial



Water Cherenkov detector
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Particle detection/reconstruction using Cherenkov rings

Measurement of energy, direction, vertex from ring patterns

Particle identification (<1% misidentification probability for e/µ)

4π uniform coverage with real time information

Wide energy range: ~3MeV to 100GeV-TeV (SK)


Scalable to larger mass, well established technology

Photomultiplier tube

Neutrino

Interaction

Ultra-pure water Inner wall of detector

Cherenkov light

Charged
particle

µ-like (sharp ring) e-like (fuzzy ring)



Super-Kamiokande
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World-leading discoveries over >20 years 
…and, still evolving!

• 50-kton water Cherenkov detector located at Kamioka, Japan


• Overburden: 2700 mwe


• Inner Detector covered by > 11000 20-inch PMTs


• Studying neutrinos from wide variety of sources


• Solar neutrinos 


• Supernova neutrinos 


• Atmospheric/Accelerator neutrinos


• Operational since 1996,  transitioning to SK-Gd

Super-Kamiokande

3

41
.4

 m

39.3 m

~ MeV

~ GeV

39m

41
.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%
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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%

1998: Discovery of atmospheric ν oscillation 
2001: Discovery of solar ν flavor change (with SNO)

2004: Accelerator ν oscillation evidence by K2K

2011: Discovery of νe appearance by T2K 
2012: ντ appearance in atmospheric ν

2014: Indication of day/night effect in solar ν



Preparation work for upgrade in 2018-19
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SK detector preparation
• Major refurbishment work 2018-2019:


• Stopped water leak: < 1/200 of before (~1 m3/d)


• Many other improvements and cleaning


• SK-V operation (2019-): 


• The new Gd-water purification system tested 
with the real SK detector


• Successfully kept water transparency at       
a level similar to previous phases


• Water flow tuning: Suppressed convection 
and expanded low-background region

7

SK-4 SK-5
Event rate at 3.5-4.0 MeV



SK-Gd has started!
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New water system 
for Gd-doped water

Gd2(SO4)3•8H2O

13 ton was dissolved

(0.01% Gd,


 50% n-capture eff.)

Introduced Gd-doped water from bottom July 14-August 17, 2020

making 0.3°C temperature difference

Rich physics program by much improved neutron tagging

ex. Observation of relic supernova neutrinos

Extends capability even after >20 years of operation

Great potential of water Cherenkov detector



From Super-K to Hyper-K
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KamiokaNDE

3kton

Super-KamiokaNDE

22.5kton fiducial

Hyper-KamiokaNDE

190kton fiducial



Hyper-Kamiokande Project
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1. Hyper-K detector to be built with 8.4 times larger fiducial mass (190 kiloton) than Super-K  
and to be instrumented with double-sensitivity PMTs. 

2. J-PARC neutrino beam to be upgraded from 0.5 to 1.3 Mega Watt 
- x8 Natural Neutrino Rate and x20 Accelerator Neutrino Rate 

3. New and upgraded near detectors to control systematic errors

295 km

~0.6GeV neutrinos

Double-
sensitivity PMTs

High	power	proton	beams	
J-PARC	

(hosted	by	KEK)

Hyper-Kamiokande	
(hosted	by	The	University	of	Tokyo)

Long baseline experiment and non-accelerator physics in a single project



Broad science program with Hyper-K
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Neutrino oscillation physics

Comprehensive study with  
beam and atmospheric neutrinos


Search for nucleon decay 

Possible discovery with ~×10 better sensitivity than Super-K


Neutrino astrophysics

Precision measurements of solar ν

High statistics measurements of SN burst ν

Detection and study of relic SN neutrinos


Geophysics (neutrino oscillography of interior of the Earth)

Maybe more (unexpected!?)

~3.5MeV ~20 ~100MeV ~1GeV TeV
Solar

Supernova

Accelerator

Proton decay

DM search

Atmospheric

MeV to TeV with 

a single detector

Supernova

Sun

J-PARC

proton decay



The Hyper-Kamiokande detector
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~8km south of Super-Kamiokande 260kton total water mass

190kton fiducial mass

68m

71m



NOT just a larger version
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4 I INTRODUCTION

40,000 20-inch PMT
assumed in HK Design Report

20,000 + ? 20-inch PMT
HQE Box & Line and/or MCP PMT

? mPMT
(19 x 3-inch PMT)

+ +

FIG. 1. Conceptual drawing of photosensor configuration in Hyper-Kamiokande.

