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Achievements of (Super-)Kamiokande
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Figure 1. The interior of KamiokaNDE.

Figure 2. The newly developed large photomultiplier.

Kamiokande
(1983-1996)

Observation of supernova 
neutrino (1987)

Super-Kamiokande (1996- )

Evidence for neutrino oscillations with atmospheric neutrinos (1998)
Solar neutrino flavor change, together with SNO (2001)
First long baseline experiment, K2K (1999-2004)
Discovery of electon neutrino appearance in T2K (2013)
Hint of CP violation in neutrino oscillations (2020)
Indication of diffuse suernova neutrino background (2026)

→ KamLAND

Atmospheric neutrino 
anomaly (1988)

Real time observation of 
solar neutrinos (1989)



3rd generation: Hyper-Kamiokande
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• Rich physics program with discovery potential
• Operation planned for 2028
• Hosted by two institutes; UTokyo & KEK

The Hyper-Kamiokande Project 
Hyper-K

Far Detector (FD)
J-PARC

(Accelerators & Near Detectors)

𝜈𝑒

ҧ𝜈𝑒

𝜈𝜇

ҧ𝜈𝜇

Tokai

295km

Kamioka

Beamline

Long baseline experiment and non-accelerator physics in a single project
Building on the strong legacy of success with Super-K and T2K

World-largest detector for Nucleon-decay and Neutrino experiment
260kton water Cherenkov detector

+
World's most intense neutrino beam & new and upgraded near detectors 
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Fig. 4 Sensitivity to CPV as a function of data-taking time: sin δCP =
0 exclusion for δCP = −π/2 or −π/4 (left) and percentage of δCP
values for which sin δCP = 0 can be excluded at 3σ and at 5σ (right).

The shaded regions in these and following figures, show the span of
possible sensitivities when varying the assumed systematic errors

If CP is not maximally violated, assuming known MO,
after about six years, Hyper-Kamiokande will be able to dis-
cover CPV at 3σ (5σ ) for 75% (55%) of possible actual val-
ues of δCP . For instance, a CPV discovery could be achieved
in under 6 years in case of δCP = −π/4. The fraction of
possible actual values of δCP for which Hyper-Kamiokande
can discover CPV at 3σ (5σ ) with 10-years exposure is
about 80% (60%). These fractions of δCP values increase
(decrease) by few percent by changing the value of sin2 θ23 to
0.4 (0.6) and they are independent on the actual MO. The sys-
tematic error which most degrades the sensitivity of Hyper-
Kamiokande to CPV is the uncertainty on the σ (νe)/σ (ν̄e)

cross-section ratio.
The expected resolution of the δCP measurement is shown

in Fig. 5. The achievable resolution depends on the actual
value of δCP , where better resolution can be achieved for
values of δCP close to those where CP is conserved. The most
relevant systematic uncertainties are also different depending
on the actual value of δCP . In Fig. 5, two scenarios for the
improved systematic error model with different constraints
on σ (νe)/σ (ν̄e) are tested. To evaluate the resolution achiev-
able for the measurement of δCP , we have to consider the
derivative with respect to δCP of the oscillation formula in
Eq. 2:

∂P(νµ → νe)/∂δCP = −8c2
13c12c23s12s13s23 cos δCP

· sin '32 · sin '31 · sin '21 + 8c2
13s12s13s23c12c23

× sin '21 sin δCP (s2
12 sin '21 − cos '32 sin '31). (5)

For the case of CP-conservation (δCP = 0,π), the CP-
odd term (sin δCP ) goes to 0 but its derivative (cos δCP ) is
maximal, thus the precision on the δCP measurement is dom-
inated by this CP-odd term. Therefore, the precision mea-
surement of δCP around the CP-conserving values is mostly

