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Hyper-Kamiokande

• 188kton (fid.) water Cherenkov
- 8 times larger than SuperK

• Physics goal
- precision ν oscillation

• long baseline neutrinos
• atmospheric neutrinos

- neutrino astronomy
• supernova & solar neutrino

- new physics
• nucleon decays
• dark matter
• non-standard ν interaction (NSI) 

• Construction to start in 2020
- in the MEXT FY2020 budget
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MEXT budget announcemnt (Aug.29, 2019)
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Funding process in Japan
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• Hyper-Kamiokande is on the MEXT budget 

• “In addition to the ongoing 13 large-scale 
projects, the next-generation neutrino research 
project Hyper-Kamiokande, will be newly 
launched in FY2020”
- This is the first official statement of MEXT to 

declare that they shall start the HK project. 

• Next steps (for the entire government budget)
- Dec. 2019: 

• approval by the Ministry of finance and cabinet
- Mar. 2020: 

• approval by the Diet



Hyper-Kamiokande site�5
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A birds-eye view of the Hyper-K site
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Tunnel entrance yard at Wasabo

n A 10,000m2 construction yard is necessary at the 
entrance of the access tunnel
n At least during the excavation (tunnels/cavern)

n Planning to prepare the yard by filling up a part of 
“Wasabo tailings dam” owned by KMS
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Wasabo tailings dam
owned by KMS

Prefectural
Road 484

Access tunnel

Entrance
Yard

20m

For safety reasons (and by 
regulation), the access tunnel
shouldn’t pass under the road
Considering of changing the 
route of Prefectural Road 484
in advance (green), and 
discussing w/ Gifu prefecture

Modified route of
Road 484 (a plan)

Maruyama rock disposal site

n There’s a large sinkhole at Maruyama, which was induced 
by the past underground block caving

n Planning to pile up all the Hyper-K excavated rock (with a 
soil volume of 570,000 m3) on top of the sinkhole
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Capacity :
>2 million m3

Kamioka Town
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Focus of this talk

• Accelerator based neutrino program at J-PARC leading to HyperK
- Overview: 

• Keynote talks by Kajita-san and Ooguri-san
• PN review session Kuze-san: Neutrino Experiments at J-PARC

- T2K 
• PN-NP1 Matsubara-san: T2K status and ND280 upgrade
• PN-CS Kendall Mahn: ND280 neutrino cross section results

- Accelerator and beam line upgrades for T2K and HyperK
• PN-NP1 Matsubara-san on the intensity upgrade
- Upgrade of J-PARC accelerator and ν beamline from 0.5MW to 1.3MW
- x20 more sensitivity in HyperK compared to T2K 

• This talk will focus on
- Long baseline neutrino physics of HyperK
- Intermediate Water Cherenkov Detector (IWCD) �6



Large CP violation effect in neutrino oscillation possible�7

At the peak of 
Eν=0.6GeV

matter effect

   VPMNS  
 (Lepton mixing)

T2K/HyperKamiokande case:

Unlike quark mixing (CKM), 
lepton mixing (PMNS) is large:

→ Large CP violation effect possible

   VCKM  
 (Quark mixing)



Tokai-to-Kamioka (T2K) long baseline neutrino experiment

• 295km of neutrino travel
- observed νμ→νe oscillation

• Disfavour CP conserving 
δCP=0,π at 2σ level

�8

CPδ
3− 2− 1− 0 1 2 3

ln
(L

)
Δ

-2

0

5

10

15

20

25

30 Normal
Inverted

T2K Run1-9c Preliminary

2σ interval

1700 m



Future long baseline experiments for leptonic CP

- Two experiments are in preparation: HyperK and DUNE
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Hyper-Kamiokande

188kton water

20→40kton liquid Ar

1.3MW beam

1.2→2.4MW beam

1700 m



CP sensitivity

•HyperK and DUNE have similar sensitivities
- Fiducial volume:  HyperK 188kton        DUNE  20-40kton
- Beam power:                     1.3MW                    1.2-2.4MW
- Running time:                    107 sec/year              2x107 sec/year

• Systematic uncertainty limited: “systematic error goals” are assigned 
- Big challenge to suppress systamatic error significantly less than the statistical error of 3% �10
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Systematic uncertainties of T2K

• Statistical error of HyperK: 3%
- Systematics need to be reduced well below 3%
- current systematic uncertainty is 8.8% 

• in particular due to neutrino interactions with model uncertainties
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Lesson from the discovery of ν oscillation  

• Up/Down asymmetry
- before/after oscillation
- data driven without relying 

on the atmospheric ν model
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Sub-GeV data