I. INTRODUCTION34

In the Design Report, physics performances with 40,000 of 20 inch PMT are described. This35

corresponds 40% photo-cathode coverage on the inner surface of the inner detector. This value is36

the same as that of the Super-Kamiokande detector (40% photo-cathode coverage with ⇠11,00037

of 20 inch PMTs), while as the photon detection e�ciency of the new HK PMT is a factor two38

better than that of SK PMT, twice more hits or number of photo-electrons (p.e.) are expected in39

Hyper-Kamiokande for the charged particles with the same energies.40

In addition to the new 20 inch PMT from Hamamatsu, use of two di↵erent types of photosensors41

are currently considered in Hyper-Kamiokande. One is 20 inch PMTs (called MCP PMT in this42

document) by North Night Vision Technology (NNVT) in China, and the other is Multi-PMT43

modules, which diameter is 20 inch in total but the module consists of 19 of 3 inch PMTs.44

This document describe the prospects of physics capabilities with di↵erent configurations of45

the photosensors, either with single type of photosensors or combination of two or three types of46

photosensors (quoted as ”hybrid option”) as shown in Fig 1. Configuration with 20,000 of 20 inch47

PMTs is considered as the minimal setup, and referred to as the benchmark in comparisons.48

Hamamatsu R12860

Newly developed for HK

Box&Line dynode

×2 better photodetection efficiency (QE×CE)

×2 better timing resolution

×2 better charge resolution

×2 better pressure tolerance

→ enable taller tank, 
design optimization

50 cm Box&Line PMT

'20/9/18 Overview of ID Photosensors (Nishimura) 42
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(Performance in SK tank, 1.7e7 gain)

All PMTs will be tested >0.85MPa 

3Hyper-Kamiokande photo-detectors

➢ Baseline configuration: 40k 20” PMTs for Inner Detector
see presentation by B. Quilain for alternative option using mPMT
and presentation by S. Zsoldos for Outer Detector 

➢ Primary candidate: Hamamatsu R12860
Also considering MCP-based PMTs from NNVT

Super-K PMT
Hamamatsu R3600

Hamamatsu R12860

Venetian blind dynode

Box and line dynode
+ high QE

Low dark rate (4kHz) and RI



Improvement by the new PMT
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K+ (340MeV/c) is below Cherenkov threshold

K+→μ+ν (64%) : 236MeV/c μ+ can be detected (with decay-e)

Suppress background by tagging a 6MeV γ from nuclear de-excitation

γ and μ signal separated by τK+~12ns

Better separation with better timing resolution  
                                        → better efficiency (SK4: 9.1% → HK: 12.7%)

Example: p→νK̅+, K+→μ+ν

Ƭ

Ƭ

Proton

Oxygen

K+

μ+: 236 MeV/c

Ƣ
τ~12ns

0

5

10

15

20

25

30

35

40

45

50

0 200 400 600

γ

e

μ Proton decay MC

N
u

m
b

e
r 

o
f 
h

its

0

5

10

15

20

25

30

35

40

-50 -25 0 25 50

 T-TOF (nsec)

N
u

m
b

e
r 

o
f 
h

its

tµ  

t0  

tγ  

0

1

2

3

4

5

6

7

8

9

0 20 40

Slope: 11.4+1.0-0.8  ns

K+ decay time (nsec)

N
um

be
r o

f e
ve

nt
s

Dot: Signal+BG
Histogram: BG 

γ-µ time difference



Finding evidence of GUT
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!(p"!K+)~
tan2 "#mp

5

M !q
2#M3

2
 

! 

"(p#e+$0)~
g4mp

5

MX
4  

%(p#e+$0)= 3.7&1029±0.7  years

• Only way to directly prove GUT

※Searches for other modes are also important

• Two major modes predicted by many models

Motivation of Nucleon Decay Searches

• We need to pursue both decay modes for discovery, 
given the variety of predictions

5
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1
2
3

~1016GeV

Two modes as benchmark

Of course, other possible modes are also important

Chapter 6: GeV-Scale Non-accelerator Physics Program 6–192

argon time-projection chamber (LArTPC) technology implemented for the Deep Underground
Neutrino Experiment (DUNE) far detector (FD) will exploit a number of complementary signatures
for a broad range of nucleon decay channels. Should nucleon decay rates lie just beyond current
limits, observation of even one or two candidate events with negligible background could constitute
compelling evidence.

In the DUNE era, possibly two other large detectors, Hyper–Kamiokande [36] and JUNO [38]
will be conducting nucleon decay searches. Should a signal be observed in any single experi-
ment, confirmation from experiments using di�erent detector technologies, and therefore di�erent
backgrounds, would be very powerful.

As mentioned above, the GUT models present two benchmark decay modes, p æ e+fi0 and p æ

K+‹. The decay p æ e+fi0 arises from gauge boson mediation and is often predicted to have the
higher branching fraction of the two key modes. In this mode, the total mass of the proton is
converted into the electromagnetic shower energy of the positron and two photons from fi0 decay
with a net momentum vector near zero. The second key mode is p æ K+‹. This mode is dominant
in most supersymmetric GUT models, many of which also favor other modes involving kaons in the
final state [207]. Although significant attention will focus on these benchmark modes, the nucleon
decay program at DUNE will be a broad e�ort, covering many possible decay channels.