a rate measurement of the difference between νe and ν̄e, thus
the σ (νe)/σ (ν̄e) ratio has a significant impact on the resolu-
tion, as is the case for the CP-violation discovery sensitivity.
This explains why the green line in Fig. 5 indicates worse
resolution than the red line, especially for δCP $ 0,π. For
the case of maximal CP-violation, the situation is opposite:
the CP-even term (cos δCP ) goes to 0 while its derivative
(− sin δCP ) is maximal, thus dominating the resolution on the
δCP measurement. In this case, the precision is not dominated
by the rate asymmetry in the (anti)neutrino electron appear-
ance channels, but by cos δCP -induced shape effects on their
energy spectra. Thus, for these values of δCP $ ±π/2, mak-
ing a precise measurement of δCP is more challenging in
terms of statistics and requires very good control of sys-
tematic effects related to the neutrino reconstructed energy,
such as the far detector energy scale. As a consequence, the
resolution worsens for δCP $ ±π/2, as visible in Fig. 5.
Moreover the σ (νe)/σ (ν̄e) uncertainty does not dominate
(the green line is close to the red line for δCP $ ±π/2), and
other systematic uncertainties have an important impact on
the measurement.

Finally, the δCP resolution have a small dependence on the
value of sin2 θ23. Considering sin2 θ23 = 0.4, the δCP reso-
lution improves by about 2 (0.5) degrees for δCP = −π/2
(0). Considering sin2 θ23 = 0.6, the resolution degrades by
about 1 degree for all δCP values.

Beyond the search for CPV, Hyper-Kamiokande will also
feature unprecedented precision on the so-called atmospheric
neutrino oscillation parameters. The sensitivity to exclude the
wrong θ23 octant is defined as
√

(2
min(sin2 θ23)WO − (2

min(sin2 θ23)RO (6)

where the labels WO and RO refer, respectively, to the
wrong and right octant. This sensitivity is evaluated through
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8 The Hyper-Kamiokande Collaboration

Figure 3. Event rate (top) and mean energy (bottom) of observed events in Hyper-Kamiokande, as predicted by the five
supernova models used in this paper for normal (left) or inverted (right) mass ordering. All plots show the time interval from
20ms to 520ms after core bounce. The event rate is normalized to produce the same total number of events for each model,
reflecting the assumption made in this paper that the distance of the supernova is unknown.

code that solves the di↵erential equations for hydrodynamics and neutrino transport simultaneously (Sumiyoshi et al.
2005).

3.1.3. Couch

This family of models (Couch et al. 2019; Warren 2019) uses an approach for including e↵ects of convection and turbu-
lence in a one-dimensional simulation, which the authors call STIR (Supernova Turbulence In Reduced-dimensionality).
In this approach, the e↵ective strength of convection depends on one parameter, ↵⇤, which can be tuned to reproduce
results from a three-dimensional simulation of the same progenitor (O’Connor & Couch 2018a). The model family
contains 138 solar-metallicity progenitors with masses from 9M� to 120M�. Here, we use results from the simulation
of a 20M� progenitor (Sukhbold & Woosley 2014) with ↵⇤ = 0.8.2

The simulation was implemented in the FLASH simulation framework (Fryxell et al. 2000; Dubey et al. 2009)
using a newly-implemented hydrodynamics solver with a modified e↵ective potential to approximate e↵ects of general
relativity (Marek et al. 2006; O’Connor & Couch 2018b) and the SFHo equation of state (Steiner et al. 2013).
Neutrino transport is simulated using a so-called “M1” transport scheme (O’Connor 2015; O’Connor & Couch 2018b)

with 12 logarithmically spaced energy groups up to 250MeV. Starting at 5ms post-bounce, e↵ects of neutrino-electron
scattering with energy transfer are turned o↵ to reduce the computational resources required. While this has little
impact on the supernova dynamics, it does result in an increased mean energy for ⌫x (O’Connor & Couch 2018b).

2 This is an early version of the simulations, which di↵ers slightly from the simulations described in the final version of Couch et al. (2019).

