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HK Proto Collaboration was formed on January 2015  

Symposium at Kashiwanoha  

•  MOU between Tokyo Univ – ICRR  and  KEK – IPNS 

•  Reviews by an International HK Advisory Committee   

•  International groups formed and developing   

•  New proposal submitted in March 2017 to the Science Council of Japan  

•  Reviewed by the KEK-PIP committee – top priority 
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First HK meeting    
Kashiwa  

June 2013 

First Proto Collaboration 
meeting HK     

Kashiwa     
June  2015  
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Hyper-K   Meeting ,   Kashiwa      September  2017  

● July 2017  :  Hyper-K got listed in the MEXT-Roadmap 
● Hyper-K got highest evaluation results. Necessary for funding request 
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Inauguration “Next-generation Neutrino Science Organization”  
Mozumi,  November  2017  

August 2017. University of Tokyo  (+KEK+IPMU+ICRR) launched NNS0  
New organisation for the Hyper-Kamiokande project 

Director T. Kajita,  http://nnso.jp 
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A new design  for HK  submitted in February 2016   

EACH TANK  
•  260 Kton total    
•  10 x SK fiducial volume 
•  Very good PMT coverage (40%)   
•  60 m height x 74 m diameter 

 
    

2 TANKS  
•  Fiducial Volume : 2/3 of original design   
•  Vertical tanks  
•  Possibility of staging   
•  Significant reduction for the cost of    
    the project  
   



Sensitivity goals were 
maintained for HK 
oscillations physics     





HK  photosensors     

New technologies and on going studies for PMT 

50cm Ø PMT 

   Significant improvement of  single photon efficiency 
   Better time and  charge resolution (x 2 wrt SK) 
           
  
• Worldwide studies for new photo sensors detectors (JUNO,    
    IceCube, KM3NET, …)   
• Foreseen collaborative efforts of HK with other experiments  

Still possible mixed technologies in HK for PMT 
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Step by step  
 
●  Decrease bunch intervals from  
    2.48 sec to 1.3 sec, then 1.16 sec 
 
●  Increase protons/bunch from  
     2.7 1014 to 3.2 1014 

 
●  Increase horn current form  
    250 kA to 320 kA 
   

Beam Upgrades (MR power supply, upgrade MR RF, …)  

Proposal for T2K phase II  @ 1.3 MW   (funded)  
    

Increase total delivered protons from  7.8 x 1021   to  20.0 x 1021   

450 

PHASE II 

JPARC and Near Detectors for T2HK     



T2HK systematic errors for oscillation analysis     

Estimations and simulations will be based  
on T2K and SK studies with real data  

Goal  
Reduction from  ~ 6-7% in T2K    

to ~ 3-4%  in T2HK  for the expected number of events.    
Beam flux,  XSections,  HK Detector,  New Near Detectors.     



Beam flux  and  Xsections      

The Near Detector ND280 upgrades for T2K-II     

T. Nakaya , LNI, KEK 2016 

•  ND280 should continue to perform for T2HK  
 
•  Same narrow band beam centered at 600 MeV  
 
<--  Cross section measurements in WATER 
 
•  Investigation of the nuclear effects (FSI,….)  

WAGASCI     



Beam flux  and  Xsections      
Proposals for New Intermediate  

Water Cherenkov detectors at  1.2 Km for T2HK    
NUPRISM   
Off-axis angle spanning orientation. 
Some new and original approach to 
extrapolate neutrino events in HK. 
 
•  TITUS  
Gd loading, magnetized muon range detector. Good 
Near/Far flux ratios for prediction in HK  

arXiv:1412.3086 
arXiv:1606.08114 



•  Introduction  

•  HK detector:  design and R&D  

•  JPARC and Near Detectors for T2HK   

• Oscillations physics  

•  Proton decays 

•  Neutrino Astronomy 

•  Schedule and conclusion 
 

OUTLINE   



•  Well known state-of-the-art water Cherenkov technique  

•  Reasonable and predictable total cost    

•  Reasonable timescale for construction and commissioning  

•  Will greatly benefit from SK and T2K expertise and momenta  

•  Approved and foreseen upgrades of the JPARC muon-neutrino beam  

  

The experiment “T2HK” will be an off-axis long baseline 
experiment L = 295 km  @ 2.5 degrees   (similar to T2K)   

Very large physics program  CPV, precision measurement for mixing     
     parameters and mass hierarchy,  in addition to proton decay (world 

leading researches) and astrophysics-cosmic neutrinos  





Physics performance for oscillation  studies      
•  1O years of running     
•  1.3  MW for JPARC proton beam   
•  1 tank   
•  ~ 40% PMT coverage in HK  
•  3-4% systematic uncertainties 
 
 Electron-neutrino appearance  

Assuming  



Physics performance for oscillation  studies      

Possibility of using shape information in energy to 
distinguish different values for δ (CP) 

