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Hyper-Kamiokande

• Next generation water Cherenkov detector 
• Filled with 260kton of ultra-pure water

• Fiducial mass: ~190kton 
• ~8 x Super-K 

• Photo-coverage: 20% (Inner Detector) 
• ~20,000 of new ϕ50cm PMTs

• x2 higher photon sensitivity than Super-K PMT 

• The detector construction began in 2020

• Aim to start operation in 2028
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Hyper-K collaboration

4

~630 members (as of March 2025) 
•  105 institutes

•  22 countries


Two host institutes:

• U.Tokyo for HK detector

• KEK J-PARC for beam/ND

Collaborating Institutes



96 III HYPER-KAMIOKANDE DETECTOR

2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.
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2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20
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• 1光子感度２倍、時間精度２倍を達成。
• 検出器の性能・物理感度に非常に大きな
インパクト。
• 感度を変えずに検出器を小さくできる可
能性が出てきた。

新型光センサー

Super-K PMT

Hyper-K PMT

1光
子
検
出
効
率

光入射位置（度）
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2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20

ー Hyper-Kー Super-K
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5

New ϕ50cm PMT for Hyper-K

• Twice better photo-detection 
efficiency than SK PMTs


• Timing resolution (TTS): 1.1ns

• cf. SK PMT: 2.1ns


• Hyper-K = established detector technique + 
new technology (photo-sensor)
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Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13
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while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19
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Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17
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F Photosensors 93

Shape Hemispherical

Photocathode area 50 cm diameter (20 inches)

Bulb material Borosilicate glass (⇠ 3 mm)

Photocathode material Bialkali (Sb-K-Cs)

Quantum e�ciency 30 % typical at � = 390 nm

Collection e�ciency 95 % at 107 gain

Dynodes 10 stage box-and-line type

Gain 107 at ⇠ 2000 V

Dark pulse rate ⇠ 8 kHz at 107 gain (13 Celsius degrees, after stabilization for a long period)

Transit time spread 2.7 nsec (FWHM) for single photoelectron signals

Weight 7.5 kg (without cable)

Volume 61,050 cm3

Pressure tolerance 9 kg/cm2 water proof

TABLE XV. Specifications of the 50 cm R12860-HQE PMT by Hamamatsu.

2.1.2. Detection E�ciency

The total detection e�ciency of the HQE B&L PMT is twice as high as the conventional R3600

(Super-K PMT). Figure 57 shows the measured quantum e�ciency (QE) of several HQE B&L

PMTs as a function of wavelength compared with a typical QE of the Super-K PMT in dotted

line. After several iterations to improve the QE of the large 50 cm bulb by Hamamatsu, a QE of

30% was achieved at peak wavelength of 390 nm, compared to the 22% of the Super-K PMT.
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FIG. 57. Measured QE for six high-QE R12860 (solid lines) and a normal R3600 (dashed line).

If the sensitive photocathode area with a collection e�ciency (CE) greater than 50% is com-

pared, the HQE B&L PMT has an increased area with a diameter of 49.2 cm, compared to 46 cm

in case of the Super-K PMT and 43.2 cm in the KamLAND PMT. Compared with 73% CE of the

94 II.2 HYPER-KAMIOKANDE DETECTOR

Super-K PMT within the 46 cm area, the HQE B&L PMT reaches 95% in the same area and still

keeps a high e�ciency of 87% even in the full 50 cm area. This high CE was achieved by optimizing

the glass curvature and the focusing electrode, as well as the use of a box-and-line dynode. In the

Super-K Venetian blind dynode, the photoelectron sometimes misses the first dynode while the

wide first box dynode of the box-and-line accepts almost all the photoelectrons. This also helps

improving the single photoelectron (PE) charge resolution, which then improves the hit selection

e�ciency at a single PE level. By a measurement at the single PE level, we confirmed the CE

improvement by a factor of 1.4 compared with the Super-K PMT, and 1.9 in the total e�ciency

including HQE. Figure 58 shows that the CE response is quite uniform over the whole PMT surface

in spite of the asymmetric dynode structure.

A relative CE loss in case of a 100 mG residual Earth magnetic field is at most 2% in the worst

direction, or negligible when the PMT is aligned to avoid this direction on the tank wall. The

reduction of geomagnetism up to 100 mG can be achieved by active shielding by coils.
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FIG. 58. Relative single photoelectron detection e�ciency as a function of the position in the photocathode,

where a position angle is zero at the PMT center and ±90� at the edges. The dashed line is the scan along

the symmetric line of the box-and-line dynode whereas the solid line is along the perpendicular direction of

the symmetric line. The detection e�ciency represents QE, CE and cut e�ciency of the single photoelectron

at 0.25 PE. A HQE B&L PMT with a 31% QE sample shows a high detection e�ciency by a factor of two

compared with normal QE Super-K PMTs (QE = 22%, based on an average of four samples).

