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Outline

• Hyper-Kamiokande detector baseline design
• Cavern construction

• Tank construction
• Lining, photo-sensor support, etc

• R&Ds for Hyper-Kamiokande

• Summary
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• Cavern size:
   48m(W) x 54m(H) x 250m(L) x 2 caverns
• Cavern shape: oval shape (egg shape)
• Optically separated compartments:    5x2 = 10
• Water Volume:

•Total:    0.496x2=0.992 Megaton
• ID volume:  0.74 Mton
• Fiducial Volume:   0.056x10 = 0.56 Mton
   (25 x Super-K)
• Depth of tank water:    48m

• Number of photo-sensors:    
• ID:    ~99,000 20” photo-sensors (20% photo-coverage)
• OD:  ~25,000 8” photo-sensors (same coverage as SK)

Key parameters of
the baseline design



Cavern 
Construction
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Detector location/site
• The candidate site locates under “Nijugo-yama”

• Tochibora mine
• ~8km south from Super-K
• Identical baseline (295km) and off-axis angle (2.5deg) 

to T2K
• Overburden ~650m (~1755 m.w.e.)
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 same T2K beam off-axis angle (2.5 degree)

/day or 1megaton/80days natural 

Mozumi  
Mine�

Tochibora  
Mine�

~10km�

Super-K�

Hyper-K�

N�
~8km

1,156m a.s.l.�

508m a.s.l.�

overburden!
648m�

-300M�
-370M�
-430M�

0M=845m a.s.l.�

Hyper-K�

25yamaNijugo-yama



Geological survey
at Tochibora-site

• The candidate site vicinity had been used for 
mining, and historically many surveys have been 
done in wide area and at several levels/depths.
• ex. mapping the location of faults

• There are many existing tunnels and shafts at 
the around candidate site.

• The rock mass characterization has been done 
by mapping the existing tunnels and geological 
logging of rock core samples.
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Tunnel      Bore hall core
-300mL (~tank top)
-370mL (tank floor)
-430mL

Overview of the geological survey

Cavern excavation

• geological survey, in-situ 
rock stress tests

• scheduling & costing 
ongoing
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Rock mass characterization

• For both caverns, 90% of bedrock is CH or higher 
grade 

8

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)
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HK tank location

Based on these results, 
established a model of
the rock class distribution 
at HK tank locations.

For both caverns, 90% of bedrock is CH or higher class.



Initial stress measurements
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Fig. 3.5 Stress Measurement Planar View and In-Plane Stress 
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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
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• 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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• 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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Planar View 
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Fig. 3.2 Size and Shape of Tank Caverns 
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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. 
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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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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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（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)

13

- 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
(>70% at HK
location)

CM-class
(20~30% at HK
location)

Plasticity region depth PS-anchor tension

5m
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Construction procedure
• Two major construction stages:

• Tunnel construction [~2 years]
• Construct new tunnels, and widen the existing 

tunnels, arch tunnels, etc.

• Construct the shafts/tunnels for muck (rock waste) 
transportation, belt conveyer tunnels, etc.

• Cavern construction [~3 years]
• Excavate caverns and install prestressed anchors, etc

• North and south caverns in parallel

• Construct water purification rooms

12



13

 

