
The Hyper-Kamiokande Experiment 

Francesca Di Lodovico 
Queen Mary University of London 

 

On behalf of the Hyper-K collaboration 
 

NEUTRINO 2016,  

Royal Geographical Society 

July 6, 2016   



A Multi-purpose Experiment 
Comprehensive study of n oscillation  
ÅCPV  

ÅMass hierarchy with beam+atmosph. n  

Åq  octant 

ÅTest of exotic scenarios 
 

Nucleon decay discovery potential 
ÅAll visible modes including p ᴼὩ p 

and pŸ’Ӷὑ   can be advanced beyond 

SK. 

ÅReaching ρπyrs sensitivity 
 

Unique Astrophysics 
ÅPrecision measurement of solar n  

ÅHigh statistics Supernova n with 

pointing capability and energy info. 

ÅSupernova relic n (non-burst n) 

observation is also possible 

Earth core's chemical composition 
Etc. 

Sun 

Supernova 

Accelerator 
(J-PARC) 

T2HK 

Proton  
decay 
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Å Proto-collaboration formed. 
Å International steering group 
Å International conveners 
Å International chair for international 
board of representative (IBR) 
ÅInternational Advisory Committee 
(HKAC) 

Inaugural Symposium of the HK proto-
collaboration@Kashiwa, Jan-2015 

KEK-IPNS and 

UTokyo-ICRR  

signed a MoU for 

cooperation  

on the Hyper-
Kamiokande project. 

12 countries, ~250 members and growing 
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Gifu University (Japan) 

High Energy Accelerator Research Organization (KEK) (Japan) 

Kobe University (Japan) 

Kyoto University (Japan) 

Miyagi University of Education (Japan) 

Nagoya University (Japan) 

Okayama University (Japan) 

Osaka City University (Japan) 

Tohoku University (Japan) 

Tokai University (Japan) 

University of Tokyo, Earthquake Research Institute (Japan) 

University of Tokyo, Institute for Cosmic Ray Research, Kamioka Observatory 
(Japan) 

University of Tokyo, Institute for Cosmic Ray Research, Research Center for 

Cosmic Neutrinos (Japan) 

University of Tokyo (Japan) 

University of Tokyo, Institute for the Physics and Mathematics of the Universe 

(Japan) 

Tokyo Institute of Technology (Japan) 

Boston University (USA) 

Chonnam National University (Korea) 

Dongshin University (Korea) 

Duke University (USA) 

 Imperial College London (UK) 

Institute for Particle Physics Phenomenology, Durham University (UK) 

INFN and Dipartimento Interateneo di Fisica di Bari (Italy) 

INFN-LNF (Italy) 

INFN and Università di Napoli (Italy) 

INFN and Università di Padova (Italy) 

INFN Roma (Italy) 

Institute for Nuclear Research (Russia) 

Iowa State University (USA) 
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IRFU, CEA Saclay (France) 

Laboratoire Leprince-Ringuet, Ecole Polytechnique (France) 

Lancaster University (UK) 

Los Alamos National Laboratory (USA) 

Louisiana State University (USA) 

National Centre for Nuclear Research (Poland) 

Pontificia Universidade Catolica do Rio de Janeiro (Brazil) 

Queen Mary, University of London (UK) 

Royal Holloway University of London (UK) 

Seoul National University (Korea) 

Seoyeong University (Korea) 

State University of New York at Stony Brook (USA) 

STFC Rutherford Appleton Laboratory (UK) 

Sungkyunkwan University (Korea) 

The California State University Dominguez Hills (USA) 

TRIUMF (Canada) 

University Autonoma Madrid (Spain) 

 University of British Columbia (Canada) 

University of California, Davis (USA) 

University of California, Irvine (USA) 

University of Edinburgh (UK) 

University of Geneva (Switzerland) 

University of Hawaii (USA) 

University of Liverpool (UK) 

University of Oxford (UK) 

University of Pittsburgh (USA) 

University of Regina (Canada) 

University of Rochester (USA) 

Universidade de Sao Paulo (Brazil) 

University of Sheffield (UK) 

University of Toronto (Canada) 

University of Warsaw (Poland) 

Proto-Collaboration 

 University of Warwick (UK) 

University of Washington (USA) 

University of Winnipeg (Canada) 

Virginia Tech (USA) 

Wroclaw University (Poland) 

York University (Canada) 
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Kamiokande Evolution 

Á Three generations of large Water Cherenkov in Kamioka.  

Á Tank design for Hyper-Kamiokande optimized . 

Kamiokande 

(1983-1996) 

3kton 

Hyper-Kamiokande 

(2026-) 

0.52Mton=520kton 

x10 

(x20 fiducial mass) 

(380kton fiducial) 

arXiv:1109.3262  
arXiv:1309.0184  
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Super-Kamiokande 

(1996-) 

50kton 

x17 



Tank Optimization 
Super-K (SK) Letter-of-Intent 2011 

(LoI) configuration 

2 Tanks w/ High 

Photocoverage 

Total Volume 

(Fiducial Volume) 

0.05Mton 

(0.022Mt) 

1Mt 

(0.56Mt) 

0.52Mt 

(0.38Mt) 

Dimension 39mf × 42m (H) 48 (W) × 54 (H) × 

250 (L) m3 ×2 

74mf × 60m(H) ×2 

ID #of Photo-

sensors 

(coverage) 

11k (Super-K PMT) 

(40%) 

99k (Super-K PMT) 

(20%) 

80k (B&L) 

(40%) 

Single-photon 

detection efficiency 

12% 12% 24% 

Photon-yield 1 0.5 2 

Single-photon 

timing resolution 

~2nsec ~2nsec 1nsec 

ÅOptimized tank design based on physics, technology, costs. 

Å2 High Photocoverage tanks 74mf × 60m(H) 

ÅA second identical tank 6y after the first. Being optimized.  
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Cavern/Tank 
ÅThe candidate site located in Tochibora, under Mt. Nijugo-

yama: 

ï~8km south from Super-K, 295km from J-PARC, 2.5  ̄

off-axis 

ïOverburden ~650m (~1755 m.w.e.) 

ÅDetails of cavern construction addressed: 

ï Cavern can be built with existing technologies. 

Å Tank lining, PMT support, construction timeline ready. 

 

 

 

 

 

1st water room 2nd water 

room 

ID 

OD 
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Approach and outer 

incline tunnels 

SK HK 



Photosensor Improvements 
Å Efficiency x 2, Timing resolution x 1/2 

Å Pressure tolerance x 2 (>100m) 

Å Enhance pŸʉὑ  signal, solar n, neutron 

signature of npŸd+g(2.2MeV),.. 
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Super-K PMT 

Hybrid Photo Detectors (HPDs) 

50cm HQE  

Box&Line PMT Venetian Blind 

Box-and-Line  

Dynode 

Under viability 

study 

Working concept from 

KM3NeT but: 

Å Usage for ID/OD 

Å lower pressure 

tolerance required. 

Å ultrapure water. 

International contribut. 

Multi-PMTs 

ID 

OD 

33 8cm(3-inch) PMTs 

1 concept 

Other Developments: 

Photo Multipliers (PMTs) 

Hyper-K PMT 

Super-K PMT 

50cm HQE HPD  

w/ 20mm f AD 


