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The Kamiokandes
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Kamiokande
3 kton

(1983-1996)

Super-Kamiokande
50 kton
(1996- )

Hyper-Kamiokande
260 kton
(2027- )



The Hyper-Kamiokande detector 
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72 m

68 m

40,000 20” PMTs



Hyper-Kamiokande Overview
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J-PARC neutrino Beam (Tokai)Hyper-K detector (Kamioka)

295 km

Near detector (Tokai)

Intermediate 
water Cherenkov detector



Water Cherenkov detection
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Muon: sharp ring Electron: fuzzy ring



Photosensors
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Hyper-K baseline design:
box and line PMTs
Twice the detection efficiency, better timing 
and charge resolution



Photosensors
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Covers to protect against pressure are 
being developed

Multi-PMT option being explored



Broad physics program
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CP-violation
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Looking for differences in the oscillation behaviour between neutrinos 
and anti-neutrinos



CP-violation
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After 10 years of  running, HK will be able to measure ~50% (~80%) of  the 𝛅CP
space to better than 5𝜎 (3𝜎) 



CP-violation
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Exploring option of  putting second HK tank in Korea

Putting the second detector at the second oscillation maximum means our 
signal has a different shape →makes us less sensitive to systematic errors 

Signal	at	Japan	 Signal	at	Korea	



Supernova neutrinos
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Infall Accretion Cooling

Detailed measurements of  a galactic 
supernova

Measuring supernovae out to 
the Mpc range



Supernova neutrinos
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Measuring the average properties with the diffuse supernova neutrino background
Can measure average temperature 
of  the supernova

Can measure how 
many supernova result 
in black holes



Hyper-Kamiokande funding status

Erin	O'Sullivan	- Partikeldagarna	2019



Hyper-Kamiokande funding status
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Hyper-Kamiokande timeline
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2019 2020 2021 2022 2023 2024 2025 2026 2027

Construction 
prep

Access
Tunnel

Approach
Tunnel

Cavern Excavation

20” PMT production

Electronics production Testing Installation

Tank installation

PMT installation

Data taking



The Water Cherenkov test experiment @ CERN
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3-4 m

5 m

Forming a new, multi-collaboration group 
(Hyper-K, ESSnuSB, THEIA)

+	Gd



The Water Cherenkov test experiment: goals
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Testing of  critical 
components 
Multi-PMTs

Water-based liquid 
scintillator (THEIA)

Measure the detector response in a 
beam of  known particle type and 

energy

Test calibration 
devices



Hyper-Kamiokande outlook 
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• Construction will start in April 2020, data taking expected in April 2027
• An experiment is planned at CERN to test crucial hardware for the 

intermediate and far detectors (2021-2024)
• More information in our design report arXiv:1805.04163, a technical 

design report should be released shortly
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Nucleon decay
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Flagship nucleon decay modes:

p →e+ 𝝅0

p →𝝼K+

Limits will be improved across all nucleon decay 
channels, some by an order of magnitude.



Solar neutrinos
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Measuring the transition region

Solar	upturn

Solar upturn sensitivity

Hyper-K can measure the solar upturn to ~5𝜎 (3𝜎) after 10 years with 
3.5 MeV (4.5 MeV) threshold

3.5	MeV	threshold

4.5	MeV	threshold



JPARC Neutrino Beam

Erin	O'Sullivan	- Partikeldagarna	2019

Plans to upgrade main ring would increase 
beam power to ~1.3MW (3x current power)



The Hyper-Kamiokande near detector 
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The Hyper-Kamiokande Intermediate Water 
Cherenkov Detector
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T2HKK

The	second	detector	in	Korea	allows	us	to	better	measure	the	
CP-phase,	compared	with	both	detectors	in	Japan	

Two	detectors	in	Japan

Second	detector	in	
Korea,	two	colours for	
two	different	
candidate	sites

26