Scientific goals
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3σ sensitivity
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（π0は瞬時に２つのガンマ線に崩壊する）
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Atmospheric neutrino observation
By the Earth’s matter effects 
• 𝜈𝜇 → 𝜈𝑒 oscillation is enhanced in case of normal mass ordering
• ҧ𝜈𝜇 → ҧ𝜈𝑒 oscillation is enhanced in case of inverted mass ordering

12

Normal mass ordering

Inverted mass ordering

𝜈𝜇 → 𝜈𝑒

ҧ𝜈𝜇 → ҧ𝜈𝑒 • 4-6𝜎 sensitivity to mass ordering 
depends on  the value of 𝜃23

• Also sensitive to 𝜃23 octant and 
other parametersSuper-Kamiokande collaboration, Phys. Rev. D 109, 072014 (2024)
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Search for proton decays
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• 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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Nucleon decay:
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Grand Unification

p→e+π0

3σ sensitivity


1035years

World-best sensitivity for most of possible modes

(huge mass, excellent performance, and free protons)
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Long baseline experiment 
with J-PARC neutrino beam
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Generally, the same configuration as T2K

2.5° off-axis beam, peaked at 0.6 GeV (oscillation maximum at 295km)

Relatively small matter effect & large CP effect


Major interaction channel is CCQE; primary information from (p, θ) of charged lepton

CP measurement by comparison of appearance probabilities P(νμ → νe) and P(νμ̅ → νe̅)


>1000 events each for νe and νe̅ signals after 10 years of operation

Directly utilize the expertise from T2K + improvements based on experience

Beamline and ND280 already exist; improvements with HK + IWCD

SKHK
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Atmospheric neutrinos
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Atmospheric 3-flavor n beam (0.1-103 GeV, 10-13,000 km)
• The wide range of E (0.1~103 GeV) and L (10 km ~13,000 km ) provide an excellent 
opportunity to study various properties of n.
• Study of the earth matter effect to determine neutrino mass ordering
• Unique tests of exotic properties
Oscillation studies with wide range of E and L. The matter effect solves MO.

B Atmospheric neutrinos 227
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FIG. 147. Oscillated ⌫e flux relative to the non-oscillated flux as a function of neutrino energy for the

upward-going neutrinos with zenith angle cos ⇥⌫ = �0.8. ⌫̄e is not included in the plots. Thin solid

lines, dashed lines, and dotted lines correspond to the solar term, the interference term, and the ✓13

resonance term, respectively (see Eq. 19). Thick solid lines are total fluxes. Parameters are set as

(sin2 ✓21, sin
2 ✓13, sin

2 ✓23, �,�m2
21,�m2

32) unless otherwise noted. The ✓23 octant e↵ect can be seen by

comparing (a) (sin2 ✓23 = 0.4) and (b) (sin2 ✓23 = 0.6). � value is changed to 220� in (c) to be compared

with 40� in (b). The mass hierarchy is inverted only in (d) so ✓13 resonance (MSW) e↵ect disappears in this

plot. For the inverted hierarchy the MSW e↵ect should appear in the ⌫̄e flux, which is not shown in the

plot.

parametric resonance driven by ✓̃13, whose amplitude increases with sin2✓23 ( c.f. panels a. and b.).

Further, this resonance becomes suppressed in the neutrino channel when the hierarchy is switched

from normal to inverted (compare panels a. and d.). Though some change in the resonance can be

seen via the interference term as �CP is varied, the dominant e↵ect appears below 1 GeV (panels

a. and c.). For these reasons the atmospheric neutrino oscillation analysis has been designed to

maximize each of these potential e↵ects.

Hyper-Kamiokande’s reconstruction performance is expected to meet or exceed that of its pre-

decessor, Super-Kamiokande. Nominally the size and configuration of the two detectors are similar

enough that event selections and systematic errors are not expected to di↵er largely. While the

larger statistics a↵orded by Hyper-K may result in improved detector systematic uncertainties, such

NO
2nd octant. dCP=40o

NO
1st octant

NO
2nd octant, dCP=220o

IO

Effect of Mass Ordering (MO) and CP on ne flux

In case of
cosQn=-0.8, 

the effect of MO
can be observed.

