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1. Hyper-Kamiokande Project

SK tank

2. HK detector site candidate 5. Tank and PMT support
39.3m

41.4m

Super-­‐Kamiokande
Total volume 0.05 Mt
Fiducial vol. 0.0225Mt

The total volume of Hyper-K is 0.99 Mton, and the fiducial volume 
is 0.56 Mton that corresponds to 25 times of Super-K.
Hyper-K detector consists of two oval shape tanks and each tank 
has five compartments that are optically separated.

Mozumi  
Mine�

Tochibora  
Mine�

~10km�

Super-K�

Hyper-K�

N�
~8km

The candidate site locates at Tochibora Mine, Kamioka Mine, 
Kamioka-cho, Hida City, Gifu Prefecture, Japan.
(36° 21′ 09″ North latitude, 137° 18′ 50″ East longitude; ~8km south of SK)
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������Fig 2.1 Tunnels and Classification of Boring Rock mass at -300mL to -430mL 
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Hyper-Kamiokande (Hyper-K, HK) is a next generation under-
ground water Cherenkov detector. It will serve as a far detector 
of a long baseline neutrino oscillation experiment envisioned for 
the upgraded J-PARC, and as a detector capable of observing 
-- far beyond the sensitivity of the Super-K detector -- proton 
decays, atmospheric neutrinos, solar neutrinos, supernova 
neutrinos, and dark matter.
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Altitude of the roof�539m 
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Fig. 1.3 Cross-Sections of Caverns up to the Surface�

(a) Cross-Sectional Direction of Caverns 

(Fig. 3.1 B-B' Cross-Section)�
(b) Cross-Section of Cavities in the Long Axis 

Direction (south-side water tank cavity)� �

Altitude of the central cavern�508m 
-370mL 

-300mL 

-430mL 

0mL 

open pit open pit 

South side 

South side Cavern 

Anko Fault 

Namari Fault 

Jigokudani Fault 

Altitude of the roof�539m 

Altitude of the roof�539m 

-200m Maruyama mukae 

ltitude of the roof�539m 
tunnnel 

ltitude of 

the 

roof�

539m 

 Maruyama mukae tunnnel 

ltitude of the roof�539m 

240� Fault 

0mL

-300mL
-370mL
-430mL

508m a.s.l

1,156m a.s.l Nijugo-yama Nijugo-yama

central cavern

Overburden
~650m (max)

(mine level definition)

HK tanks

HK tanks

HK detector locates at elevation of +508m, under a mountain 
“Nijugo-Yama.”  Overburden on HK detector is ~650m (max).

The rockmechanical characterization at the candidate site has 
been accomplished by mapping the existing drifts, and by 
drilling and geotechnical logging of rock core samples in vicinity 
of the candidate site.
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Table 2.2: Classification of Rock mass in the Tank Caverns 

 Rock mass class (%) 
Reference 

A B CH CM CL D 

North-side 

Cavern 

0.0 0.0 71.8 28.2 0.0 0.0 
 

71 .8  28 .2  

South-side 

Cavern 

0.0 9.0 70.7 20.3 0.0 0.0 
 

79 .7  20 .3  

Total 
0.0 4.5 71.3 24.2 0.0 0.0 

 
75 .8  24 .2  

 

 

Table 2.3: Classification of Rock mass in the Tunnels and Boreholes 

 Rock mass class (%) 
Reference 

A B CH CM CL D 

-300mL Kita-mukae 

Tunnel 

0.0 51.6 43.6 3.0 1.8 0.0 
 

95 .2  4 .8  

-300mL Survey 

Borehole 

0.0 67.9 27.7 4.0 0.4 0.0 
 

95 .6  4 .4  

-370mL Moribuden- 

mukae Tunnel 

0.0 11.4 45.4 39.8 3.4 0.0 
 

56 .8  43 .2  

-370mL Shin-2ban- 

mukae 

0.0 4.9 55.7 25.0 14.4 0.0 
 

60 .6  39 .4  

-370mL Survey 

Borehole No.2  

2.4 10.5 49.2 29.7 5.7 0.2 
 

62 .1  35 .6  

-370mL Survey 

Borehole No.3 

0.0 19.2 59.2 16.5 3.8 0.3 
 

78 .4  20 .6  

-370mL Survey 

Borehole No.4 

6.6 20.5 36.4 22.6 7.1 3.1 
 

63 .5  32 .8  

-430mL Kita-mukae 

Tunnel 

0.0 18.1 39.0 38.1 1.9 2.9 
 

57 .1  42 .9  

�
�
�

Classification of boring rock mass at -370mL 
and layout of faults at -300mL to -430mL

3. Geological survey at candidate site

Based on the results of geological surveys and principal stress 
measurements, structural stability of caverns has been studied 
(Elasto-plastic, static analysis adopting Hoek-Brown yield criteria). The stability 
analysis takes the excavation steps into account.

