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Water Cherenkov experiments in Japan

Kamiokande  
(1983-1996)

Super Kamiokande  
(1996 – 2020 : Pure water )
(2020 - :  Gd loaded)

Hyper Kamiokande  
(2028 - )

16 m

16 m

41.4 m

39.3 m

71 m

   68 m
Total mass : 3 kton
Fiducial mass : 680 ton 

Total mass : 50 kilo ton
Fiducial mass : 22.5 kilo ton
 ID  : 11146, 20 inch PMTs 
 OD :  1885, 8 inch PMTs    

Total mass : 258 kilo ton
Fiducial mass : 188 kilo ton 
Fiducial Volume : 8.4 X Super-K FV
ID : 20000, 20 inch PMTs; 800 multi-PMTs 
OD :  3600. 3 inch PMTs
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- 20% coverage
- 50 cm PMT
- Atmospheric and solar 
neutrino “anomaly” 
- Supernova 1987A  
- 2002 Physics Nobel for 
Masatoshi Koshiba

- 40% coverage; 50 cm PMT
-  Solar neutrinos, constraints    
    on proton decay, DSNB 
- Far detector for T2K
-  Discovery of atmospheric       
    neutrino oscillations
- 2015 Physics Nobel for 
   Takaki Kajita
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Earth’s 
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Measurement of neutrino oscillation 
parameters with accelerator & 
atmospheric neutrinos: 
   
  - Leptonic CP phase : discovery 
    & precision measurement
  - Neutrino mass hierarchy
  - Precision measurement of θ23 & 
    |Δm2

32|



Studies of 3-flavour neutrino oscillation parameters at HK

Current status of neutrino oscillation parameters

https://doi.org/10.1038/s41586-020-2177-0
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Accelerator neutrinos at HK 
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Neutrino oscillation probabilities at L = 295 km

➢ Sensitivity to sin2(2θ23), |Δm2
32|   
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➢ Sensitivity to sin2(2θ13), sin2θ23 (θ23 octant)
➢ Sensitive to CP phase δCP

L = 295 km “not very long” →  δCP effect dominates compared to that of mass ordering(~<27% vs ~10%)



Exposure and samples for sensitivity studies
➢ 2.7 × 1021 Protons-On-Target (POT) per calendar year
➢ FHC : RHC ratio = 1:3
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sin2θ12 Δm2
21

(eV2)
sin2θ23 Δm2

32

(eV2)
sin2θ13 δCP Mass 

ordering

0.307 7.53x10-5 0.528 2.509 x 10-3 0.0218 -1.601 
rad

Normal

Central values of oscillation parameters 
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➢ 10 years of statistics with 
27 × 1021 POT (6.75 × 1021 POT  
in FHC & 20.25 × 1021 POT in RHC)

https://doi.org/10.48550/arXiv.2505.15019 

https://doi.org/10.48550/arXiv.2505.15019


Sensitivity to CP Violation with true mass ordering known as normal 

➢ True δCP = −π/2 : 5σ discovery of 
CPV in ≤3 years 

➢  True δCP = −π/4 : 5σ discovery of 
CPV in < 6 years with improved 
systematics 

Systematics impact the 
speed of CPV discovery

~50%

~70%

➢ CPV discovery at 5σ for 60% of true δCP values 
with 10 years exposure -> With improved 
systematics 

➢ CPV sensitivity most degraded by uncertainty 
on σ (νe)/σ (νē) cross-section ratio. 10



Precision on δCP with true mass ordering known as normal 

10 years exposure
2.7×1022 POT 

FHC:RHC = 1:3

➢ Precision on δCP depends on 
   - the true value of δCP : better precision for CP conserving values
   - systematic uncertainties
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➢ δCP = ±π/2 : cosδCP = 0 -> derivative -sinδCP is maximal 
➢ Precision of δCP : dominated by cosδCP induced shape effects on energy spectra 
➢ Systematic effects related to the neutrino reconstructed energy

Impact of systematics on the 
resolution of δCP with true mass ordering known as normal 
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Experimentally 
constrain the relevant 
uncertainties with 
ND280++ & IWCD.



Constraints on 2–3 oscillation parameters
Ability to exclude wrong octant of θ23

10 years exposure
2.7×1022 POT 

FHC:RHC = 1:3

Precision on θ23 & Δm2
32 
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Degeneracy of δCP with mass ordering
➢ Sensitivity to CPV is degraded in degenerate 

regions if mass ordering is unknown.

