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THE HYPER-KAMIOKANDE EXPERIMENT

The next-generation Water Cherenkov experiment in Japan

* Builds on the successful approaches _ N
used in T2K and Super-Kamiokande Many improvements to

Increase sensitivity!

TOYAMATRY
P

'FAR DETECTOR

Credi’?s: Lorenzo Périssé (ILANCE) = v - 2



P
=
LL
O
<
-
2.
O
2
>=
L
a

r

(‘

‘_

era

-

D

A

MM I Ty

e b A
s P e FE

Electron
1Elecrton neutrino

2 Muon
neutrinos

Cosmic ray
-
.

Pions

Air nucleus
-



NEUTRINO OSCILLATION: EVENT RATES

Candidate events

v Expecting ~(25-100)X larger event samples compared with T2K v, disapp. | ve app.
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Vv Ratio of 1:3 for v : ¥ modes


https://link.springer.com/article/10.1140/epjc/s10052-025-14938-9

NEUTRINO OSCILLATION: o,p SENSITIVITY

v Ocp is currently unconstrained; measurements imply broad range of permissible values

Statistical errors only — Statistics only [Tl
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v Controlling v,/U, cross-section systematic uncertainties is vital
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e Aim to reduce ~5% to ~3%
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NEUTRINO OSCILLATION: 0,; AND Am322 SENSITIVITY

v 6,5 octant ambiguity unresolved; Am322 currently known to ~1%
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Eur. Phys. J. C 86, 170 (2026)

v’ After 10 years: wrong octant excluded at 3o for

sin“6,, € [0, 0.47]U [0.55, 1]
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v Am322 precision reaches ~0.3 — 0.5%

N
True sin“0,,


https://link.springer.com/article/10.1140/epjc/s10052-025-14938-9

NEUTRINO OSCILLATION: ATMOSPHERIC NEUTRINOS
v' Neutrino mass ordering remains unknown

Inverted: m; <m; <m,
v/ ~80 events per day (all flavour of v & 1)

v Wide range of neutrino energy (sub-GeV — TeV) & baseline (10km — 10,000 km)

provide an excellent opportunity to study various properties of v | |
Hyper-K Design Report, arXiv:1805.04163 (2018)
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https://arxiv.org/pdf/1805.04163

ASTROPHYSICS: SOLAR NEUTRINOS

v Expecting ~5 8B v interactions/hr

v Search for solar ‘upturn’ in v, survival probability due to MSW transition = > 3¢ in 10 years

V' Can probe the tension between solar and reactor determinations of Am221 seen at JUNO
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ASTROPHYSICS: SUPERNOVA BURST

V' Detectable @ 770 kpc (= M31)
V' High statistics @ 10 kpc (= galactic center); 70,000 events
e Sensitive to explosion mechanism & BH/NS formation, providing model disc. power

* Alert with ~1° pointing accuracy for multi-messenger observation
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https://iopscience.iop.org/article/10.3847/1538-4357/abf7c4

ASTROPHYSICS: DIFFUSE SUPERNOVA NEUTRINO BACKGROUND

Hyper-K Design Report, arXiv:1805.04163 (2018)
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v Expect a DSNB flux of ~ a few De/cmz/s

v Super-K reports a first indication at 2.6  [K_Abe et.al.. ApJ. 1005:101 (2026)]

v Hyper-K could turn this indication into a measurable spectrum

— expects O(102) relic v after 10 years
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https://iopscience.iop.org/article/10.3847/1538-4357/ae6c20
https://arxiv.org/pdf/1805.04163
https://indico.global/event/15740/contributions/147459/attachments/71905/139580/dsnb_poster_neutrino2026_Santos.pdf

BEYOND STANDARD MODEL PHYSICS: PROTON DECAY

v' Nucleon decay is predicted by several Grand Unified Theories

— L1+ | Br=63.5%
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Year
v 10 years of Hyper-K probes 7,, ~ 107 yr
V' Will play the world-leading role: K. Abe et al, arXiv:2506.16641 (2025)

B etz': ~6x10* years in 10 years

« po> UK ~2X 107 years in 10 years

M


https://arxiv.org/abs/2506.16641

INFN

* Hyper-Kamiokande will use its unprecedented event statistics and improved control of systematic
uncertainties to perform precision measurements of neutrino oscillations

SUMMARY

% After 10 years, Hyper-K is expected to establish CP violation at 50 for approximately 60% of the possible 0,p
values and reach a precision of about 0.3 — 0.5% on Am223

* Combining beam and atmospheric neutrinos will provide sensitivity to the 6,5 octant and allow the wrong mass
ordering to be rejected with a significance of 3.8 — 6.20, depending on the true value of sin26’23

* Hyper-K will provide a broad astrophysics program, including the solar neutrino spectral upturn, approximately
70,000 events from a supernova at 10 kpc, and ©(102) DSNB events after 10 years

* Hyper-K will perform world leading searches for proton decay, probing partial lifetimes up to ~ 6 X 1034 years
for p — etz and 2 X 10°* years for p — 0 K* after 10 years

Hyper-K is not only a bigger Super-K: it is a precision oscillation experiment and a multi-purpose neutrino
observatory!
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THE HYPER-KAMIOKANDE EXPERIMENT

(B

Virtual tour at https://www-sk.icrr.u-tokvo.ac.ip/en/hk/virtual/



https://www-sk.icrr.u-tokyo.ac.jp/en/hk/virtual/

