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FIG. 7. The projected Main Ring fast extraction performance up to 2028, including the beam power, the

protons per pulse, and the repitition rate.
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FIG. 8. The neutrino experimental facility (neutrino beamline) at J-PARC.

station (TS). The pions decay into muons and neutrinos during their flight in a 96 m-long decay699

volume. A graphite beam dump is installed at the end of the decay volume, and muon monitors700

downstream of the beam dump monitor the muon profile. The beam is aimed 2.5� o↵-axis [85] from701

the direction to Super-K and the beamline has the capability to vary the o↵-axis angle between702

2.0� to 2.5�. The centreline of the beamline extends 295 km to the west, passing midway between703

Tochibora and Mozumi, so that both sites have identical o↵-axis angles.704705
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Hyper-Kamiokande Project
Rich physics & discovery potential

Construction started in 2020
Operation will start in 2027

Two host institutes:
U. Tokyo for HK detector

KEK J-PARC for beam/NDs

DM or ??

Google map

U. Tokyo
Kamioka 295 km

KEK
J-PARC
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International Hyper-K collaboration
and a new UTokyo building at Kamioka

Hyper-K meeting @Kamioka Oct. 2023

22 countries, 104 institutes, 583 members as of April 1, 2024
Still linearly increasing 3
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νe appearance signal = single e event
CCQE : νe + n → e + p

(dominant process at J-PARC beam energy)

S/N~10

ν beam anti-ν
beam

HK 10 yr, 2.7x1022 POT 1:3 n:n, 1-ring e-like + 0 decay e, > 1000 events each

dCP=+90

dCP=+90
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station (TS). The pions decay into muons and neutrinos during their flight in a 96 m-long decay699

volume. A graphite beam dump is installed at the end of the decay volume, and muon monitors700

downstream of the beam dump monitor the muon profile. The beam is aimed 2.5� o↵-axis [85] from701

the direction to Super-K and the beamline has the capability to vary the o↵-axis angle between702

2.0� to 2.5�. The centreline of the beamline extends 295 km to the west, passing midway between703

Tochibora and Mozumi, so that both sites have identical o↵-axis angles.704705

The Japanese Alps
ne/ ne nµ/ nµ

e
p

ne
n

Relatively
Small matter

Effect &
Large CPV

Effect

2.5 deg. off-axis

~8 x Super-K 0.5à1.3MW
J-PARC off-axis νμ & νμ beam (~0.6 GeV, ~295 km)
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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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Strategy of oscillation measurement at Hyper-K
Combination of long-baseline and atm. n observations 

⇒ Resolve parameters degeneracy
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Atmospheric neutrino: 
sensitive to mass ordering by the earth matter effects
àConstraints on mass ordering enhance 
sensitivity to CP violation by long-baseline
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Beam only

Atm-𝜈 only
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Combined
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Precision measurement of neutrino oscillations
Projected sensitivity to CPV Fraction of 𝛿!" to exclude sin 𝛿!" = 0𝛿!"

Impact of syst. 
after 10yr

𝜃#$ octant

𝛿!"

Discovery of 𝐶𝑃 violation at >5 𝜎 for >60% of dCP
1s resolution of 𝛿!" in	10	yrs
~20° for 𝛿#$ = −90° /  ~6° for 𝛿#$ = 0°

Reduction of systematic uncertainty has sizable impact:
• Upgrade of ND280 + ~600 ton Intermediate Water 

Cherenkov detector (IWCD) 
• Aim to suppress detector error below 1%
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Year  
2020 2030 2040
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] 

β/τ

3310

3410

3510

+ Kν →p 
HK 186 kton
SK+SKGd 27 kton
JUNO 20 kton
DUNE 40 kton, staged

Year  
2020 2030 2040

 [y
ea

rs
] 

β/τ

3310

3410

3510

0π + e→p 
HK 186 kton
SK+SKGd 27 kton
DUNE 40 kton, staged

Proton decay searches (note: FV ~8 x Super-K)

Hyper-K will play a leading role in
the next-generation proton decay search

Cherenkov ring image e+p0 in SK

Signal

Invariant Proton Mass (MeV/c2)

background
e+p0

e+p0

3s discovery potential

pàe+p0 pànK+

DUNE 40 kt
staged

HK 186 kt
HK 186 kt

DUNE 40 kt
staged

SK SK

JUNO
20 kt

HK 10 years
• pàe+p0: ~6x1034 yrs
• pànK+ : ~2x1034 yrs
• …

Hyper-K 10 years operation assuming 
τproton=1.7×1034 years (~Super-K limit)
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Solar n spectrum & possible differences in ne/ne oscillation

survival probability of electron solar neutrinos

Confirm MSW effect by observing spectrum distortion “up-turn”
Compare ne, ne oscillation  (currently ~1.5s tension in solar/reactor n)

Up-turn

ne

ne

~130 events/day
• > 3s sensitivity for the spectrum up-turn in 10 yrs (Eth=4.5 MeV).
• ~2s day/night sensitivity expected for the difference in ne/ne osc. in 20 yrs.