➢ Mass ordering can be determined 
independently by atmospheric neutrino 
samples. -> Help to lift the degeneracy.
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Degeneracy of δCP with mass ordering
➢ Sensitivity to CPV is degraded in degenerate 

regions if mass ordering is unknown.

➢ Mass ordering can be determined 
independently by atmospheric neutrino 
samples. -> Help to lift the degeneracy.

From a previous analysis 

➢ Joint fit of 10 years of beam and 
atmospheric neutrinos can give 5σ 
discovery potential in both regions. 

➢ New HK beam + atmospheric joint fit 
going on -> Based on SK + T2K joint 
fit Phys. Rev. Lett. 134, 011801
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Atmospheric neutrinos in HK
Earth matter effects on neutrino propagation

 GF = Fermi constant 
 ne = electron number 
        density in matter
 ρ = the matter density

True normal hierarchy

Δm2
32 = 2.5 × 10−3 eV2, sin2θ23 = 0.5, 

sin2θ13 = 0.0219 & δCP = 0o

16

~80 atmospheric 
neutrino events/day 



Oscillated νe flux relative to the unoscillated flux vs Eν (GeV); cosΘν = −0.8

Effect of 
sin2θ23

No resonance 
for IH

Effect of δCP

17



Sensitivities with atmospheric neutrino events

True NH
True IH
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Status of the experiment - Schedule
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Far detector
➢ Detector cavern : completed 

on July 31, 2025.

https://www-sk.icrr.u-tokyo.ac.jp/en/news/detail/1006

➢ Photodetectors

➢ Mass production of 20'' 
(ID) PMTs : 
  ~15000 PMTs delivered 
& tested : QA, signal 
check, visual check 
 - QA shift by collaborators

➢ 2 dark rooms in Kamioka,   
  each for 100 PMTs

➢ Tests of underwater 
electronics in 
Kamioka & CERN

20



Summary and conclusions
➢ Hyper-K is a next generation neutrino detector that can detect neutrinos from 

particle accelerators, Earth’s atmosphere, the Sun and supernovae and probe 
proton decay.

➢ With 10 years of exposure : 

    - Beam neutrinos : 2.7×1021 POT/year, FHC:RHC = 1:3 – 5σ discovery of 
CPV within a few years with improved systematics 
    -  joint analysis with atmospheric neutrinos to lift the δCP  - mass ordering 
degeneracy. 

➢ Currently the preparations are going on (construction of the facility, testing of 
detector components etc) 
 -  JPARC beam and near detectors have been upgraded 
 -  New Intermediate Water Cherenkov detector to further constrain 
systematic uncertainties 

➢ Will start data taking in 2028. 
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Thank you



Backup slides



Different sources of neutrinos 

➢ Currently being detected and studied 
by different types of neutrino detectors
across the World. 

➢ One main category of neutrino detectors 
: Water Cherenkov Experiments
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 Consecutive ND+FD fit 
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Beam power : 0.83 MW achieved in 2025  -> 1.3 MW in 2028

Reduction in beam loss

Beam focusing current from 250 kA -> 320 kA
Increase in (anti-)neutrino flux by ~10-12% ; reduction in wrong-
sign antineutrino (neutrino) contamination by 5-10%.



Upgrade of JPARC beam facility

➢ Beam power : 0.83 MW achieved in 2025 
-> 1.3 MW in 2028

➢ Cycle time 1.36 s (in 2025) -> 1.16 s 
 -> Reduction in beam loss

➢ Magnetic horns power supply 
replacement : beam focusing current 
from 250 kA -> 320 kA. 

➢ Increase in (anti-)neutrino flux by ~10-12% ; 
reduction in wrong-sign antineutrino (neutrino) 
contamination by 5-10%.

Upgrade of ND280

Part of T2K operational from 2024
New Detectors
◦ SFGD
◦ HA TPCs
◦ Time Of Flight
Constrain predictions for far detector
  -  Measure flux x cross section

Magnetised : to measure wrong sign backgrounds

Contraints and development of cross section models 
via detailed kinematic measurements
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ND280
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Intermediate Water Cherenkov detector (IWCD)

30

➢ Work on the vertically movable water 
Cherenkov 
detector facility at 850 m from the target has 
begun. 

➢ Will measure : 
  -  electron (anti)neutrino cross section 
  - intrinsic electron-like background events 
at 2.5◦

   - feed-down of muon neutrino events from 
higher energy to lower reconstructed energy.

➢ Same target material and detector technology 
as the far detector .