νμ

νe

Qn

~80 events/day
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~80 events/day

Wide range of energy and flight length, all flavors of ν and ν
̅
Various studies of neutrino properties, including exotic models

Good sensitivity to mass ordering with matter effect through the EarthAtmospheric neutrino observation

By the Earth’s matter effects 
• 𝜈𝜇 → 𝜈𝑒 oscillation is enhanced in case of normal mass ordering
• ҧ𝜈𝜇 → ҧ𝜈𝑒 oscillation is enhanced in case of inverted mass ordering

12

Normal mass ordering

Inverted mass ordering

𝜈𝜇 → 𝜈𝑒

ҧ𝜈𝜇 → ҧ𝜈𝑒 • 4-6𝜎 sensitivity to mass ordering 
depends on  the value of 𝜃23

• Also sensitive to 𝜃23 octant and 
other parametersSuper-Kamiokande collaboration, Phys. Rev. D 109, 072014 (2024)



Neutrino Oscillation Measurements
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After 10 years,

>5σ CPV for ~60% of δCP values

1σ uncertainty ~20° for δCP =-90°, ~6° for δCP=0°


Precision measurements of parameters and consistency 
checks of three flavor mixing (together with other experiments)

Control of systematic uncertainties is important


Near Detectors (IWCD+ND280), calibration of detectors, 
external measurements (hadron production, interactions, ..)

0 2 4 6 8 10
)ν:ν POT/year 1:3 2110×HK years (2.7

0

2

4

6

8

10

12)2 χ
∆

=0
 e

xc
lu

si
on

 (
C

P
δ

 s
in

Hyper-K preliminary
True normal ordering (known)

4/c2eV-310×=2.50932
2m∆=0.528, 23θ20.0007, sin±=0.021813θ2sin

Statistics only
 xsec. error 2.7%)eν/eνImproved syst. (
 xsec. error 4.9%)eν/eνT2K 2020 syst. (

°=-90CPδ

°=-45CPδ

 

0 2 4 6 8 10
)ν:ν POT/year 1:3 2110×HK years (2.7

0
10
20
30
40
50
60
70
80
90

100

=0
 [%

]
C

P
δ

 v
al

ue
s 

ex
cl

ud
in

g 
si

n 
C

P
δ

Hyper-K preliminary
True normal ordering (known)

4/c2eV-310×=2.50932
2m∆=0.528, 23θ20.0007, sin±=0.021813θ2sin

Statistics only 
 xsec. error 2.7%)  eν/eνImproved syst. (
 xsec. error 4.9%)  eν/eνT2K 2020 syst. (

 C.L.σ3
 C.L.σ5

Effect of systematics

after 10 years

2.47 2.48 2.49 2.5 2.51 2.52 2.53 2.54 2.55
4/c2 eV-310| 32

2m∆|

0
5

10
15
20
25
30
35
40
45
502 χ

∆ Statistics only
Improved syst.
T2K 2018 syst.

)ν:νHK 10 years (2.70E22 POT 1:3 

 = -1.601  CPδ  4/c2| = 2.509E-3 eV32
2m∆) = 0.500  |23θ(2) = 0.0218  sin13θ(2sin

True normal ordering (known)
Hyper-K preliminary

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.

61

JUNO (reactor νe̅ at ~50km)

Δm2



Mass ordering
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Supernova burst neutrinos
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Hyper-Kamiokande Collaboration, Astrophys.J. 916 (2021) 1, 15

50k-80k events expected for an SN at 10kpc

Time, energy, and direction information

Detailed information of the explosion mechanism

Alert with ~1° pointing accuracy


~10 events for a SN in Andromeda



DSNB
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Sensitivity in rather high enegy region

Expect ~4 events / year after selection (w/ pure water)

11       Neutrino Astrophysics - DSNB -

• Providing convoluted information, including history of star 
formation rate (= evolution of the universe)

• 4-7 events per year after selection, enabling study on spectrum 
shape in 16 – 30 MeV region 

Diffuse Supernova
Neutrino Background

“Hyper-Kamiokande Sensitivity to 
the Diffuse Supernova Neutrino 
Background” by Andrew Santos

Eth = 16 MeV
w/o neutron 
tagging
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Project Status