9

M. Maltoni et al., Phys. Eur. Phys. J. A52, 87 (2016)



Astrophysics: Supernova burst n

Modulation induced by Standing
Accretion Shock Instabilities
statistical fluctuation in HK

SN direction

onset time ~ 1 msec accuracy

~70k events/burst at 10 kpc
• explosion mechanism, 
• BH/NS formation, 
• alert with 1° pointing

268 III.3 NEUTRINO ASTROPHYSICS AND GEOPHYSICS

distance to a supernova. At the Hyper-Kamiokande detector, we expect to see about 50,000 to
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FIG. 178. Expected number of supernova burst events for each interaction as a function of the distance

to a supernova with 1 tank. The band of each line shows the possible variation due to the assumption of

neutrino oscillations.

75,000 inverse beta decay events, 3,400 to 3,600 ⌫e-scattering events, 80 to 7,900 ⌫e+16O CC events,

and 660 to 5,900 ⌫̄e + 16O CC events, in total 54,000 to 90,000 events, for a 10 kpc supernova. The

range of each of these numbers covers possible variations due to the neutrino oscillation scenario

(no oscillation, N.H., or I.H.). Even for a supernova at M31 (Andromeda Galaxy), about 10 to 16

events are expected at Hyper-K. In the case of the Large Magellanic Cloud (LMC) where SN1987a

was located, about 2,200 to 3,600 events are expected.

The observation of supernova burst neutrino and the directional information can provide an

early warning for electromagnetic observation experiments, e.g. optical and x-ray telescopes. Fig-

ure 179 shows expected angular distributions with respect to the direction of the supernova for four

visible energy ranges. The inverse beta decay events have a nearly isotropic angular distribution.

On the other hand, ⌫e-scattering events have a strong peak in the direction coming from the

supernova. Since the visible energy of ⌫e-scattering events are lower than the inverse beta decay

events, the angular distributions for lower energy events show more enhanced peaks. The direction

of a supernova at 10 kpc can be reconstructed with an accuracy of about 1 to 1.3 degrees with

Hyper-K, assuming the performance of event direction reconstruction similar to Super-K [252].

This pointing accuracy will be precise enough for the multi-messenger measurement of supernova

~70k 
ev./burst

detectable
@M31

galactic supernova at 10 kpc (our rgalaxy= 8 kpc)
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2020 2025 2030 2035 2040 2045
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Diffuse Supernova Neutrino Background (DSNB)
DSNB energy spectrum 

including red shift

S. Ando and K. Sato, New J. Phys. 6, 170 (2004) 

Neutrinos from supernova explosions 
in the early universe to the present day
integrated flux ~10 cm−2sec−1

Number of DSNB events
before neutron tagging

~4 ev/yr after neutron tagging w/ H2O
• Stellar collapse
• Star formation rate
• Heavy element synthesis

HK (187 kton H2O)
Eth =16 MeV
2027~

JUNO (20 kt LS)
Eth =12 MeV
2024~

HK aims for precise flux & 
spectrum measurement.

SKGd (22.5 kton H2O+Gd)
Eth =10 MeV
2020~

SKGd aims at first discovery. 
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Detector Location and J-PARC n beam
• 8 km south of Super-K
• 295 km from J-PARC and 2.5 deg. off-axis beam (same as Super-K)
• 600 m rock overburden

600 m

Google map

U. Tokyo
Kamioka 295 km

KEK
J-PARC

12

J-PARC
n beam 

axis
(depth ~13 km)

at J-PARC



Construction Schedule

FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028

Access/
Cavern 
design

Cavern
excavation

Tank
Const.

PMT production

PMT cases, Electronics etc.

PMT
installa

tion

Water system
Filling 

water

Operation

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

Near Detector Facility, R&D, production ND construction

Geo. 
Survey

● We are here 
June 2024

13

Cavern

Tank, installa
tion

Photosensors

Near detectors,

Intermediate

Water Cherenkov

Detector (IW
CD)

● Aiming at operation 
start in 2027.



Excavating the world's largest human-made cavern
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ü Approach tunnels:   
Aug. 2022 complete.

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 Excavation

Tank 
Construc<on

Installa<on

Water 
filling

Opera<on 
starts 2027

8

ü Access tunnel: Feb. 2022 complete.