Figure 6.1: Summary of nucleon decay experimental lifetime limits from past or currently running
experiments for several modes and a set of model predictions for the lifetimes in the two benchmark
modes. The limits shown are 90% confidence level (CL) lower limits on the partial lifetimes, ·/B,
where · is the total mean life and B is the branching fraction. Updated from [34].

DUNE Physics The DUNE Technical Design Report

Nucleon decay!



Sensitivity to proton decay
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Year  
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Neutrino oscillation measurements
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Origin of tiny mass

Why mass is much smaller than other fermions?


Large mixing parameters

Why so different from quarks?

Symmetry behind the pattern?


Mass hierarchy (ordering) 
Which is the heaviest?


CP violation

Is it violated just as in quarks? 

Or new source exists?


Extra neutrino families?

We learned a lot about neutrinos through neutrino oscillation,

     but many questions emerged and remains

Properties of neutrino are considered to be connected with fundamental questions
Source of baryon asymmetry of Universe?

Very high scale physics? (seesaw?)

Origin of generations?
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CP asymmetry measurement
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large  
difference 

if CPV

Comparison of P(νμ → νe) vs. P(νμ̅ → νe̅)

T2K reports a hint of CP asymmetry, but some tension with NOvA


Number of candidate (νe+νe̅) events ~100 for both experiments

Plan to collect more data as well as combined analysis

(See talk by T.Nakaya)

• Is CP violating (δCP~270°) or not (δCP~180°) in neutrinos? 

• T2K is pointing to δCP~270° and NOvA is to δCP~180° 

• Need more statistics!  

• Both NOvA and T2K plan to collect more data with the upgrades.

T2K and NOvA
CP violation
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Comparison to T2K

• Clear	tension	with	T2K’s	preferred	region.
• Quantifying	consistency	requires	a	joint	iit	of	the	data	from	
the	two	experiments,	which	is	already	in	the	works.
– Semi-annual	workshops,	regular	joint	group	meetings,	and	a	
signed	joint	agreement.
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Neutrino oscillation measurements in HK
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Expect ~2000 candidate events for each of νe and νe̅

Definite measurement of CP asymmetry


~10,000 events for νμ/νμ̅

Precision measurements of oscillation parameters

Consistency check with other measurements

θ13 from reactor experiments

Δm2 from reactor experiments


Another way to determine mass ordering

Different baseline/energy with NOvA and DUNE

Figure 3-4: Expected accuracy for sin2 θ12, ∆m2
21 and ∆m2

ee after 6 years of running at JUNO
(i.e., O(100 k) events). The solid curves are obtained with all other oscillation parameters fixed,
while the parameters are set free for the dashed curves.
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J-PARC power upgrade
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Shorter cycle 
2.48s → 1.32s → 1.16s

New power supply

High gradient RF cavity

Collimator improvement

Rapid cycle pulse magnet for 
injection/extraction


More protons / pulse 
Improve RF Power

More RF Systems

Stabilize the beam with feedback


Beamline upgrade to handle high 
power beam


Together with operation for T2K

SKHK

J-PARC beamline designed to  
realize the same off-axis angle 

for SK and HK Power upgrade plan

500kW → 750kW → 1.3MW



Drift volume

Flange

Module frame

MicroMegas structure

Near and intermediate detectors
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~50m

1.0°

4.0°

2 . 5°
Linear sum to make 
monochromatic energy Reconstruction

Physics target
• -int. measurement by off-axis scanning
•  cross section (3-5% for , 

 )

• NC and intrinsic  BG measurement (3-4%)

• Neutron multiplicity with Gd loading

𝜈
𝜈𝑒 𝜎(𝜈𝑒)/𝜎(𝜈𝜇)
𝜎(𝜈𝑒)/𝜎(𝜈𝜇)

𝜈𝑒

Intermediate Water Cherenkov Detector (IWCD)

IWCD simulation• 1kton scale water Cherenkov detector at  
1km baseline

• Detector can move vertically → 
measurement at different off-axis angles 

~

Near detector complex

1.5m 

~10m 

~10m 

X 

Y 
Designed 
beam center 

Z 

INGRID on-axis detector

ND280 off-axis detector
Further upgrade for HK


(to be discussed)

SFGD cube/layer production update

15.09.2020 M. Khabibullin. SFGD cube/layer production update. SFGD 
meeting 1

M. Khabibullin for INR group 

SuperFGD

Upgrade for T2K

(2022)

TPCs

@INR



Neutrino astrophysics
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 at 10kpc~70k ν′ 𝑠Modulation induced by SASI
statistical fluctuation in HK

SN direction
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Unique role in multi-messenger observation 


Solar neutrinos: up-turn at vacuum-MSW transition, Day/Night asymmetry, hep neutrino observation 