How to construct Hyper-Kamiokande
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1. Excavate a huge 
cavern 600m 
underground

2. Build water tank lining  
withSUS plates 
and concrete

3. Intall PMTs and 
other instruments 

in parallel to 
the structure construction

4. Fill with 260kton  
ultrapure water

69m

94m

Completed



Excavation
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Approach tunnel

Mine 
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Approach tunnel
HK cavern

Cavity for water 
purification system

Circular 
tunnel

Around the Hyper-K 
cavern

Hyper-K construction began in 2021

• Excavation work began in May 2021 14

Groundbreaking ceremony on May 28th, 2021
s

15

Access and approach tunnels excavation 
completed June 2022

Cavity for water purification system

• The size of the cavity for the water purification system 
is approximately half that of Super-K tank

17

16m

17~19m

101m

July 13, 2023

18

69m

HK cavern ‘dome section’ completed

21m
33

October 2023

May 2021

Oct. 2023

June 2022



Huge underground cavern
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69m

Main Building, Ookayama Campus, 

Institute of Science Tokyo



Cavern Excavation 
Completed: July 2025
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Y. Asaoka et al., “Excavation of a 69-m diameter and 
 94-m high cavern for the Hyper-Kamiokande detector,”  

Progress of Theoretical and Experimental Physics, 
Volume 2026, Issue 7, July 2026, 073H01, 
DOI: https://doi.org/10.1093/ptep/ptag091

Paper published in PTEP:

- The Mining and Materials Processing Institute of Japan
- Japanese Geotechnicl Society
- Japan Society of Civil Engineers

Awards received

https://doi.org/10.1093/ptep/ptag091


Water tank lining

17

Weld SUS plates to make the water tank
Fill concrete between the plates and bedrock

From bottom to top with a mobile scaffolding
3830 SUS plates, total welding 14.4km



Lining complete: July 2026

18



Pure water system
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Water system room:
~half of Super-Kamiokande volume Water system already installed and waiting for operation



Hyper-K detector system
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Hyper-K Detector Configuration
• Inner Detector (ID)

– φ64.8m, H65.8m
– 50cm PMTs will be installed.
– Multi-PMT (mPMT) modules 

will be integrated as hybrid 
configuration

• Outer Detector (OD)
– 1m (barrel) or 

2m (top/bottom) thick
– 3-inch PMT + WLS plate
– Walls are covered by high-

reflectivity Tyvek sheets

• Under water electronics
– Mitigate disadvantage of long 

cables

20

Detector component (some production starting)

PMT cover

ID mockup Underwater electronics:

Multi-PMT module: 

24

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 

50cm PMT

8cm PMT + WLS plate

for Outer Detector

multi-PMT module

Underwater

electronics

Mockup for  
integration test

K. Okumura (ICRR, Univ. of Tokyo) for Integration group

2024.08.20 Hyper-K PAC meeting 

Far Detector Integration 

1

Updates since the last PAC
• Prototypes are updated to the latest

Digitizer V3V4 with CAL, DPB V2V3, HV/LVprod. version
• ID-OD Hybrid setups are ready at Kamioka and CERN

2

Pure-ID @Kamioka

ID digitizer

CAL

• DPB(V3)
• HV/LV(prod.)
• Digitizer(V4)
• CAL

Hybrid @Kamioka

OD splitter

OD 
digitizer CAL

+ OD Digitizer
+ OD Splitter

Hybrid @CERN

OD splitter

OD 
digitizer

(ref. KM3NeT)

Mass production is ongoing with global collaboration

All material is tested to be ultrapure and Gd-loaded water compatible

~20,000
~800

~3,600

~1,000



Improved PMT performance
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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

→ Even with 20% photocoverage,  
similar number of photons with SK(40%)



Towards construction

22

Install 
(inside the tank)Assembly+calibration 

（CERN, NP08）

Acceptance 
(Toyama)

Assebmly 
(abroad)

Assembly 
(Kamioka)

50cm PMT
PMT cover

mPMT

OD PMT
WLS plate
Tyvek sheet

Assembly 
(U. Toyama)

Digitizer (ID, OD)

Data Processing Board

HV&LV Vessel

MCC

Timing system

Feedthrough

Production and assembly 
across the world

Massive construction work scheduled in 2027 
After water filling, operation starts in 2028



Neutrino beam
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Increasing the beam power to 1.3MW

Increasing protons per pulse

Reducing beam cycle

Reducing beam loss

Upgrading beamline (target, coolong, radiation handling, ...)