Excavated
area

~1
/2

 S
up

er
-K

3 Super-K
completed.
3 Super-K

coming ~1/2yr

entrance

94.0 m

69.0 m

ü Dome part: Oct. 2023 complete.



15Oct. 3, 2023 Completion of the dome (dia. 69 m, height 21 m, ~1 Super-K)



16Excavation of the HK cavern will be completed by the end of this year!



Photo-detection system
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• New features of 50 cm PMT (B&L-dynode) include
• High QE, T resolution, pressure tolerance (x2 better than Super-K)
• dark rate reduction, low radioactivity, cover development
• long-term performance evaluation already in Super-K
è 20 000 of 50 cm PMTs from Japan

Factor ~2 more sensitive

Super-K PMT

Hyper-K PMT

Si
ng

le
-p

ho
to

n 
ef

fic
ie

nc
y

Incident position (degree)

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

• Detailed design of the tank lining and photosensor support structure completed.
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PMT production ongoing, >10,000 delivered.
Screening both at Hamamatsu and Kamioka



Photosensors and underwater electronics
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Detector Layout 


multi-PMT
Elec. vessel  + 
isolation cover

Fiber cable 
bobbin

ODPMT

ODPMT

11

Photosensors/elec. mockup

Figure 20: Fully assembled dummy unit. The black cable is used as dummy COM-FT and the red cables indicate the

dummy PMT FTs.

Figure 21: The 10-units set-up: the six dummy underwater units are immersed in water in the WA105 cryostat tank.

34

the collaboration decided to still keep the option of adding Gd doping in the future. For such reason, the558

design complies also with the case of Gd doped water. The material for the vessel is passivated Stainless Steel559

304, which has been used in Super-K and its compatibility with ultra-pure and Gd-loaded water is firmly560

established. The electronics stand is a relatively simple aluminum support fixed at the flange inside the561

vessel. Its purpose is to host the electronics components (two digitizer boards, DPB, HV and LV modules)562

and transfer the heat to the water outside the vessel. Each underwater vessel that will host the components563

for the ID-related PMTs will have six feedthroughs, which will include the high voltage and signal cables for564

four PMTs each, giving a total of twenty-four PMTs that will be supplied by each vessel. Each feedthrough565

hosts four composite cables and is composed of a 90 mm long polyethylene mold that is attached to each of566

the six pass-through holes of the cover flange using a silicon gasket. A very similar design is also adopted for567

the hybrid configuration, which will support 20 ID and 12 OD PMTs. The CAD model of the underwater568

vessels are shown in Fig. 17.569

Nominal water pressure 7 bar

Pressure and tightness test 10 bar

Total heat cooling through flange or vessel 75 W

Max Total weight 60 kg

Envelope volume 400 mm ⇥ 400 mm ⇥ 550 mm

Table 3: Requirements on the water-tight vessel.

In Tab. 3 the requirements on the vessel design are listed. Pressure and tightness test was successfully570

performed at the Paul Scherrer Institute (PSI) and officially protocolled. The vessel stayed water tight for571

the entire test and absolutely no mechanical deformation was observed.572

Figure 17: 3D model of the pure ID (left) and hybrid ID+OD (right) underwater vessels.

27

Figure 20: Fully assembled dummy unit. The black cable is used as dummy COM-FT and the red cables indicate the

dummy PMT FTs.

Figure 21: The 10-units set-up: the six dummy underwater units are immersed in water in the WA105 cryostat tank.

34



Beam: status and plan of power increase

20

Power Projection in MR Upgrade Plan

S. Igarashi, et. al.,
PTEP vol 2021,
Issue.3,p33  

7

⑦ 1.32  1.16 s cycle

JFY

① Magnet 
Power Supply 
upgrade
2.48  1.32 s cycle

② 2nd harmonic RF cavities

③ RF system upgrade

④ Collimator system 
⑤ Injection/FX system
⑥ Beam Monitors (BPM 
circuits)

515 kW

1.3 MW
●：Plan
〇：Achieved

By JFY2023
the beam power trend was mostly along with the plan.

By Summer 2024
710 760  810 kW operation

seeking less beam loss with optics improvement

JFY2024 - JFY2028
For 1.3 MW (JFY2028)
“1.36  1.16 s cycle” & “More protons/pulse”

Partial changes to the plan to address issues identified 
after the start of high repetition operations, rising 
prices and longer delivery times for components.

