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Physics targets
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Long baseline neutrino experiment
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Search for CP violation in lepton sector
ハイパー
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Determination of CP phase
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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

DETERMINATION OF LEPTONIC CP PHASE !

• Precision measurement of !#$
• ~20° for !%& = −90° /  ~7° for !%& = 0°

• CP violation can be established with a statistical significance of 3*(5*) for 78%(63%) 
of the !%& parameter space.

• Reduction of systematic uncertainty has sizable impact
• Upgrade of ND280 + 1kton scale water Cherenkov (IWCD) to maximize the sensitivity

Fraction of !!" to exclude sin !!" = 0Precision of !!" measurement
1.3 MW x 6 months/yr x 10 yrs x 190 kiloton
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Projected sensitivity to CPV

Impact of syst. 
after 10yr

1.3MW x 6 months/y x 10 yrs x 190 kiloton
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Projected sensitivity to CPV

Impact of syst. 
after 10yr

Precision of CP phase measurement

1sigma error on δcp
~20 degree at δcp = 1/2π 
~7 degree at δcp = 0



Atmospheric neutrino
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Neutrino oscillation parameter determination, especially, mass ordering

Determination 
possible by ~5 years

2022/06/02 Linyan WAN @ NEUTRINO 2022 6

Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
Ordering

Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷ2

2

• sin2𝜃2ଷ

• 𝜈 appearance
• CP violation 𝛿
• Mass-ordering

Matter Effect
2022/06/02 Linyan WAN @ NEUTRINO 2022 6

Atmospheric Neutrino Oscillation

Normal
Ordering

Inverted
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Key measurements:

• 𝜈ఓ disappearance
• Δ𝑚ଷ2

2
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Earth 
matter 
effect



Astronomical neutrino search
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Hyper-K 

SN ν @ G.C. 

Solar ν 

Atmospheric ν 

MeV GeV TeV 

J-PARC ν 

Relic SN ν 

Astrophysical ν 

ν from DM? 

Challenges in neutrino research 
below 100MeV 

• Understanding backgrounds and 
their efficient reduction. 

• Muon spallation 
• Radioactive purity such as Radon 
• Precise detector calibration 
(vertex, energy, direction)



Fight against background
9Low-energy backgrounds in SK 
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SK-I: PRD73, 112001 

Solar n data reduction 
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Z 
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μ

π
n

msec-sec

16O
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Decay of 
radioisotope 

Muon flux is 5 times 
and the area is 4 times 
larger than Super-K 
site. (~40Hz in HK)

Radon in water, 
External gamma, etc.
Key issue  
• Cleanness 
• Water control



Solar neutrino
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-2.0% KamLAND best
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SK combined
2.3σ to zero

• Reduce spallation BG 
• Control water condition 
→ well understand the BG shape 
→ modeling of position dependence

Neutrino oscillation studies
Day-Night flux asymmetry Spectrum up-turn

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)
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SK-IV Energy Spectrum

Large stat. error in the first energy bin

• Enlarge fiducial volume
• Small BG

3.5-4.5 MeV 
8.8 kton

• Lowering threshold 
with low BG. 
→ low Rn water 
• Energy scale error 
→ detector calibration



Supernova neutrino (burst)
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Continuous operation, Success of DAQ at high rate

A Supernova 265
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FIG. 179. 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.

68,000 inverse beta decay events, 2,100 to 2,500 ⌫e-scattering events, 80 to 4,100 ⌫e+16O CC events,4817

and 650 to 3,900 ⌫̄e + 16O CC events, in total 52,000 to 79,000 events, for a 10 kpc supernova. The4818

range of each of these numbers covers possible variations due to the neutrino oscillation scenario4819

(no oscillation, N.H., or I.H.). Even for a supernova at M31 (Andromeda Galaxy), about 9 to 134820

events are expected at Hyper-K. In the case of the Large Magellanic Cloud (LMC) where SN1987a4821

was located, about 2,100 to 3,200 events are expected.4822

The observation of supernova burst neutrino and the directional information can provide an4823

early warning for electromagnetic observation experiments, e.g. optical and x-ray telescopes. Fig-4824

ure 180 shows expected angular distributions with respect to the direction of the supernova for four4825

visible energy ranges. The inverse beta decay events have a nearly isotropic angular distribution.4826