Multi—GeV data

Kamiokande already observed 5σ effect 
(5 years before the SuperK discovery!) 

but not enough for the discovery



Far/Near ratio

• Far/Near detector ratio in ν event rate like up/down ratio in atmospheric ν:
- Provide data-driven cancellation of systematic uncertainties
- First order cancellation demonstrated by T2K → 8.8% syst. error 

• Sources that limit Far/Near cancellation in systematic uncertainties
- [A] Energy dependence of Far/Near event rate   [flux] x [cross section]

• near and far neutrino energy distributions are different due to oscillation: 
- energy dependence in cross section prevents cancellation of systematic uncertainties

• replicate the far detector flux shape at near site by IWCD
- [B] Near detector observes νμ and far detector observes νe 

• cross sections are different by 15% due to mμ vs. me differece
• currently purely theoretical uncertainty: IWCD σ(νe)/σ(νμ) measurement

- [C] Far/Near detector efficiencies
• same water Cherenkov detector is needed for the near detector: IWCD
• different sizes for near and far detectors: improved calibration is essential �13



[A] Far/Near neutrino rate cancellation with IWCD
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IWCD

1kton movable 
Intermediate water  
Cherenkov for HyperKpC→π,Κ,…

π,Κ→µν ND280

T2K near  
detector



IWCD(NuPRISM) linear combination
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Linear combination  
of events at different  
off-axis position:  

 ➜ Monochromatic  
     ν beam response



IWCD (NuPRISM) linear combination
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monochromatic

atmospheric ν

oscillated νµ oscillated νe

match the far spectrum 
by a linear combination of  
the near detector spectra



IWCD cross section study with momochromatic beam

•Monochromatic ν beam: unique first time measurements
- NC cross section as a function of Eν
- isolate the multi-nucleon (2p-2h) contribution
- Study the nuclear dynamics of the neutrino interaction: S(Q,ω)
• similar to  neutron, Xray and electron scattering like J.Carlson (2002)
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[B]  σ(νe)/σ(νμ) cross section difference �18

T2K/HK peak

CC1π threshold  
for νμ

• ~15% expected difference in  
σ(νe)/σ(νμ) cross section ratio 
at the HK peak energy
- e/μ universality (symmetry) is 

broken due to e/μ mass 
difference  

• Requirements: 
- significantly better than 3% 

statistical uncertainty 

- Constrain the error by data



 σ(νe)/σ(νμ) measurement  

• Flux systematics is large: 5-10% 
- NuSTORM/ν-factory is proposed

• precise flux but expensive
- Match the νe/νμ flux in IWCD and 

cancel the flux systematics instead
• relative measurement 

• T2K near detector is limited by 
external γ backgrounds
- fully active shielding of outer veto 

is essential for νe detection (IWCD) 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 σ(νe)/σ(νμ) by IWCD flux matching  

• good background suppression for IWCD
•match the IWCD νe flux by IWCD νμ flux linear combination
- cancelling the flux systematics 

• precisely test the difference in the kinematical phase space �20



Systematic error in IWCD νe measurement

• Flux uncertainty 
dominates above 
600-1500MeV/c 

• NCγ and flux 
uncertainties are both 
significant at 
300-500MeV/c
- NA61, EMPHATIC 

hadron production exp.
- e/γ separation in IWCD
• Optical TPC  

(discussed later)
�21
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[C] IWCD detector systematics

• Spacial requirement is more stringent for IWCD
- Fiducial volume (vertex) systematics

• 1% uncertainty: 2ΔR/R=1% → ΔR=0.5%R 
• HK:15cm,  IWCD:2cm

- Finer granularity and better timing are required:
• HK: 20-inch PMT, TTS(σ)=1.1nsec ~ 20cm
• IWCD: 3-inch PMT, TTS(σ)=0.6nsec ~ 12cm 

• Precision calibration
- Precise position information

• Photogrammetry
- Precise detector response

• IWCD test beam experiment at CERN �22
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multi-PMT for finer granularity

• multi-PMT (mPMT)
- Concept from KM3NeT
- 19 of 3” PMT’s in a vessel

• economical 3” PMT’s 

• mPMT for IWCD
- finer granularity 
- x2 better timing resolution than 

20” PMT
• TTS(σ)=0.6nsec
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mPMT

8”-PMT



Photogrammetry being considered for SK�24

360Abyss underwater camera



IWCD beam test
• Precise calibration of water Cherenkov response
- backward light uncertainty in GEANT: impact on vertex

