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Hyper-Kamiokande
Water Cherenkov detectors in Kamioka
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Kamiokande 
3 kt mass

Super-Kamiokande 
22.5 kt fiducial mass

Hyper-Kamiokande 
190 kt fiducial mass

Super-Kamiokande 
22.5 kt fiducial mass
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Top of the Detector Cavern 
(14th March 2023)

40 m (D)

Top of the Detector Cavern
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Current Status



Why Neutrinos?

4 by S. Gollapinni @ICHEP2020

They are always around us and mysterious!

• Tν=1.95 K 
• #Nν=112×3 cm-3

• Overwhelming number of sources, wide range of energies 
• Need wide spectrum of experiments and technologies!

Credit: G. Zeller

Neutrinos Span Multiple Fields!

• Particle Physics

• AstroPhysics

• Cosmology

• High energy Astro-
particle physics

• Nuclear physics
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Neutrino Oscillations
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• CP violation 
• Mass ordering (NO or IO)

• Precision 

• θ23 octant (<=>45°?)

Current major targets
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Large θ13 opens the window to study CPV
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of which are shown in Table III. From the best fit we obtain
a contribution from 9Li reduced by !19% and with an
uncertainty decreased from 52% to 26%. The fast neutron
value is decreased by 5% with almost unchanged
uncertainty.

Figure 4 shows the measured positron spectrum super-
imposed on the expected spectra for the no-oscillation
hypothesis and for the best fit (including fitted
backgrounds).

Combining our result with the T2K [11] and MINOS
[12] measurements leads to 0:003< sin22!13 < 0:219 at
the 3" level.

In summary, Double Chooz has searched for !#e disap-
pearance by using a 10 m3 detector located 1050 m from
two reactors. A total of 4121 events were observed where
4344" 165 were expected for no oscillation, with a signal
to background ratio of # 11:1. In the context of neutrino
oscillations, this deficit leads to sin22!13 ¼ 0:086"
0:041ðstatÞ " 0:030ðsystÞ, based on an analysis using rate

and energy spectrum information. The no-oscillation hy-
pothesis is ruled out at the 94.6% C.L. Double Chooz
continues to run, to reduce statistical and background
systematic uncertainties. A near detector will soon lead
to reduced reactor and detector systematic uncertainties
and to an estimated 1" precision on sin22!13 of !0:02.
We thank all the technical and administrative people

who helped build the experiment and the CCIN2P3 com-
puter center for their help and availability. We thank, for
their participation, the French electricity company EDF,
the European fund FEDER, the Région de Champagne
Ardenne, the Département des Ardennes, and the
Communauté des Communes Rives de Meuse. We ac-
knowledge the support of CEA and CNRS/IN2P3 in
France, MEXT and JSPS of Japan, the Department of
Energy and the National Science Foundation of the
United States, the Ministerio de Ciencia e Innovación
(MICINN) of Spain, the Max Planck Gesellschaft and the
Deutsche Forschungsgemeinschaft DFG (SBH WI 2152),
the Transregional Collaborative Research Center TR27,
the Excellence Cluster ‘‘Origin and Structure of the
Universe’’ and the Maier-Leibnitz-Laboratorium
Garching, the Russian Academy of Science, the
Kurchatov Institute and RFBR (the Russian Foundation
for Basic Research), the Brazilian Ministry of Science,
Technology and Innovation (MCTI), the Financiadora de
Estudos e Projetos (FINEP), the Conselho Nacional de
Desenvolvimento Cientı́fico e Tecnológico (CNPq), the
São Paulo Research Foundation (FAPESP), and the
Brazilian Network for High Energy Physics (RENAFAE)
in Brazil.
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TABLE III. Summary of the effect of a pulls term approach on
the fast neutron and 9Li backgrounds and on the energy scale.
Uncertainty values are in parentheses.