Original power projection
in MR Upgrade Plan

Yoichi Sato (ACCL KEK/J-PARC)2024/06/05

760 kW achieved already and 800 kW last week!
Further beam power increase requires:
• Seeking beam loss with optics improvements
• More protons/pulse by upgrading RF system
• Further beam intensity increase will be done by 1.36 à 1.16 sec cycle

cycle

Insight through Accelerators.

~570 members, 78 Institutes, 14 countries (incl. CERN)

High power neutrino beam; ~760kW (achieved)→ upgrade up to 1.3MW 2

J-PARC/T2K program 

HK 
IWCD

Large CP violation is expected from the 
current T2K data.

Smooth Start is crucial

3 layers of detector
Beam power 
Calibration / BG
+ Physics from SK



Near Detectors: ND280 and IWCD
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• CPV: difference in 𝑃 𝜈% → 𝜈& and 𝑃 �̅�% → �̅�&
• Statistical uncertainty of 𝜈% → 𝜈& and �̅�% → �̅�&

– ~5% for 3 years, ~3% in 10 years
• T2K-ND280 demonstrated that systematics on fluxes and 

cross-sections can be controlled to ~3-4% 
• Further improvements are expected in HK thanks to the 

combination of ND280 Upgrade and IWCD

total 𝜈! → 𝜈" �̅�! → �̅�" Beam 𝜈" , �̅�" NC Other BG

Neutrino Mode (0+1 decay e) 2785.33 81% < 1% 12% 6% < 1%
Anti Neutrino Mode (0 decay e) 1542.72 15% 51% 24% 10% < 1%

Number of single ring e-like events in 10 years（𝜈: �̅� = 1: 3, 𝛿!" = −90°）

Wrong sign component: 15% è
Will be measured by magnetized detector ND280

Beam 𝜈& , �̅�& & NC background: ~30% è
Will be measured by IWCD, at 2.5 degree OAA

!(#!)/!(#")
!(&#!)/!(&#")

xsec ratio è Will be measured

by IWCD off-axis angle (OAA) span (next page) 

Successful upgrade for T2K: large acceptance and 
short track by hadrons to reduce systematic errors.
à Super-FGD, High-angle TPC
Full operation started in the current T2K run!

cf. recent progress: T2K talk by C. Giganti
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mPMT Photoshoot

5

~50m

Intermediate Water Cherenkov Detector (IWCD)

22

Measurements at IWCD with OAA 1.7°-4.0°
• 𝜎(𝜈#)/𝜎(𝜈$), 𝜎(�̅�#)/𝜎(�̅�$)

– 3-4% accuracy at 600 MeV (work in progress)
• Background (beam 𝜈#, NC) for 𝜈$ → 𝜈#

– Same flux at 2.5 deg. off axis for Hyper-K
• Correlation 𝑝% , 𝜃% ↔ 𝐸&

– Combination of data with different off-axis angles
~800m from the target

Detector site secured, depth & diameter proposed.
• 8.8 m detector diameter, and 7 m diameter for the inner 

volume. Entire mass ~ 600 ton.
• Multi-PMTs are useful for resolving vertices close to the 

wall and accurate particle identifications.
• Basic design is ongoing, and installation procedure is 

being considered.
• International contributions welcome!



Summary
• Hyper-K will play a central role in exploring the future of particle physics 

and contribute to the future of astronomy. Expectations in 10 yrs HK:

• The highlight of the civil construction, the dome excavation, was completed. 
Detailed design of tank lining and photosensor support structure completed.

• 50 cm PMT delivery is ongoing and on schedule.

• Beam intensity increase/IWCD construction is on the way.

• Data-taking is expected to start in 2027! 23

• Mass ordering: 3.8-6.2s depending on sin2q23
• CP violation: 5s discovery, > 60%
• Proton decay: pàe+p0: ~6x1034 yrs etc.
• > 3s sensitivity for the solar n spectrum up-turn
• ~70k events @10 kpc supernova
• ~4 events/yr diffuse supernova neutrino background



Poster presentations
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1. Recent T2K oscillation analysis results and Hyper-K sensitivity to 
accelerator neutrino oscillations (D. Carabadjac)

2. The intermediate Water Cherenkov Detector for the 
Hyper-Kamiokande Experiment (L. Cook)

3. Diffuse Supernova Neutrino Background: Insights from Super-
Kamiokande & Prospects with Hyper-Kamiokande (A. Beauchene)

4. Enhanced Event Reconstruction at Hyper-Kamiokande and WCTE using 
Graph Neural Networks (A. Ershova, C. Quach)

5. Neutrino Beam Simulations for the Hyper-Kamiokande 
experiment and target alternatives (L. N. Machado ) 

6. Large scale measurement of the performance of the Hyper-Kamiokande 
50cm PMTs (C. Bronner)