In-situ measurements of principal 
stress at -370mL (bottom of cavern) 
and at -300mL (top of cavern) has 
also been carried out.

4. Stability analysis & cavern design

6. New photo-sensor R&D

HK tank, lined with concrete and HDPE sheet, is filled with pure 
water; the water depth is 48m.  HK detector consists of Inner 
Detector (ID) and Outer Detectors (OD). The water volume of ID 
is 0.74 Mton in total, and fiducial volume is 0.56 Mton.

Out
er

 D
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m

Dea
d R
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ion

 0.
9mInner Detector

Fiducial volume

99,000 20” PMTs for ID (20% photo-coverage) and 25,000 8” 
PMTs for OD (same as SK) are installed. The PMTs are 
supported with stainless-steel frames.

New photo-sensors R&Ds are in progress, i.e. Hybrid Photo-detector 
(HPD), Box and Line (B&L) dynodes PMT, and High QE (HQE) PMT. 
The basic performance evaluation of new sensors have been carried 
out in 200t water Č detector (EGADS detector) and at a test-stand.

PMT 
protective 

cover
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Table 3.4 Input Property Values 

Rock mass class  B  CH  CM  

Young�s modulus(kN/mm2) 10.10 3.43 1.22 

Poisson�s ratio 0.25 0.25 0.25 

Cohesion(N/mm2) 4.90 2.40 1.40 

Internal friction angle(deg) 60.00 50.00 45.00 

�

(4) Analyzed Area 

The analyzed area is a three-dimensional zone that is 700m wide, 700m high 

and 800m long, as illustrated in Fig. 3.8. All boundary areas are fixed in our 

analyses.  The Y-direction was set to east, while the X-direction was set to south. 
�

�

Fig 3.8 Analyzed area

East 

South 

Masato SHIOZAWA � 12/8/17 17:33

�� : For the border condition, the 

whole circumference was set to fixed 

conditions. 

Summary

4th Open Hyper-K Meeting
(January 2014)

Hyper-Kamiokande Experiment has been proposed to explore new physics, such as neutrino oscillations and nucleon 
decay. A geological survey at Hyper-K candidate site has been carried out and confirmed the cavern construction is 
feasible. Hyper-K tank, including the liner and PMT support, has also been designed. Technical Design Documents for 
the detector constructions have been written up. Several R&D programs are progressing in International Working Group.
  Next ‘Open Hyper-K Meeting’ will be held on July 19-22, 2014 at Vancouver, Canada ➜ 

Cavern Stability

• Plasticity region ~13m at most (CM class) → affordable level  
• Proved in the existing underground facilities (ex. power plants)

• For all rock mass classes (B, CH, CM), HK caverns can be 
constructed by the existing excavation/support techniques. 11

CH class (relatively solid rock mass)

12

Affordable cable tension and plasticity region depth 
for B and CH class. 
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(without support)

The HK cavern shape has been designed to be an oval-shape 
to ensure the structural stability of caverns.
The plasticity region depth is ~13m at most for CM-class rock, 
that can be supported with rock-bolts and pre-stressed anchors.
Confirmed that HK caverns can be constructed by the existing 
technologies for all rock mass classes (B, CH, CM).

Cavern stability analysis
• Based on the survey results

(rock mass characteristics and 
initial stresses), structural stability 
of caverns has been studied
• Elasto-plastic, static analysis & adopt 

Hoek-Brown yield (failure) criteria

• The excavation-steps taken into 
account in the studies
• Include the cavern supporting 

material: shotcrete, rock-bolt, and 
Pre-Stressed (PS) anchor

10 19 

 

  
The above results were obtained by averaging data measured at three out of four 

points, eliminating outlying data. 
 

