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• S/N~5 or so, clean νe appearance signal can be observed.
• Key elements are (i) narrow-band sub-GeV ν beam, (ii) 
300km baseline, and (iii) large water Cherenkov detector

Nobs :  28 νe candidates
Nexp : 4.9±0.6(syst) 
         for sin22θ13=0

(6.57×1020 POT)
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T2K (Tokai to Kamioka)  experiment

� High intensity �� beam from J-PARC MR to Super-Kamiokande @ 
295km

� Discovery of �e appearance � Determine �13
� Last unknown mixing angle
� Open possibility to explore CPV in lepton sector

� Precise meas. of �� disappearance � �23, �m23
2

� Really maximum mixing? Any symmetry? Anytihng unexpected?

132312sin ssse 


	� ��� � prob.  in term odd CP sin�12~0.5, sin�23~0.7, 
sin���<0.2)

T2K (JPARC ν+Super-K)

νμ→νe appearance measurement with high S/N 
has been established! →make CP test possible



Hyper-Kamiokande detector
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Total Volume:     1million ton (20×Super-K)
Photo-sensors:  50cmφ×99,000(Inner Detector)
　　　　　　  20cmφ×25,000(Outer Detector)

Letter-of-Intent for conceptual design and physics 
sensitivities: arXiv:1109.3262 [hep-ex] ~100 pages

Super-K  ×  25
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(Optimistic) Timeline for anticipated results
-2022   ~2σ CPV indication (sin2δ=1) by T2K+reactors (also in Noνa)
-2023   Start Hyper-K data taking
-2026   Discovery of leptonic CPV w/ >5σ (MH at the same time or earlier)
-2028   Discovery of proton decays
-20XX Always ready for Supernova neutrino burst   
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Cavern Stability

• Plasticity region ~10m at most (CM class) → affordable level  
• Proved in existing underground facilities (ex. power plants)

• For all rock mass classes (B, CH, CM), HK caverns can be 
constructed by existing excavation/support techniques. 14

CH class (relatively solid rock mass)

12

Affordable cable tension and plasticity region depth 
for B and CH class. 
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（２）PS アンカー検討解析   
 

ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

4m 
3m 

5m 
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ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

  Plasticity region depth~5m PS anchor tension
(black is over tension)

CM class (somewhat soft rock mass)
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- Affordable cable tension and plasticity region depth even 
for CM class. 
- Need more long anchors than the past elastic analysis.
- Cost and schedule are to be revised in January.

Plasticity region depth~10m
PS anchor tension

(black is over tension)7 
 

①ＰＳアンカー パターン２ 
ケース CM： 許容アンカー力 900-2400kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

 

10m 

9m 

13m 
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ケース CM： 許容アンカー力 900-2400kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

 

吹付けコン応力(kPa)  
  

CH class

CM class

Plasticity region depth PS-anchor tension

5m

13m

Thursday, May 23, 13
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Rock mass characterization

• For both caverns, 90% of bedrock is CH or higher 
grade 
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From the survey results, 
rock mass characteristics 
are classified into 6 
categories: A, B, CH, CM, 
CL and D (defined by 
CRIEPI).
‘A’ (blue) is the highest 
grade rock and ‘D’ (red) 
is lowest.

(CRIEPI: The Central Research Institute of Electric Power Industry)

 
 

7 

 

235.9

250

CH

CM

196.4

CH

218.9

CM

26.3

CH

48.9

B

61.1

CH

75.2

CM

ᅗ 4.1-2 Ỉᵴ✵Ὕᒾ┙➼⣭༊ศ Fig 2.1 Tunnels and Classification of Boring Rock mass from ï300 to ï430 mL 

Yurume 
 Fault 

CM 

CL 

D 

A 

B 

CH 

 Inishi-type rocks 

 chloritized 
hornblende 

gneiss 

 chloritized 
hornblende 

gneiss 

 aplite 

 chloritized 
hornblende 

gneiss 

 chloritized 
hornblende gneiss 

 chloritized 
hornblende 

gneiss 

 Inishi-type rocks 

Yurume 
 Fault 

 Inishi-type ocks 

 Inishi-type rocks 

 Inishi-type rocks 

 Inishi-type rocks 

 Inishi-type rocks 

 aplite 

 chloritized 
hornblende 
neiss 

 chloritized 
Inishi-type rocks 

 chloritized 
Inishi-type rocks 

 chloritized Inishi-type ocks 

 skarn 

 Inishi-type rocks 

 hornblende 
gneiss 

 hornblende 
gneiss 

 chloritized gneiss 

 skarn  skarn 

 skarn 

 leucocratic gneiss 

magnetite 
 inclusive 

Namari fault 

Namari fault㸽  

epidote inclusive 

epidote exclusive 

sheared zone sheared zone 

 A
nk

o 
Fa

ul
t 

 -430mL Kita-mukae Tunnel 

 -370mL Shin-2ban-mukae Tunnel 

No.4 hole (ï370 mL) 