Fast n. bkg (%) 9Li (%) EScale (value)

Rate only 100 (46) 100 (52) 0.997 (0.007)
Rateþ shape 95.2 (38) 81.5 (25.5) 0.998 (0.005)
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FIG. 4 (color online). Top: Expected prompt energy spectra,
including backgrounds, for the no-oscillation case and for the
best fit sin22!13, superimposed on the measured spectrum. Inset:
Stacked histogram of backgrounds. Bottom: Difference between
data and the no-oscillation spectrum (data points) and difference
between the best fit and no-oscillation expectations (curve).
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The value of sin22!13 was determined with a "2 con-
structed with pull terms accounting for the correlation of
the systematic errors [28],

"2 ¼
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whereMd are the measured IBD events of the dth AD with
backgrounds subtracted, Bd is the corresponding back-
ground, Td is the prediction from neutrino flux, MC, and
neutrino oscillations [29], !d

r is the fraction of IBD con-
tribution of the rth reactor to the dth AD determined by
baselines and reactor fluxes. The uncertainties are listed in
Table III. The uncorrelated reactor uncertainty is %r

(0.8%), %d (0.2%) is the uncorrelated detection uncer-
tainty, and %B is the background uncertainty listed in
Table II. The corresponding pull parameters are
(#r,"d,$d). The detector- and reactor-related correlated
uncertainties were not included in the analysis; the abso-
lute normalization " was determined from the fit to the
data. The best-fit value is

sin 22!13 ¼ 0:092( 0:016ðstat:Þ ( 0:005ðsyst:Þ;

with a "2=NDF of 4:26=4 (where NDF is the number of
degrees of freedom). All best estimates of pull parameters
are within its 1 standard deviation based on the correspond-

ing systematic uncertainties. The no-oscillation hypothesis
is excluded at 5.2 standard deviations.
The accidental backgrounds were uncorrelated while the

Am-C and (#,n) backgrounds were correlated among ADs.
The fast-neutron and 9Li–8He backgrounds were site-wide
correlated. In the worst case where they were correlated in
the same hall and uncorrelated among different halls, we
found the best-fit value unchanged while the systematic
uncertainty increased by 0.001.
Figure 4 shows the measured numbers of events in each

detector, relative to those expected assuming no oscilla-
tion. The 6.0% rate deficit is obvious for EH3 in compari-
son with the other EHs, providing clear evidence of a
nonzero !13. The oscillation survival probability at the
best-fit values is given by the smooth curve. The "2 versus
sin22!13 is shown in the inset.
The observed !&e spectrum in the far hall is compared to a

prediction based on the near-hall measurements in Fig. 5.
The disagreement of the spectra provides further evidence
of neutrino oscillation. The ratio of the spectra is consistent
with the best-fit oscillation solution of sin22!13 ¼ 0:092
obtained from the rate-only analysis [31].
In summary, with a 43 000 ton–GWth–day live-time ex-

posure, 10 416 reactor antineutrinos were observed at the
far hall. Comparing with the prediction based on
the near-hall measurements, a deficit of 6.0% was
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FIG. 4 (color online). Ratio of measured versus expected sig-
nal in each detector, assuming no oscillation. The error bar is the
uncorrelated uncertainty of each AD, including statistical,
detector-related, and background-related uncertainties. The ex-
pected signal is corrected with the best-fit normalization parame-
ter. Reactor and survey data were used to compute the flux-
weighted average baselines. The oscillation survival probability
at the best-fit value is given by the smooth curve. The AD4 and
AD6 data points are displaced by #30 and þ30 m for visual
clarity. The "2 versus sin22!13 is shown in the inset.
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FIG. 5 (color online). Top: Measured prompt-energy spectrum
of the far hall (sum of three ADs) compared with the no-
oscillation prediction from the measurements of the two near
halls. Spectra were background subtracted. Uncertainties are
statistical only. Bottom: The ratio of measured and predicted
no-oscillation spectra. The solid curve is the best-fit solution
with sin22!13 ¼ 0:092 obtained from the rate-only analysis. The
dashed line is the no-oscillation prediction.

PRL 108, 171803 (2012) P HY S I CA L R EV I EW LE T T E R S
week ending

27 APRIL 2012

171803-6

IBD Prompt Spectra

2000

4000

6000

8000

10000

12000

0.85
0.9

0.95
1

1.05
1.1

1

10

210

310

410

Prompt Reconstructed Energy [MeV]
2 4 6 8 10 12

Far Hall

E
v
e
n
ts

 /
 1

 M
e
V

P
re

d
ic

ti
o
n

D
a
ta

 -
 B

a
c
k
g
ro

u
n
d

Prompt Reconstructed Energy [MeV]
2 4 6 8 10 12

E
v
e
n
ts

 /
 1

M
e
V

17 / 22

2012 2013

T2K
νe

T2K
νe

T2K
νe

Double Chooz
anti-νe

Daya Bay
anti-νe

Daya Bay
anti-νe

2011



7

4 | Nature | www.nature.com

Article

these have been incorporated in the analysis through an additional 
error of 3.9 × 10−5 eV2/c4 on the m∆ 32

2  interval. More details of the sys-
tematic uncertainties on neutrino interaction modelling can be found 
in the Methods.