Realizing stable operation of 107 sec/year

Replacement of aged facility/components

Upgrade with latest technology


T2K run is scheduled to finish in May 2027 
Commissioning for HK will start

MR 高強度化

6

MR beam power upgrade plan
Power  =  Energy(30 GeV)  ×  Number of protons  /  Cycle time

JFY2021 515 kW 2.66×1014 ppp 2.48 s
Mar. 2025 830 kW 2.36×1014 ppp 1.36 s

Feb. 2026
(continuous)  900 kW 2.41×1014 ppp

1.28 s
 (1 shot) 1000 kW 2.69×1014 ppp

JFY2028 1300 kW 3.3  ×1014 ppp 1.16 s
ppp … protons per pulse

JFY2021 515kW 2.66x1014 ppp 2.48s 2.1%

Feb. 2026 900kW 2.41x1014 ppp 1.28s 0.4%

~JFY2028 1300kW 3.3x1014 ppp 1.16s

MR beam power upgrade plan
Power  =  Energy(30 GeV)  ×  Number of protons  /  Cycle time

JFY2021 515 kW 2.66×1014 ppp 2.48 s 2.1%
Mar. 2025 830 kW 2.36×1014 ppp 1.36 s 1.5%

Feb. 2026
(continuous)  900 kW 2.41×1014 ppp

1.28 s
0.4%

 (1 shot) 1000 kW 2.69×1014 ppp 1.1%
JFY2028 1300 kW 3.3  ×1014 ppp 1.16 s

ppp … protons per pulse

Beam loss

To realize 1.3 MW operation, we need 
　・ further hardware upgrades 
　・ beam loss reduction

Beam loss

1.3MW連続運転の実現のために必要なこと：
•加速器のハードウェア増強 
•ビーム調整によるビームロスの低減

ターゲットの1.3MW対応

12

๏当初設計(750kW w/ 3.3x1014 ppp
想定)に対して、1.3MWビームで生
成される熱の除去能力の増強が必要 

๏冷却能力の増強などの改良を行う 
(冷却ヘリウムガスの流量を増やす)

J-PARC研究開発棟で試験中の 
新ヘリウムコンプレッサー

イギリスRAL研究所で開発された 
新型ターゲットの設置試験＠J-PARC

1MWビーム試験

9
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1 MW demonstration
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Beam intensity and beam loss estimated by the DCCT

2.69×1014 ppp 
1008.9 kW

2.98×1012 ppp (1.1%) loss 
1160 W loss

Beam loss at the neutrino beamline was also acceptable.

さらなるビーム調整によるロス低減を進めて1.3MW beamの実現へ

Yearly POT history for T2K

1MW operation demonstration New target



ND280
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Top viewSide view

組⽴の流れ
◦構造体組⽴・キューブ積層

◦波⻑変換ファイバー挿⼊

◦MPPC・較正装置取付
◦遮光・ケーブル取付

◦読み出し回路取付
◦試運転

2023/3/24 ⽇本物理学会2023年春季⼤会 ⾕川 輝 5

SuperFGD Mechanics Report ND280 Upgrade 0D1 18/07/2021 
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Figure 3-3: Picture of two scintillator cubes (middle) with ordinary playing dice.  Cubes are 1 cm on each side with three 

orthogonal holes drilled in them.  (Photo from INR) 
 
The array of cubes inside the box is 192 cubes transverse to the beam axis, 182 cubes along the beam 
axis, and 56 cubes vertically.  The array was originally 184 cubes along the beam axis to match the 
eight-fold multiplicity of the MPPC boards, but two layers of cubes were removed, one upstream and 
one downstream, to ensure that the box fit in between the other detectors inside the ND280 basket, and 
to include the tolerances associated with the measurements taken of the basket in Japan.  The mass of 
the cubes inside the box is 2,179 kg, making the mass of the box and cubes 2,715 kg. 
Each cube has three holes drilled through it, each hole orthogonal to the others.  WLS fibers are inserted 
through all the holes.  One end of each fiber touches a calibration module, the other butts up against the 
light sensors on the MPPC boards. 
The purpose of the box is to support the weight of the cubes, the MPPC boards and the calibration 
modules, and to route the WLS fibers through the cubes. 
 