Quantum Efficiency (QE)� Total Detection Efficiency of 1pe�

22% → 30% at peak�
and Collection Efficiency (CE)  
73% → 95% (46cmΦ area)�

In total, detection efficiency 
  (=QE x CE x 1pe hit discrimination) 
                       becomes double.�

high-QEs (HQE)�

SK�
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Hyper-K: multi-purpose detector
• Wide-variety of scientific goals:

• Nucleon decay
• Probing grand unification

• Accelerator and atmospheric 
neutrinos

• Neutrino CP violation
• Neutrino mass ordering, mixing angles, 

mass difference
• See arXiv:2505.15019 for details

• Astrophysical neutrinos
• Solar 𝝼, supernova burst 𝝼, supernova relic 

𝝼, dark matter, …

6~3.5 ~20 ~1
Solar ν

MeV
Supernova ν

GeV TeV

Atmospheric ν

~100
Proton-decay

Dark matter ν

Accelerator ν

Supernova Sun

Accelerator Atmospheric

p-decay



Nucleon decay search

• World leading sensitivity for nucleon decay searches
• Large detector mass
• Able to use free protons to avoid problems of nuclear effect
• High-efficiency background reduction using neutron-tagging 

thanks to new 50cm PMTs
• 3σ discovery potential reaches 1035 years for p→e+π0 

and 3×1034 years for p→𝝼K+ after 20 years 7

12Search for nucleon decay

➢ One of the main physics goals of Hyper-K is to search for nucleon decay predicted 
by a number of grand unifying theories

➢ World leading sensitivity for proton decay searches: large mass and can use free 
protons to avoid problems of nuclear effects

➢ 3σ discovery potential reaches half-life of 1035 years for p→e+π0 and 3x1034 years for 
p→νK+ after 20 years

3σ discovery potential as a function of time

p→e+π0 p→νK+

Hyper-K
Super-K
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➢ One of the main physics goals of Hyper-K is to search for nucleon decay predicted 
by a number of grand unifying theories

➢ World leading sensitivity for proton decay searches: large mass and can use free 
protons to avoid problems of nuclear effects

➢ 3σ discovery potential reaches half-life of 1035 years for p→e+π0 and 3x1034 years for 
p→νK+ after 20 years

3σ discovery potential as a function of time

p→e+π0 p→νK+

Hyper-K

Super-K

3σ discovery potentialProton Decay

24

https://doi.org/10.1016/j.nuclphys
b.2023.116268

• Dominant in many GUT models 
• Hyper-K can significantly extend the 

sensitivity beyond the current limits from SK
• Two modes: 𝑝 → ҧ𝑣𝐾+ and 𝑝 → 𝑒+𝜋0 

HK arXiv:1805 04163 
DUNE arXiv:2002.03005 
JUNO arXiv:1508.07166

10.3204/DESY-THESIS-2013-031

𝐾+



Neutrino CP violation

• J-PARC accelerator neutrino beam upgrade: 
continuous beam power at 1.3 MW expected by 
start of Hyper-K data taking
• Already performed 830kW continuous operation (T2K)

• With the combination of the gigantic detector and 
the high intensity beam, the CP conservation 
hypothesis can be excluded within 3 years for 
most favorable case (normal mass ordering, 
δCP=-π/2, assuming improved systematic errors)

8

𝜈𝜇
𝜈𝑒

295 km

arXiv:2505.15019 
for more details



HK construction timeline

    HK construction major milestones:
• JFY 2025: HK cavern excavation completed
• JFY 2026: HK tank lining construction complete
• JFY 2027: PMT installation complete → water filling
• JFY 2028: Start of the operation 9

Today



HK large underground cavern

10

HK

• The HK large underground cavern excavated ~600m 
beneath the summit of the Kamioka mine

• The HK cavern is one of the largest man-made 
spaces ever excavated in bedrock

~600m
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spaces ever excavated in bedrock

~600m

 

 2 / 3 

testing the ideas of Grand Unified Theories. The Hyper-K project officially began in February 2020 
with the allocation of its initial-year budget. 
 