The observed number of events at SK can be seen in Fig. 1. The prob-
ability of observing an excess over prediction in one of our five samples 
at least as large as that seen in the electron-like charged pion sample 
is 6.9%, assuming the best-fit value of the oscillation parameters. We 
find that the data shows a preference for the normal mass ordering 
with a posterior probability of 89%, giving a Bayes factor of 8. We find 

θsin ( ) = 0.532
23 −0.04

+0.03  for both mass orderings. Assuming the normal 
(inverted) mass ordering we find m∆ 32

2   =  (2.45  ±  0.07)  ×  10−3 
m(∆ = (2.43 ± 0.07) × 10 )13

2 −3  eV2/c4. For δCP our best-fit value and 68% 
(1σ) uncertainties assuming the normal (inverted) mass ordering are 
−1.89 ( − 1.38 )−0.58

+0.70
−0.54
+0.48 , with statistical uncertainty dominating. Our 

data show a preference for values of δCP that are near maximal CP 

violation (see Fig. 4), while both CP conserving points, δCP = 0 and 
δCP = π, are ruled out at the 95% confidence level. Here we also produce 
99.73% (3σ) confidence and credible intervals on δCP. In the favoured 
normal ordering the confidence interval contains [−3.41, −0.03] 
(excluding 46% of the parameter space). We have investigated the 
effect of the excess seen in the 1e1de sample on this interval and find 
that had the observed number of events in this sample been as 
expected for the best-fit parameter values the interval would have 
contained [−3.71, 0.17] (excluding 38% of parameter space). In the 
inverted ordering the confidence interval contains [−2.54, −0.32] 
(excluding 65% of the parameter space). The 99.73% credible interval 
marginalized across both mass orderings contains [−3.48, 0.13] 
(excluding 42% of the parameter space). The CP-conserving points 
are not both excluded at the 99.73% level. However, this experiment 
has reported closed 99.73% (3σ) intervals on the CP-violating phase 
δCP (taking into account both mass orderings), and a large range of 
values around +π/2 are excluded.
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Fig. 4 | Constraints on PMNS oscillation parameters. a, Two-dimensional 
confidence intervals at the 68.27% confidence level for δCP versus sin2θ13 in the 
preferred normal ordering. The intervals labelled T2K only indicate the 
measurement obtained without using the external constraint on sin2θ13, 
whereas the T2K + reactor intervals do use the external constraint. The star 
shows the best-fit point of the T2K + reactors fit in the preferred normal mass 
ordering. b, Two-dimensional confidence intervals at the 68.27% and 99.73% 
confidence level for δCP versus sin2θ23 from the T2K + reactors fit in the normal 
ordering, with the colour scale representing the value of negative two times the 
logarithm of the likelihood for each parameter value. c, One-dimensional 
confidence intervals on δCP from the T2K + reactors fit in both the normal and 
inverted orderings. The vertical line in the shaded box shows the best-fit value 
of δCP, the shaded box itself shows the 68.27% confidence interval, and the error 
bar shows the 99.73% confidence interval. We note that there are no values in 
the inverted ordering inside the 68.27% interval.
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Hyper-Kamiokande Project

• World-largest detector for Nucleon-decay and Neutrino experiment 
• 8.4 times larger !ducial mass (190 kiloton) than Super-K instrumented with double-sensitivity PMTs 

• World most-intense neutrino beam 
• J-PARC neutrino beam to be upgraded to 1.3 MW 

• New and upgraded near detectors to control systematic errors

• Long baseline experiment and non-accelerator physics in a single project
• Based on the highly successful tradition of SuperK and T2K (expertise and collaboration)

8

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)

Start in 2027



Physics Sensitivity
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Hyper-Kamiokande program

10

Accelerator Neutrino 
beam from J-PARC

Atmosphere Supernova Sun

Neutrinos

Proton Decay

Tank filled with pure 
water 68m (D) x 71m (H)

Hyper-Kamiokande
Total mass 260 kton 
Fiducial 190 kton

New photo-sensors



Many Physics targets

• The mass of the detector with the wide energy 

coverage is the Key to probe new physics.  
• It is an only unique choice to search for the proton 
decay up to 1035 years.