On the other hand, ⌫e-scattering events have a strong peak in the direction coming from the4827

supernova. Since the visible energy of ⌫e-scattering events are lower than the inverse beta decay4828

events, the angular distributions for lower energy events show more enhanced peaks. The direction4829

of a supernova at 10 kpc can be reconstructed with an accuracy of about 1 to 1.3 degrees with4830

Hyper-K, assuming the performance of event direction reconstruction similar to Super-K [251].4831

This pointing accuracy will be precise enough for the multi-messenger measurement of supernova4832

at the center of our galaxy, with the world’s largest class telescopes, i.e. Subaru HSC and future4833

~70k events

A Supernova 269
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FIG. 182. Detection rate modulation induced by SASI in Hyper-K 1 tank. Red line shows the theoretical

event rate estimation for the inverse beta decay reaction. Gray line shows a simulated event rate taking into

account statistical fluctuation. The SN progenitor mass is 27 solar mass. The direction to the detector is

chosen for strong signal modulation. This neutrino flux is adopted from [62].
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FIG. 183. Detection rate modulation produced by a rotating SN model in Hyper-K 1 tank. The SN

progenitor mass is 27 solar mass. The supernova rotational axis is orthogonal (red) and parallel (green)

with the direction to the earth. This figure is adopted from [242].

flux is well predicted and hardly a↵ected by the physics modelling of the EOS or the progenitor4900

mass [267, 268]. The number of event will be about 50% larger in IH case comparing to NH, after4901

20 ms from the core bounce. In the succeeding accretion phase, we will have another chance by4902

observing the rise-time of neutrino event rate. The mixing of ⌫̄X to ⌫̄e, will result in a 100 ms faster4903

rise time for the inverted hierarchy compared to the normal hierarchy case [269]. We will have fair4904

chance to investigate it for a supernova at the galactic center, see Fig. 181.4905

In Hyper-K, it could be possible to detect burst neutrinos from supernovae in nearby galaxies.4906

As described above, we expect to observe a very large number of neutrino events from a galactic4907

Galactic center (@10kpc)
onset time ~ 1ms. accuracy

Modulation by SASI with 
statistical fluctuation

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
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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)

10 10
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FIG. 180. Angular distributions of a simulation of a 10 kpc supernova with 1 tank. The plots show a

visible energy range of 5-10 MeV (left-top), 10-20 MeV (right-top), 20-30MeV (left-bottom), and 30-40 MeV

(right-bottom). The black dotted line and the red solid histogram (above the black dotted line) are fitted

contributions of inverse beta decay and ⌫e-scattering events. Concerning the neutrino oscillation scenario,

the no oscillation case is shown here.

LSST telescope [252].4834

4835

1.3. Physics impacts The shape of the rising time of supernova neutrino flux and energy4836

strongly depends on the model. Figure 181 shows inverse beta decay event rates and mean ⌫̄e4837

energy distributions predicted by various models [250, 253–258] for the first 0.3 sec after the onset4838

of a burst. The statistical error is much smaller than the di↵erence between the models, and4839

so Hyper-K should give crucial data for comparing model predictions. The left plot in Fig. 18148404841

shows that about 150-500 events are expected in the first 20 millisecond bin. This means that4842

the onset time can be determined with an accuracy of about 1 ms. This is precise enough to4843

allow examination of the infall of the core in conjunction with the signals of neutronization as well4844

as possible data from future gravitational wave detectors. Our measurement will also provide an4845

opportunity to observe black hole formation directly, as a sharp drop of the neutrino flux [259].4846

We can use the sharp rise of the burst to make a measurement of the absolute mass of neutrinos.4847

SN direction

pointing accuracy  
~1 deg.
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FIG. 179. 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.

68,000 inverse beta decay events, 2,100 to 2,500 ⌫e-scattering events, 80 to 4,100 ⌫e+16O CC events,4817

and 650 to 3,900 ⌫̄e + 16O CC events, in total 52,000 to 79,000 events, for a 10 kpc supernova. The4818

range of each of these numbers covers possible variations due to the neutrino oscillation scenario4819

(no oscillation, N.H., or I.H.). Even for a supernova at M31 (Andromeda Galaxy), about 9 to 134820

events are expected at Hyper-K. In the case of the Large Magellanic Cloud (LMC) where SN1987a4821

was located, about 2,100 to 3,200 events are expected.4822

The observation of supernova burst neutrino and the directional information can provide an4823

early warning for electromagnetic observation experiments, e.g. optical and x-ray telescopes. Fig-4824

ure 180 shows expected angular distributions with respect to the direction of the supernova for four4825

visible energy ranges. The inverse beta decay events have a nearly isotropic angular distribution.4826