 
Figure 3-3: Exploded view of the SFGD Box showing the different faces.  The grayish/white solid in the middle is the 
scintillator cube envelope.  The picture shows that access is needed from all sides, including the bottom, for bolt insertion 
and tightening. 
 
To create a coordinate system with a definite origin for the cubes inside the box, three of the box inner 

2022.10ー

2023.1 ー

2023.3 ー

Now ー

ND280++へのアップグレード
前置検出器ND280の課題
• 主に炭素標的(プラスチックシンチレータ)を検出器に使用
SK,HK：水標的 ND：炭素標的
⇨ 系統誤差の要因に

ND280＋＋
• ND280のアップグレード計画
• 水標的の検出器の導入を計画
• 水標的ファイバートラッカは

この案の一つ

JPS_年次大会_2026/09/14_14aE525-9_熊野文佳
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ND280 ND280++

ND280++へのアップグレード
前置検出器ND280の課題
• 主に炭素標的(プラスチックシンチレータ)を検出器に使用
SK,HK：水標的 ND：炭素標的
⇨ 系統誤差の要因に

ND280＋＋
• ND280のアップグレード計画
• 水標的の検出器の導入を計画
• 水標的ファイバートラッカは

この案の一つ

JPS_年次大会_2026/09/14_14aE525-9_熊野文佳
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ND280 ND280++

Upgraded ND280 detector (by T2K) will be 
inherited and used from Day 1


 Handover activities ongoing

Further upgrade is also under discussion

ND280 ND280 Upgrade ND280++ ?

SuperFGD detectir with ~2 million scintillator cubes

and ~56,000 WLS fibers+MPPCs

June 2024 - first data with the completed upgrade

Next T2K run starts in 11 days!

Tristan Doyle (Stony Brook University) ND280 Detector Hardware Status Thursday 14th November 2024 2 / 16Electron neutrino candidate



Intermediate Water Cherenkov Detector (IWCD)
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! !

2

12m

9m

Build a new water Cherenkov detector at ~1km from  
J-PARC target

Move the detecor by adjusting the water level in the pit

Changing off-axis angle  
→ sample different neutrino energy spectrum 
   reduction of systematic uncertainties 5       Summary of 1st Rod Work  

Wedge assembly (17th HKPAC)

• Finally, actual pit excavation began in April 2026Pit excavation started in April 2026

Measurements with movable detector (off-axis scanning)

• Neutrino flux varies with off-axis angle from the beam direction
• IWCD will conduct measurements at different off-axis angles by 

moving the detector to evaluate the feed-down effects
• Uncertainty in the beam flux and neutrino interaction models will 

be constrained by ND280
→Aim to measure 𝝂𝒆 cross section at 3% precision

Proton beam

Target

Horns

𝜋
𝜈
𝜈
𝜈

Neutrino flux at 
different off-axis angles

Hyper-K 
direction

Feed-down

1616



Summary
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Hyper-Kamiokande is under construction

Massive installation work is scheduled in 2027

Start of full operation planned for 2028

「私たちも５σを超える瞬間を楽しみにしています」
「陽子が崩壊する日を私たちも待っています」
「ニュートリノの謎が少しでも解けますように」

Welcome messages displayed on local stores 
  for the first Hyper-K Collaboration Meeting
  held in the downtown Kamioka (June 2026)

"We're looking forward to the moment we cross 5σ."
"We're waiting for the day when a proton decays."
"May we uncover a little more of the neutrino mystery."

Collaborators inside tank (June 2026)