11

M.Yokoyama (U.Tokyo)

• Hyper-Kamiokande will have a rich program with world-
leading science output

• Technology established with past/ongoing experiments

• Fast and robust approach to lepton CPV  
+ long term program with a wide range of science

• Multi-purpose approach crucial (huge investment)  
new design optimized with better sensors

• Project being accelerated towards an early approval

• International collaboration open for new groups

Conclusion

30

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

ova

Acce
lera

tor

Proton deca
y

DM sea
rch

Atmospheric

MeV to TeV with 
a single detector

Neutrino energy range covered by SK
SK energy range

Energy threshold: 3.5 MeV in kinetic 
energy (SK-IV)

¾ Solar neutrinos
¾ ~3.5(thr.) ~ 20 MeV
¾ ~15 events/day

¾ Supernova neutrinos
¾ A few ~ 20 MeV
¾ ~8000 events for 10kpc

¾ Atmospheric neutrinos
¾ ~100 MeV ~ a few 100 GeV
¾ ~ 10 events/day 

6

Study neutrino oscillations by those 
sources.
Also, study astrophysics with those 
sources.



Target sensitivity
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Physics category Parameters Sensitivity

LBL
(1.3MW×10years)

δ precision 7°-20°

CPV coverage (3/5σ) 76%/58%

sin2θ23 error (for 0.5) ±0.017

ATM+LBL
(10 years)

MO determination >3.8σ
Octant determination (3σ) |θ23-45°|>2°

Proton Decay
(20 years)

τ for e+π0 (3σ) 1×1035

τ for νK̅ (3σ) 3×1034

Solar
(10 years)

Day/Night (from 0/from KL) 8σ/4σ
Upturn >3σ

Supernova
Burst (10kpc) 54k-90k

Relic 70ν’s / 10 years



Long-baseline program with the J-PARC neutrino beam
Experimental setup
•  off-axis  and  beam peaked at  (oscillation maximum at 295km )

➢ Major component is QE:  determined from ( ) of charged lepton

• Measures CP violation in neutrinos by comparing  and 

2.5° #$ #̄$ 0.6 GeV
%# &,  '

((#$ → #)) ((#̄$ → #̄))

• A few % statistical uncertainties after 10 years operation with >1000  and  signals#) #̄)

0.6 0.6

13

Normal MO
Inverted MO



Neutrino oscillation sensitivity

• Good chance for discovery of CP violation with > 5σ 
• Measurement of δCP with    for  /  

~ for  
• Combination of beam and atmospheric neutrinos 

enhances the sensitivity for mass ordering 
• Reduction of systematic uncertainty has sizable impact 

• Upgrade of T2K ND280 + a new 1kton scale water 
Cherenkov (IWCD) 

~20°  *+& = − 90°
7°  *+& = 0°
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JUNO (reactor νe̅ at ~50km)
Hyper-K Δm2



Proton decay Search
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%(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
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Neutrino Astrophysics
• Observation of a few~10MeV neutrinos with time, energy and direction information 

• Unique role in multi-messenger observation  
• Solar neutrinos: up-turn at vacuum-MSW transition, Day/Night asymmetry, hep neutrino 

observation  
• Supernova burst neutrinos: explosion mechanism, BH/NS formation, alert with ~1º pointing 
• Supernova Relic Neutrinos (SRN): stellar collapse, nucleosynthesis and history of the universe
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Project Status
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Hyper-Kamiokande collaboration
Univ. of Tokyo and KEK host the project
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Collaboration Meeting, March 2023 @ Toyama
First face-to-face meeting after project approval

• ~560 people from ~20 countries, ~100 institutions 
• 25% Japanese / 

75% non-Japanese 
• Recently approved as a recognized experiment (RE45) at CERN



Timeline
• 2022-2027:  Construction,      2027- : Operation 

• No change of schedule since the approval of project in 2020
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JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFY2028

Tunnel const. Cavern
excavation

Tank
Const.

PMT production

PMT cases, Electromics etc.