 

ï370 mL Moribuden Mukae 

 Rock Classification 

 CM class or lower area 

 240° Fault 

 240° Fault 

 240° Fault 

 240° Fault 

 
 
 

20 cm or less 

50 cm or more 
20㹼50 cm 

North-side 

Cavern 

South-side 

Cavern 

Classification of Rock mass 

in the North-side Caverns 

 

Classification of Rock mass 

in the North-side Caverns 

 

 

250

CH

185.9

CH

200

CM

146.4

CH

168.9

CM

44.1

CM

20.7

CM

31.0
CH

Tunnel  ï370 mL Moribuden Mukae Tunnel  

 
N

o.
2 

ho
le

 (-
37

0m
L)

 

  

HK tank location

Based on these results, 
HK tank location decided.

For both caverns, 90% of bedrock is CH or higher class.
Thursday, May 23, 13

For dominant rock classes (B,CH,CM), the cavern 
construction is feasible, made design of cavern and 
its supports.

R&D going on to 
get better 
performance and 
lower cost.

Geological survey Cavern Design and Analysis

Photo-detectors established R&DR&D
Super-K PMT highQE/CE PMT highQE Hybrid Det.

Venetian 
blind 

dynode
Box&Line 

dynode

Avalanche 
photo-

detector
quantum eff. (QE) 22% 30% 30%
collection eff. (CE) 80% 93% 95%

timing resolution (FWHM) 5.5 nsec 2.7 nsec 1 nsec



J-PARC power upgrade
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MR Upgrade Timeline�

2013/11/12� NNN2013, Kavli IPMU� ���

750kW�

400kW�
300kW�
200kW�
150kW�

Sekiguchi@NNN13
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CP measurement w/ Hyper-K/J-PARCν
Normal hierarchy

‣ Direct CPV test by comparing P(νμ→νe) 
and P(νμ→νe).  >3σ for 70% of δ space.
‣ δ measurement (w/ precision of 
10o~20o), Test of (exotic) CPV origin
‣ Good chance to determine MH by 
J-PARC ν alone (50% of δ space).
‣ High statistic atmospheric ν data enables 
us to determine MH for any δ. 
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Neutrino Anti-Neutrino

CP effect

Appearance probability at Hyper-K (baseline=295km)

HK 10×(Power/750kW) years



Invariant mass (MeV/c2)
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(d) 1.0x1035 year

GUT tests by Nucleon Decay Searches

‣Discovery reach (3σ)  
‣τ(p→e+π0)~5×1034years（HK 10yrs）

‣Limit (90%CL)            
‣τ(p→e+π0)>1×1035years（HK 10yrs） 

p→e+π0

τproton=1.2×1034years
（SK 90% CL limit） proton mass peak

K+ lifetime
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τproton=4×1033年
（SK 90% CL limit）

K + lifetime

                   (& monochromatic μ +)

‣Discovery reach (3σ)  
‣τ(p→νK+)~1×1034years（HK 10yrs）

‣Limit (90%CL)         
‣τ(p→νK+)>3×1034years（HK 10yrs） 

K+ decay time (nsec)
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BG

BG

Good discovery potential, 90% CL sensitivity of 1034~1035 yrs



Multi-purpose detector, Hyper-K

• Total (fiducial) volume is 1 (0.56) million ton
– 25 × Super-K

• Explore full picture of neutrino oscillation 
parameters.
– Discovery of leptonic CP violation (Dirac δ)
– ν mass hierarchy determination(Δm2

32>0 or <0) 

– θ23 octant determination (θ23<π/4 or >π/4)

• Extend nucleon decay search sensitivity
– τproton=1034~1035 years (~10×Super-K)

• Neutrinos from astrophysical objects
– 250,000 ν’s from Supernova @Galactic-center (50 

from Andromeda)
– ~300 ν’s / 10 years (>20MeV) SN relic ν
– 200 ν’s / day from Sun
• possible time variation, ~3σ day/night asym. 