➢ Off-axis angle can be varied via vertical 
movement :
   -  access to different neutrino energy 
ranges & fluxes 
   - increase in statistics at higher neutrino 
energies (constrain non-QE interactions)
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https://indico.cern.ch/event/981823/contributions/4295370/attachments/2250599/3817673/iwcd_tipp2021_mhartz.pdf



32
https://indico.cern.ch/event/981823/contributions/4295370/attachments/2250599/3817673/iwcd_tipp2021_mhartz.pdf



sin2θ12 Δm2
21

(eV2)
sin2θ23 Δm2

32

(eV2)
sin2θ13 δCP Mass 

ordering

0.307 7.53x10-5 0.528 2.509 x 10-3 0.0218 -1.601 
rad

Normal

Central values of oscillation parameters and nominal number of events

➢ Expected number of events at HK after 10 years of statistics with 27 × 1021 POT 
(6.75 × 1021 POT in FHC & 20.25 × 1021 POT in RHC)

33



Sensitivity to proton decay in HK

https://agenda.infn.it/event/45476/contributions/261687/attachments/133726/199931/Calabria_PISA_2025.pdf
34



https://agenda.infn.it/event/45476/contributions/261687/attachments/133726/199931/Calabria_PISA_2025.pdf

https://indico.kit.edu/event/4294/contributions/17219/attachments/8084/13058/BLV2024_HK_Takhistov.pdf
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Experimental search for proton decay

➢ Predicted proton lifetimes > 1030 years 
Age of the Universe: ~1010 years

➢ Impossible to observe a single proton for a long time. 
Observe ≥1030 protons for relatively shorter time

➢ Large scale water Cherenkov detectors :
  H2O -> cheap & abundant
 10 protons per molecule; 2 are free (no nuclear momentum)
 Easily scalable detectors
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https://indico.kit.edu/event/4294/contributions/17219/
attachments/8084/13058/BLV2024_HK_Takhistov.pdf

https://agenda.infn.it/event/45476/contributions/261687/
attachments/133726/199931/Calabria_PISA_2025.pdf 37

https://indico.kit.edu/event/4294/contributions/17219/
https://agenda.infn.it/event/45476/contributions/261687/


Neutrino astrophysics



Supernova interactions in HK

https://agenda.infn.it/event/27159/contributions/191103/attachments/105943/149045/SNvD_HK_GDR.pdf
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K. Abe et al 2021 APJ 916 15 
40

True energy spectra of prompt 
events in the full inner detector

10 kpc SN 

Expected no:of events vs SN distance

Totani et al model Totani et al model

Solid (dashed) lines  : Normal (inverted) mass ordering

Supernova burst neutrinos



K. Abe et al 2021 APJ 916 15 

41



K. Abe et al 2021 APJ 916 15 
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Diffuse Supernova Background (DSNB)

➢ Extra-galactic neutrinos from past supernovae -> undiscovered yet
➢ Carry convoluted information of : 

 - Supernova burst neutrino spectrum (SN temperature, extraordinary SN)
 - History of star formation rate = evolution of the universe

➢ Super-K (Gd) : 2.3σ excess for DSNB with (5823 days SK + 956 days of SK-Gd)
[https://indico.cern.ch/event/1258933/contributions/6485831/attachments/3105018/5503253/20250716_Harada_v3.pdf]

➢ DSNB search is limited by background: 
    - from spallation in low energies
    - from atmospheric neutrinos in high energies
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https://indico.cern.ch/event/1258933/contributions/6485831/attachments/3105018/5503253/20250716_Harada_v3.pdf
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Solar neutrinos 

https://indico.cern.ch/event/1258933/contributions/6485844/ 45
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Solar neutrinos 
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Hyper-K sensitivities at a glance
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Recent results from T2K 

T2K plenary talk NUFACT 2025
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Recent results from SK+T2K 

T2K plenary talk NUFACT 2025
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Recent results from NOνA

NOνA plenary talk NUFACT 202551



NOνA plenary talk NUFACT 2025
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      Joint analysis of T2K + NOνA

53T2K plenary talk NUFACT 2025



      Joint analysis of T2K + NOνA

T2K plenary talk NUFACT 2025
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IceCube

IceCube plenary talk NUFACT 2025
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Atmospheric neutrino results from SK I-V with increased fiducial volume

PHYS. REV. D 109, 072014 (2024)
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Atmospheric neutrino results from SK I-V with increased fiducial volume

PHYS. REV. D 109, 072014 (2024)

57
Analysis with constraints on sin2θ13 favors 
normal mass ordering 92.3% level.
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