Electron-neutrino appearance  

•  1O years of running     
•  1.3  MW for JPARC proton beam   
•  1 tank then 2 tanks  
•  ~ 40% PMT coverage in HK  
•  3-4% systematic uncertainties 
 
 

Assuming  



Physics performance for CPV  studies      



Physics performance for oscillation 
parameter measurements       

x 

x 



JPARC Beam   +   Atmospheric  neutrinos   

Normal  Hierarchy  

10 years 10 years 

5 years 

M.H. determination ~ 5σ.       Good performance for octant determination     

Physics performance for oscillation 
parameter measurements       
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Proton Decay Sensitivity     
•  One of the few predictions of the various Grand Unification (SUSY)  
    Theories   
•  In general, similar analysis as in SK but with neutron tagging for  
    background reduction   
•  An order of magnitude better sensitivity than SK due to a larger  
    volume and lower background  
•   We need to pursue both decay modes for discovery, given the  
    variety of predictions 
 
 
 
 
 
 
 
 
 
 
•  Searches for other modes are also important 
 
 



Proton Decay Sensitivity     

•  Great potential for discovery 



Proton Decay Sensitivity     

•  Great potential  
    for discovery 
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Neutrino Astronomy      
Supernova burst neutrinos  



Nobel 2002            Nobel 2015                   Nobel 2028 ?               

Kamiokande  

Super-Kamiokande  

Hyper-Kamiokande  Supernova burst neutrinos  

Neutrino Astronomy      

11 observed events    ~ 250 events    ~ 3000 events    

Much more events … in addition to  reduced  background  



Neutrino Astronomy      
● HK can extend the supernova search    
    distance to extra-galaxy such as     
    Andromeda 
 
● HK will test the supernova neutrino  
   flux modulation  

Supernova burst neutrinos  



Supernova burst neutrinos  

Neutrino Astronomy      

Low energy threshold and good neutron tagging 
allow : 
● Good precision for the SN direction (elastic) 
● Detect neutrinos from SN “neutronization”  
 
  
    



Gravitational waves neutrinos (neutron stars, black holes)  

Neutrino Astronomy      

The revolutionary era of multi-messenger astronomy 
has officially begun (actually not …) including soon or 

later detection of low energy neutrinos 

The merging of 2 neutrons stars GW170817    
 
● GW neutrinos will provide detailed 
information on the mechanism after the 
merging 
 
● The timing between the GW, light and 
neutrinos emissions could lead to the first 
measurement of the absolute masses of the 
neutrinos  

In the near future, experiment Super-Kamiokande will increase its sensitivity 
for GW neutrinos detection. Significant potential for big discovery ! 



Upgrade for the Super-Kamiokande experiment   

    LLR group is the only French group in SK  (since November 2016) 
 
The goal of the upcoming upgrade is to improve neutron tagging for : 

 
      ● anti electron-neutrino high efficiency detection 
      ● background reduction at low energy 
 
  
 



Upgrade for the Super-Kamiokande experiment   

EGADS 



Upgrade for the Super-Kamiokande experiment   



Supernova relic neutrinos  

Neutrino Astronomy      

Diffuse Supernova Neutrino Background (DSNB)    
Accumulation since the beginning of the Universe of past Supernova burst 

 
Super-Kamiokande is expected to discover DSNB  



Neutrino Astronomy      

Diffuse Supernova Neutrino Background (DSNB)    
Accumulation since the beginning of the Universe of past Supernova burst 

 
Goal of HK : measurement of DSNB energy spectrum 

 
● Spectrum depends on the time 
when SN burst  
 
● Early time  larger red shift  
lower  temperature 
 
● Study of stars, black hole, 
neutron merging history 



Neutrino Astronomy      
Diffuse Supernova Neutrino Background (DSNB)    

Accumulation since the beginning of the Universe of past Supernova burst 
 

Goal of HK : measurement of DSNB energy spectrum 

• Use Gd doped in water to detect neutrons 
• Expected events in SN in 10y  ~  150  
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•  Great potential for large CP violation discovery in the lepton sector   

•  Great potential for proton decays 
•  Great potentials for discovery of DSNB and GW neutrinos  

•  Final optimized tank design. Staging approach.  

•  HK is based on existing technologies for neutrino detection but with   
    the use of new generation of photo sensors 
•  Upgrades of the ND280 detectors for T2K-II.  

•  HK Proposal for new Intermediate Detector (NUPRISM) 



International collaborations.  
Possibility for wide variety contributions.  
 
Kamioka 
● PMTs 
● DAQ, Electronics 
● Calibration 
 
Tokai 
● Near and intermediate detectors 
● Beam upgrades 
 
● Software, computing, analysis 



Budget Profile … 
 
 
 
 
     
 
 
Schedule (first tank) 
 
 
 
Beginning of “construction“ 2018 

for the HK detector 



Super-K Gadolinium 2019 - 

T2K  J-PARC  470 KW beam 

T2K–II   J-PARC  > 750 KW beam 

BIG chance for BIG discovery ! 

5 physicists 
1 postdoc 
2 PhD students 
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