Supernova burst neutrino: explosion mechanism, BH/NS formation, alert with ~1º pointing

Supernova Relic Neutrino (SRN): stellar collapse, nucleosynthesis and history of the universe
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Project status



Construction has started
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Detailed geological survey

Preparation of entrance of the access tunnel

Detailed design of tunnel and cavern

Production of PMT starts

Power upgrade of J-PARC accelerator and neutrino 
beamline

Investigation of near and intermediate detectors

Progress of construction (1/2)

Aug. 20 2020

Tunnel
entrance

Yard

2020 Apr. 4 May 12 May 30

Jun. 24 Jul. 16 Aug. 13

Construction of entrance yard 
in Wasabo was completed.

SK

HK

1000 m

600 m

Tunnel
Entrance

Kamioka town

Route 41

NMt. Ikeno-yama

Access tunnel
(~2km)

Mt. Nijyugo-yama

Wasabo

Maruyama

8

New Power supply for J-PARC MR



Hosts and organization
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Host institutions：The Univ. of Tokyo and KEK


Signed a MoU to promote the HK project (May 2020).

UT launched Next-generation Neutrino Science 
Organization (NNSO) (Oct. 2017).


Project management organization is defied


First meeting of Project Advisory Committee (PAC) was 
just held in September 2020


Chair: Toshinori Mori (ICEPP)

10 members (8 from outside Japan)


Other organizations are also being formed

Organization structure

25th of May 2020 UT and KEK signed MoU

Makoto 
Gonokami
(UT)
Construction 
and 
operation of 
the Hyper-K.

Masanori 
Yamauchi 
(KEK)
Upgrade and 
operation of 
the J-PARC 
accelerator.

UT 䠧䠡䠧
ICRR

School of Science, IPMU, ERI IPNS

Financial Oversight Panel

Promotion office
HK detector, Computing,

Accelerator, Beam, ND complex,
Administration office

Promotion Council

Hyper-Kamiokande project promotion system

MoU

Project Advisory Committee

Hyper-K
collaboration 
participate 
construction 
and operation

z Core Institutes: UT and KEK
z UT and KEK signed a MoU to promote the 

Hyper-Kamiokande international project 
(May 2020).

z UT launched Next-generation Neutrino 
Science Organization (NNSO) (Oct. 2017)

z Promotion Council
z Contact and consultation with both 

institutions.
z Project Advisory Committee

z Review and evaluation of research 
promotion plan and physical results for the 
project.

z Financial Oversight Panel
z Agreement on guidelines for sharing by 

participating countries (funding agencies, 
etc.) and monitoring of resources.

z Promotion office
z Consisting of researchers, technicians, and 

administrative officer. 
3

HK collaboration 
joins the 
construction, 
commissioning, 
and operation

UT	 ＫＥＫ	

Project	Advisory	Committee

ICRR	
School	of	Science,	IPMU,	
Earthquake	Research	Inst. IPNS

Financial	Oversight	Panel

Promotion	Office	
HK	detector,	computing,	J-PARC,	beam,	

Near	Detectors,	Administration

Promotion	Council

MoU



Hyper-Kamiokande Collaboration
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Transition from “proto-collaboration” to the full collaboration

Collaboration Agreement

Formed Institutional Board and selected Chair (Emilio Radicioni, INFN)

Election of Spokespersons, Executive Board, … this year

Definition of Construction Working Group and leaders

19 countries, 93 institutions, ~430 people
(1 year ago: 17 countries, ~300 people)The last “Proto-Collaboration” Meeting, Feb. 2020

Europe: ~240 Asia: ~140 Americas: ~50
(Japan: ~110)



International effort for HK construction
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Materials: Another Candidate
• Yury has suggested a new reflective material, 3M DF2000MA.

• ~99% of reflectivity was confirmed with Tohoku Univ.’s measurement system.
• Used by GERDA and XENON1T water Cherenkov muon veto.
• These products are in accelerated aging test.

8

ϯM™ Specular Film DFϮϬϬϬMA 

2 

3M� SpecXlaU Film DF2000MA iV a multilayer  polymeric film with specular reflection  
with greater than 99% photopic reflectivity. This is metalfree, noncorroding and non-
conducting product. 

Parameters from datasheet: 
 
Total thickness (including liners 
and adhesive layer): 206 μm 
 
Thickness of the film: 66 μm 
 

UV absorber

Light collector R&D
(Russia & Japan)



Project timeline
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Conclusions
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Hyper-Kamiokande is the next generation water Cherenkov 
detector with a very broad science capability 

Based on the success of Kamiokande and Super-Kamiokande

Proton decay (>1035 years), neutrino oscillation, neutrino 
astrophysics, …


Project was approved in 2020 and construction has started 
International collaboration is working together for the start of 
experiment in 2027