• difference observed in delta ray simulation models
- hadron interactions in water  
- stopping muons: range and charge calibration  

• Prototype IWCD detector test at CERN in 2021-22
- Collaboration launched at CERN meeting in July 2019
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mPMT hits from 100MeV photon (Optical TPC)�26

Plots by Nick Prouse

Tracing back origin of each hit in the ring



mPMT hits from 100MeV photon (Optical TPC)�27

Plots by Nick Prouse

Zoom in to reconstruct the detailed 
tracking information 
        e.g. vertex, e/γ separation



mPMT hits from 100MeV photon (Optical TPC)�28

3” PMT radius

20” PMT radius

Plots by Nick Prouse

Cherenkov lights are emitted at constant angle (β=1) 
- information of the track is projected on the wall 
- precision of tracking is determined by the PMT size



Preliminary study of electron/γ separation 

• Initial look shows significant e/γ separation for IWCD MC 
- Convolutional Neural Network on e/γ/μ Monte Carlo samples
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Summary

•Diverse physics program for HyperK
- Precision neutrino oscillation; CP violation, mass hierarchy
- Neutrino astronomy; supernova, solar, GRB
- Search for new physics; nucleon decay, dark matter, NSI 

•Control of systematic uncertainty essential for CP study
- IWCD provides data driven cancellation of systematic errors
• flux shape to be matched between IWCD and HyperK
• direct measurement of νe cross section

• same water Cherenkov detector with precise calibration  

•Hyper-K is on the FY2020 MEXT budget 
- “Hyper-Kamiokande will be newly launched in FY2020”
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Summary of systematics requirements and sensitivities
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SUMMARY OF SYSTEMATIC REQUIREMENTS & SENSITIVITIES

2

Systematic Source Required 
Precision For Which Measurement Detector Achievable Precision

σ(νe)/σ(νμ) 3-5%
CP Violation, 

δcp precision at sin(δcp)~0,  
θ23 precision at sin(θ23)~0.5

IWCD 3.5-5%

σ(νe)/σ(νμ) 3-5%
CP Violation, 

δcp precision at sin(δcp)~0,  
θ23 precision at sin(θ23)~0.5

IWCD 4-7%

Wrong-sign 
background 

normalization
9%

CP Violation, 
δcp precision at sin(δcp)~0 ND280 TBD (expect <9%)

Intrinsic νe,νe and NC 
backgrounds 3-4%

CP Violation, 
δcp precision at sin(δcp)~0 IWCD 2.3%  (neutrino) 

Normalization of non-
QE with Eν>0.7 GeV 5% θ23 precision at sin(θ23)≠0.5 IWCD 5% (neutrino)

Normalization of non-
QE with all energies 5%

δcp precision at sin(δcp)~0 
Δm232 precision

IWCD, 
ND280*

5% (IWCD neutrino) 
<4% (N280 neutrino) 

<7% (ND280 antineutrino)

*Complementary approaches in IWCD and ND280.  IWCD relies on flux model in 
linear combination method, but minimizes cross section model dependence.  ND280 
fits transverse variables to constrain cross section model.

ND280 = ND280 Upgrade



Summary of systematics requirements and sensitivities
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SUMMARY OF SYSTEMATIC REQUIREMENTS & SENSITIVITIES
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Systematic Source Required 
Precision

For Which Measurement Detector Achievable Precision

Beam Direction 0.6 mrad (4 
MeV shift)

δcp precision at sin(δcp)~0 
Δm232 precision INGRID <0.3 mrad (<2 MeV)

Removal (binding) 
energy 4 MeV*

δcp precision at sin(δcp)~0 
Δm232 precision

IWCD, 
ND280

2.6 MeV (IWCD on O) 
~1 MeV (ND280 on C)**

High angle 
measurement 

(cosθ<0.2)
4%

CP Violation, 
δcp precision at sin(δcp)~0

IWCD, 
ND280

<4% statistical precision in both 
detectors

Beam rate monitoring ~1% per 
day

General monitoring of beam quality INGRID <0.5% per day for neutrinos and 
antineutrinos

Neutron Multiplicity TBD
Atmospheric neutrino  

Nucleon decay
IWCD, 
ND280

<5% IWCD 
<4% ND280

μπ0 cross section & 
neutron multiplicity TBD eπ0 proton decay IWCD TBD

**ND280 makes the measurement on CH targets.  Uncertainties on extrapolation to 
H2O target need to be considered.

*Energy scale in detectors must be calibrated to 0.5% to achieve this level



Kamiokande result: PLB335(1994)237
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