On the other hand, ⌫e-scattering events have a strong peak in the direction coming from the4827

supernova. Since the visible energy of ⌫e-scattering events are lower than the inverse beta decay4828

events, the angular distributions for lower energy events show more enhanced peaks. The direction4829

of a supernova at 10 kpc can be reconstructed with an accuracy of about 1 to 1.3 degrees with4830

Hyper-K, assuming the performance of event direction reconstruction similar to Super-K [251].4831

This pointing accuracy will be precise enough for the multi-messenger measurement of supernova4832

at the center of our galaxy, with the world’s largest class telescopes, i.e. Subaru HSC and future4833

Reach to ~Mpc

Continuous operation, BG free



Supernova neutrino (diffuse)
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dE

dt
dz

dz

 SN rate  SN ν emission 

 ΛCDM, cosmic expansion 

∋∋

Neutrinos emitted from past supernovae ~O(1018)
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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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Number of expected signals
HK 

Eth=16MeV

JUNO 
Eth=12MeVSK-Gd 

Eth=10MeV

Background reduction is the key 
• Optimization of spallation cut 
→ Energy threshold? 
• Neutron tagging with 2.2MeV γ



Proton decay
14

Fiducial volume is 8 times larger than Super-K

Year  
2020 2030 2040

 [y
ea

rs
] 

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)

8

3 sigma discovery potential
~ 6 x 1034 years ~ 2 x 1034 yearsHK 10 years 

sensitivity:



Detector construction



Time line
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2025 Construction of Tank Liner 
2026 Installation of PMTs and Electronics 
2027 Operation starts

OVERALL SCHEDULE
Jan. 2025
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Design

Excavation

Upgrade

Tank lining Structure Construction

Installation

Operation

Construction

Production
ProductionDesign

Production AssemblyDesign
ProductionDesign Assembly

Assembly

ProductionDesign Assembly
Water 
filling

• 2025 Construction of Tank Liner 
• 2026 Installation of PMTs and Electronics
• 2027 Operation starts

12



Excavation
17

Complete in 2025  
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Tank construction
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Mock up test for the support structure



20 inch PMT
19

• Purchased ~13000 PMTs so far. 
• Screening test is on going for the 
confirmation that the quality does not 
depend on the production period. 

• Total 20,500 PMTs will be available by 
Sep. 2026. 

• Long term measurement is underway to 
calculate the failure rate of PMTs, with 
100PMTs in operation for six months.



Cover for 20 inch PMT
20

• If a PMT is damaged, chain implosion could lead 
to the loss of most of the PMTs. The cover 
prevents chain implosion. 

• Developed in cooperation with Japan and Spain. 
• Demonstrated capability to prevent chain 
implosion in this January. 

• Production will start within this year. 
• PMT and cover assembly workflow will also be 
established in cooperation with Japan and Spain.



Electronics
21
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• Front-end electronics placed in underwater vessel. 
• Development shared among 8 countries. 
• Working on a system test in/out of the water. 
• Design will be finalized within this fiscal year.

Status of the project
Electronics

37

24 PMTs

Image by benzoix on Freepik 

HV
Hit signal

DAQ system, master clock

Hit data, etc

Common clock
Power supply
Slow control

2 digitizer boards

Data handling board
Underwater vessel

HV power supply

• Front-end electronics placed in underwater vessel. 
• Analog FE designed to take full advantage of the improved PMT 
performance. 

• Design being finalized. 
Working on a system test 
in/out of the water.



Summary
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• Hyper-Kamiokande is a next generation of multi-purpose water Cherenkov 
detector and will play a central role in particle and astro physics. 

• Neutrino oscillation : CP violation in lepton sector by long baseline neutrino 
experiment, mass ordering by atmospheric neutrinos, precise validation of 
MSW effect by solar neutrinos, and so on. 

• Neutrino astronomy : Supernova neutrinos; from explosion in nearby galaxy, 
from explosions around Mpc, and diffuse neutrinos from past explosions. 

• Nucleon decay, indirect dark matter, etc. 
• Construction is currently underway. We are making our best efforts to start 
operation.

Stay tuned!