The Hyper-K main cavern consists of a dome-shaped ceiling section approximately 69 meters in 
diameter and 21 meters high, followed by a cylindrical portion that is 73 meters in height located 
just below. The cavern is one of the largest man-made spaces ever excavated in bedrock. The 
construction site features Hida Gneiss, one of Japan's most robust bedrock formations. That said, 
the characteristics of the rock mass and the state of the in-situ stress within it significantly influence 
the stability of the cavern during excavation and even after completion. Prior to excavation, large-
scale geological surveys were conducted in fiscal year 2020, resulting in a total of 730 meters of 
bore holes as well as the excavation of new tunnels. Such surveys have been carried out since the 
project's earliest stages. Based on the results of these investigations, the cavern design work, 
which included decisions on its shape and wall reinforcement methods, was carried out in parallel 
with the excavation of tunnels leading to the construction site. 
 

 
Cross-sectional comparison of major underground rock caverns in Japan and abroad 

 
The dome section of the main cavern is crucial for structural stability as it supports a large vertical 
in-situ stress through a three-dimensional arch effect. After accessing the top of the dome section 
via a temporary spiral tunnel, starting in November 2022, the cavern space was expanded outward 
in stages while the ceiling was stabilized using shotcrete and prestressed anchors. To safely and 
efficiently carry out this challenging excavation work, which involved the risk of ceiling collapse, the 
cavern design and construction details were continuously updated based on geological information 
and real-time measurements of rock mass movement obtained during excavation. 
 
During the excavation of the cylindrical section, which began in October 2023, the efficiency of rock 
removal was a key factor influencing the pace of construction. To address this issue, a 3.4-meter-
diameter vertical shaft was pre-excavated in the center of the cylindrical section down to the access 
tunnel at it’s bottom. During excavation, generated waste rock was efficiently removed via this shaft 
and transported by dump trucks from the bottom level to the ground surface. The excavation, 
progressing in stages, was carried out swiftly with safety as the top priority. Although additional 
cavern wall reinforcement work, which required large-scale scaffolding, became necessary, the 
excavation of the main cavern, totaling approximately 330,000 cubic meters of rock, was completed 
on July 31, 2025, about six months behind the original schedule. 
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Hyper-K cavern excavation
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Hyper-K construction began in 2021

• Excavation work began in May 2021 12

Groundbreaking ceremony on May 28th, 2021



s

13

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

14

16m

17~19m

101m

July 13, 2023
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69m

HK cavern ‘dome section’ completed

21m
33

October 2023
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73m

 HK cavern excavation completed in July 2025 

July 31, 2025

33

69m



HK construction timeline

• HK cavern excavation completed
• HK tank lining construction has started
• Construction of the water purification system on-going
• Production and development of various detector 

components on-going 17

Today



Mass production of 50cm PMTs
• >15k φ50cm PMTs delivered (goal: 20k)

18



Getting ready for PMT/electronics installation

19
PMT and WLS plate 
for outer detector

6The Hyper-Kamiokande experiment
New calibration methods

➢ Use of water Cherenkov detector (PID, momentum, ...) well established in SK
➢ HK: high statistics, need good control of systematics, including detector response
➢ Detector will need to be understood with higher precision than SK
➢ A number of new calibration approaches, both in-situ and pre-measurements

Precise characterization of 50 cm PMTs
Photogrammetry

~800 Multi-PMTs (19 3” PMTs) in FD
200 equipped with LEDs (including 295 

and 305 nm for Raman scattering)

Photosensor Test Facility 
(TRIUMF)

PMT pre-calibration
(prototype)

Cameras in walls for precise PMT positions

PMT pre-calibration
Mock-up 

ID, OD PMT installation test
Mock-up 

black sheet installation test

50cm PMT cover
3

Basic informations

● total mass 258 t (187 t FV = 8.4 · Super-K)

● the largest ever human-built cavern!

● ~8 bars of water pressure at the tank bottom

– ~20 000 20''  PMTs in the Inner Detector (20% photocoverage)

– ~800 multi PMTs

– ~3600 3'' PMTs on Wave Length Shifter plates in the Outer
Detector (1m wide)

– 900 electronic modules in underwater vessels

stainless steel
frame

70 cm x 70 cm
grid

Tyvek and
black sheets Electronics under-water vessel



Summary
• Hyper-K is next generation water Cherenkov 

detector with wide-ranging potential for physics 
discoveries

• Neutrino CP violation, nucleon decay, astrophysical 
neutrinos, …

• Hyper-K construction towards operation in 2028
• Cavern excavation completed this July
• Tank lining construction has started
• Production and development of various detector 

components on-going
• J-PARC neutrino beam upgrade on-going

20



Backup!

21
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Hyper-K site
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• Hyper-K site locates in Kamioka, Japan


• ~8km south from Super-Kamiokande


• Identical baseline (295km) and off-axis angle (2.5deg) to T2K