 

Table 3.2 Initial Stresses Calibrated to be  
    Equivalent to the ï370 mL Depth (1.08 times)  

Stress 
component 

(MPa) 

Stress component 
compensated to the 

analytical coordinate 
system (MPa) 

ǔx 12.42 8.10 
ǔy 8.10 12.42 
ǔz 16.31 16.31 
Ǖxy ï2.59 2.59 
Ǖyz ï3.67 6.26 
Ǖzx 6.26 3.67 

 

 

Table 3.1 Initial Stress Measurements Taken at ï300 mL  

 

Schmidt Net: Lower Hemisphere Projection 

East-west section (z-x plane) North-south section (y-z plane) Horizontal plane (x-y plane) 

Horizontal plane projection  
Six Stress Components (MPa) 3D principal stress (MPa) 

In-plane principal stress (MPa) 

 
nel axis 

Initial stress

Cavern Analysis Overview
• Elastic, static analysis was conduced and reported at the 

last meeting
- one calculation for the whole cavern. 
- evaluate the plasticity region based on elastic analysis

- Mohr-Coulomb’s criterion as failure criteria, general (mean) 
values for Young’s modulus 

- design PS anchors, rockbolts, and shotcrete to support the 
loosened area.

- elastic limit of the supports themselves not taken into account

11

• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.

NEW
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values for Young’s modulus 

- design PS anchors, rockbolts, and shotcrete to support the 
loosened area.

- elastic limit of the supports themselves not taken into account

11

• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.

NEW

• elasto-plastic analysis and adopt Hoek-Brown failure criteria
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ᅗ 3.2 Ỉᵴ✵Ὕࡢつᶍ࣭ᙧ≧ 

Planar View 

Longitudinal Sectional View 

Cross-Section View 

Fig. 3.2 Size and Shape of Tank Caverns 
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 (5) Analytical Model (tank caverns) 

We segmented the walls of the tank caverns into the elements indicated in Fig. 
3.9, with reference to the distribution of rock mass classes of the tank caverns (Fig. 
2.3). The cavern ends are finely segmented considering the stress concentration. 

 

 

Fig. 3.9 Segmented Wall Surfaces of Caverns 
 

 

 

(6) Method for Locating Loose Areas  
In this analysis, we defined loose areas as areas where the local safety factor 

(Fs) is 1.0 or less, according to Mohr-Coulomb’s failure criterion which is based on 
the method for determining loose areas of large-scale underground caverns in 
Japan, e.g., Practice of Numerical Analysis in Geotechnical Engineering, published 
by the Japanese Society of Soil Mechanics and Foundation Engineering. 

 

 

 

 

 

Cavern shape
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Fig. 6.3 Division of a Tunnel Face of an Excavated Side-Wall Section of a Tank 
Cavern 

 
 
 
 
6.2 Construction Process 

The process of constructing the tank cavern was evaluated based on references to 
the process estimation standards in Japan. The results are shown in Table 6.1. It 
will take a little over two years to excavate the new and additional sections, 
approach tunnels, belt conveyor tunnels, etc. After constructing these tunnels, a 
little less than three years will be required to excavate the tank cavern. Thus, the 
total process is expected to be completed in just less than five years. 

As described in Section 3.4, displacements and loosened zones can change, 
depending on the results of the further detailed analyses. Although anchors and 
other supports could control such changes, the cost and excavation process will have 
to be modified depending on actual site conditions. 
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SK PMT 
(R3600)

HQE HPD HQE Box&Line 
PMT

Timing resolution σ 2.1ns 1.4ns 1.1ns
1 p.e. charge 
resolution (σ/mean) 53% 16% 35%

Peak to valley ratio 2.2 3.9 4.3

Compared 20” prototypes and confirmed that HQE-HPD and HQE-
B&L PMT have better performance than SK PMT (R3600).

~100 participants
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Time (ns)
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Photoelectron in charge
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• Both box&line PMT and HPD show 
　　　better timing and charge resolution than Super-K PMT

1PE timing resolution

20’’ HPD (8’’ HPD) B&L PMT SK PMT
Timing resolution σ (ns) 1.4 (1.1) 1.1 2.1

FWHM (ns) 3.4 (3.3) 4.1 7.3
calculated FWHM (ns) 0.75* (0.62**) 2.7 5.5
1PE resolution σ/μ 16% (12%) 35% 53%

Peak/Valley 3.9 (5.2) 4.3 2.2

1PE charge resolution
Timing & Charge

*...20mmφ AD w/o preamp, **...5mmφ AD w/o preamp. 

SK PMT
HQE B&L PMT
HQE HPD

1 p.e. transit time
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1 p.e. distributions
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