– Indirect Dark Matter Detection, etc

Letter of Intent, Hyper-K WG, 
arXiv:1109.3262 [hep-ex]

Proton 
Decays
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Sun

Supernova

accelerator



International Hyper-K Working Group
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- International open Hyper-K meetings: Aug. 2012, Jan. 2013, Jun. 
2013 and Jan. 2014.  Slides are public for community.
- ~100 participants from Canada, Japan, Korea, Russia, Spain, 
Switzerland, UK, US, and so on.
- Your participation to the international Hyper-K working group 
is welcome.
- Next HK meeting will be held in Vancouver. 

~100 participants, ~50 non-Japanese 3rd Open Hyper-K meeting



(February 2012)
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Japan HEP community
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Recommendations

The committee makes the following recommendations concerning large-scale projects, which 
comprise the core of future high energy physics research in Japan.  

• Should a new particle such as a Higgs boson with a mass below approximately 1 TeV 
be confirmed at LHC, Japan should take the leadership role in an early realization of 
an e+e- linear collider.  In particular, if the particle is light, experiments at low collision 
energy should be started at the earliest possible time.  In parallel, continuous studies on new 
physics should be pursued for both LHC and the upgraded LHC version.  Should the energy 
scale of new particles/physics be higher, accelerator R&D should be strengthened in order 
to realize the necessary collision energy.

• Should the neutrino mixing angle θ13 be confirmed as large, Japan should aim to 
realize a large-scale neutrino detector through international cooperation, accompanied 
by the necessary reinforcement of accelerator intensity, so allowing studies on CP 
symmetry through neutrino oscillations.  This new large-scale neutrino detector should 
have sufficient sensitivity to allow the search for proton decays, which would be direct 
evidence of Grand Unified Theories.  

It is expected that the Committee on Future Projects, which includes the High Energy Physics 
Committee members as its core, should be able to swiftly and flexibly update the strategies for these 
key, large-scale projects according to newly obtained knowledge from LHC and other sources. 

It is important to complete and start the SuperKEKB including the detector, as scheduled.  Some 
of the medium/small scale projects currently under consideration have the implicit potential to 
develop into important research fields in the future, such as neutrino physics and as such, should be 
promoted in parallel to pursue new physics in various directions.  Flavour physics experiments such 
as muon experiments at J-PARC, searches for dark matter and neutrinoless double beta decays or 
observations of CMB B-mode polarization and dark energy are considered as projects that have 
such potential.
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12年10月5日金曜日

Report on future projects by Japanese HEP community

• LC and neutrino detector are recommended as big projects
• Support by Cosmic-Ray community as well
• In the list of important large-scale projects i.e. “Roadmap” of 
MEXT (Japanese funding agency)



Americas
• US

• ‘Snowmass’ process to collect input from community

• Intensity Frontier report (arXiv:1401.6077)
“Complementary experiments with different energies, baselines, 
and detector technologies (e.g., Hyper-K in Japan) are required 
in order to fully exploit conventional neutrino beams.”

• Discussion in P5 ongoing

• Canada

• “(T2)Hyper-Kamiokande is the path for Canada”
(ICFA ν panel meeting @ Fermilab)

• Proposal to Canadian Foundation for Innovation under 
preparation, for submission in June 2014

• Green light from TRIUMF to proceed
11



Europe

• European Strategy for Particle Physics (May 2013):

• “Europe should explore the possibility of major participation in 
leading long-baseline neutrino projects in the US and Japan.”

• In Physics Briefing Book: “a substantial European involvement in 
T2HK (if it goes ahead) seems probable.”

• First European Hyper-K meeting was held in Dec. 2013.

• >40 participants from 9 countries (incl. non-T2K countries).

• Budget request for Hyper-K R&D ongoing in UK.

• Statement-of-interest approved in the UK.

• Proposal to STFC to be submitted in May 2014.
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Summary
• The establishment of the clean νμ→νe measurement in T2K

• CPV test by extending the JPARC-SK experimental setup
• J-PARC is expected to be upgraded to ~700kW and beyond
• well-proven & high performance detector technique w/ the successful 
experiences in Super-K 

• Rich physics topics can be covered by the extension.
• extend nucleon decay search capability to O(1035) years
• high statistics atmospheric neutrino study
• Supernova ν
• indirect dark-matter searches etc

• Hyper-K project is completely open to the international 
community.   We’d like to contribute to the world-wide effort to 
make a strong neutrino physics program.
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