PMT
installation

Water system Filling 
water

Operation

Power-upgrade of J-PARC and Neutrino Beam-line

Near Detector Facility, R&D, production ND construction

Preparation



Cavern excavation status

• Access tunnel (~2 km) completed in Feb. 2022 
• Excavation of the main cavern started in fall 2022 and 

is proceeding as scheduled 20

  20

I-Overview of the T2K ExperimentHyper-K caverns excavation

● Excavation of the access tunnel (2 km) �nished the 25/02/22.
● Approach & circular tunnel excavation is over.
● Main cavern excavation has started2! 7 On-time2!

Branch of access tunnels

40 m (D)

Top of the Detector Cavern (March 14, 2023)



Detector configuration
• 67 mΦ x 66 m Inner Detector (fiducial 190 kt) 

– 20,000 HPK HiQE (x2 SK) 20-inch PMTs  will be installed 
– mPMT modules will be integrated as hybrid configuration.  

• 1m(wall) or 2m(top/bottom) thick Outer Detector  
–  3” PMTs + WLS boards 

• Under-water electronics module 
– Mitigate disadvantage of long cables 

21

70cm	grid

OD	PMT+WLS

mPMT

Underwater	Elec.

20-inch	PMT



Hyper-K PMT Performance
Hamamatsu R12860
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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

Box&Line dynode

×2 better photodetection efficiency (QE×CE)

×2 better timing resolution

×2 better charge resolution

×2 better pressure tolerance

→ enable deeper tank design, 

project cost reduction
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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



Electronics system
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DigitizerHV PS
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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

• Developed to maximize the performance of improved PMTs 
• Frontend electronics placed underwater 

• Digitizing signals near PMTs 
• Maximize the performance of the detector 

• Challenges 
• Everything in water-tight vessels 
• Water-tight connectors and cables 
• Very high reliability required 
• Synchronization of distributed components 

• Large international collaboration project by itself 
• Development, production, assembly, testing,  

calibration, installation, .. 
• Planning assembly/testing at CERN



Detector component (some production starting)

PMT cover

ID mockup Underwater electronics:

Multi-PMT module: 
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20 x 50 cm ID PMTs + 12 x OD PMTs

OD signal + 
HV splitter

Feedthroughs 
for ID and OD

PMTs 

Outer detector: PMT+WLS plate 



Main Ring
Circumference 1.567.5 m
K.E.:    3 GeV Æ 30 GeV
v/c:     97.1% Æ 99.95%

Neutrino Exp. Facility

7

Achieved 515 kW in JFY2020
Aiming 1.3 MW by JFY2028 295 km

Super-Kamiokande

295 km travel to

Neutrino beam
Anti-neutrino beam

Achieved 65 kW 
in JFY2021 
Aiming 100 kW 
within several years

Hadron Exp. Facility

J-PARC Upgrade
MR-RF	cavities New	main	magnet	PS	for	high	rep.	rate

320kA	horn	operation



Neutrino detectors at J-PARC

• On-axis detector: Measure beam direction and event rate 
• Off-axis magnetized tracker: Measure primary (anti)neutrino interaction rates, spectrum and 
properties.  Charge separation to measure wrong-sign background 
à Upgrade by T2K experiment and Intensive discussion for further upgrade in HK-era is on-going. 
• Intermediate WC detector: H2O target with off-axis angle spanning orientation.  
à Detector site investigation and conceptual facility design is on-going.

Critical components to precisely understand J-PARC beam and neutrino interactions.
On-axis Detector 
(INGRID)

Off-axis Magnetized Tracker 
(ND280→Upgrade for T2K →Upgrade for HK)

Off-axis spanning Intermediate 
water Cherenkov detector 
(IWCD)

Connection to FNAL and CERN: Beam test of detectors, Hadron production measurements forJ-PARC neutrino beam26

3D	neutrino	detector

upgrade

New	for	HK

HA	TPC



Summary

• Important physics targets 
• Neutrino CP violation:  Discovery with 5 σ for ~60% parameter regions   
• Nucleon Decay Search for testing GUT:  τ > 1035 years for p→e+π0 

• Neutrino Astrophysics: Supernova neutrinos 
• Big Water Cherenkov detector with 190 kton !ducial mass 

• Facility and Detector construction are on-going for the operation starting in 2027 
• J-PARC neutrino beam being upgraded toward 1.3 MW power 
• Your support is essential!

Hyper-Kamiokande with J-PARC
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