 41 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

189.9

325.3

208.
3

����P�᪂ᆙཱྀ

����P�%&ᆙ㐨ᆙཱྀ

275.1
θ�

θ�

θ�

θ�

θ�

θ�

θ
��
��
�

θ
��
��
��

����
�

᪂つ᥀๐༊㛫ձ

㏣
ษ
᥀
๐
༊
㛫
ձ

㸦: ��
�P�

㸦
: ���P�㞳ྜ⟠ᡤ���

㞳ྜ⟠ᡤ���

㞳ྜ⟠ᡤ���

����

ࠉ

����P�‽࡟㈏㏻

141.2

32.9

����P�ᆙ㐨ᆙཱྀ
ࠉ

984.4

ࠉ

83
5.
9

θ�

θ�

θ
��
��
��

θ�

θ�� θ��
θ�� θ�� θ��

θ�� θ��
θ��

θ
�
�
�
�
�
�
�᪂つ᥀๐༊㛫ղ

᪤タ����P�ᆙ㐨

᪤タ����P�ᆙ㐨

㸦
: 
��
�P
�

㸦: ���P�
ࠉ

ࠉ

᪋ᕤ῭ணᐃ༊㛫ࠉ���P

㞳ྜ⟠ᡤ���

㞳ྜ⟠ᡤ���

㞳ྜ⟠ᡤ���

13
8.
5

θ��
θ��

θ
��

㞳ྜ⟠ᡤ���
㞳ྜ⟠ᡤ���

ᆙ㐨ࢳ࣮ࣟࣉ࢔

ࢺࢵࣆࡾࡎ

໭ഃỈᵴ✵Ὕ

༡ഃỈᵴ✵Ὕ

45.7

θ�

�����

555.3
103.8

33
3.
4

θ
��

㏣ษ᥀๐༊㛫ղ

2750 2750

5500

3
2
0
0

1
8
0
0

5
0
0
0

3500 3500

7000

�
�
�
�

�
�
�
�

5
4
0
0

1500

R4
00
0

2750 2750

5500
3
2
0
0

1
8
0
0

5
0
0
0

4000 4000

8000

2
5
0
0

4
0
0
0

�
�
�
�

2500

C

ᶆ‽᩿㠃 㞳ྜ㒊ᣑᖜ᩿㠃 ᆙ㐨᩿㠃ᶆ‽᩿㠃ࢳ࣮ࣟࣉ࢔

2750 2750

5500

3
2
0
0

1
8
0
0

5
0
0
0

3500 3500

7000

�
�
�
�

�
�
�
�

5
4
0
0

1500

R4
00
0

ᶆ‽᩿㠃 㞳ྜ㒊ᣑᖜ᩿㠃
᪤タᆙ㐨᩿㠃

㸦: ���Pࠊ+ ���P�
⣙��㹫�

3
5
0
0

4000

R3000

R3000 R3000

LCL

CLCL CLCL

ᅗࢫࢭࢡ࢔��ᆙ㐨඲యᅗᅗ  ᆙ㐨඲యᅗࢫࢭࢡ࢔ 5.1

ᶆ‽᩿㠃 㞳ྜ㒊ᣑᖜ᩿㠃
䠄㼃㻩㻡㻚㻡䡉䚸㻴㻩㻡㻚㻜䡉䠅 䠄㼃㻩㻣㻚㻜䡉䚸㻴㻩㻡㻚㻠䡉䠅

᪂つ᥀๐༊㛫䐟 㻞㻡㻞㻚㻢 㻡㻞 㻟㻜㻠㻚㻢
㏣ษ᥀๐༊㛫䐟 㻝㻥㻝㻚㻝 㻤㻠 㻞㻣㻡㻚㻝
᪂つ᥀๐༊㛫䐠 㻤㻥㻤㻚㻠 㻤㻢 㻥㻤㻠㻚㻠
㏣ษ᥀๐༊㛫䐠 㻢㻝㻟㻚㻥 222 㻤㻟㻡㻚㻥

ィ 㻝㻥㻡㻢㻚㻜 㻠㻠㻠 㻞㻠㻜㻜㻚㻜

ィ

 
N
o
�
�
�
�
�
�
 

Approach 
t l 

-450mL New tunnel entrance  

Passing  site (1)  

Passing  site (2)  

Standard cross section  Standard cross section  

-370mL tunnel  entrance  

Passing  site (4)  

Passing  site (5)  

-430mL BC tunnel entrance  

 New excavation section ձ 

 New excavation section ղ 
 Additional excavation section ձ 

 Additional excavation section ղ 

Total 

Standard cross 
 (W = 5.5 m㸪H = 5.0 

 
(W = 7.0 m㸪H = 5.4 
 

 

-370mL tunnel   

-430mL tunnel   

North-side 
C  

South-side 
C  

Passing  site (8)  

Passing  site (8)  

Widened cross-section of  passing site Widened cross-section of  passing site 

Penetrating into the –370 m level  

Approach tunnel cross section  

Passing  site (9)  

Passing  
 

Passing  site (7)  
Passing  site (6)  

Existing tunnel cross-section 

Widened c ross -s ec t ion of  
  Total 

 Additional excavation section ձ
 275.1m 
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 Fig. 5.1 General Views of Access Tunnels  

 
~13 m2 

:  New tunnels

 

 43 

 (2) Approach tunnels 

The tunnels leading from the access tunnel into the group of tunnels connected 

to the tank caverns are collectively called “approach tunnels.” 

There are four stages of approach tunnels: 1st-, 2nd-, 3rd- and 4th-stage 

approach tunnels (see Figs. 5.3 and 5.4). The 1st-stage approach tunnels consist of 

arch work tunnels, arch central tunnels, access tunnels ձ to մ, and observation 

tunnels, which separate in the vicinity of the mine entrance access tunnel ‘No. 15 

+ 64’ (drawn in the lower left part penetrating into the ï370 m level of the central 

part in Fig. 5.1) and head into the tank caverns. The 2nd-stage, 3rd-stage and 

4th-stage approach tunnels head into the caverns from the access tunnel end. 

Figure 5.5 illustrates the plans of all approach tunnels. Figure 5.6 shows 

cross-sections of the tank caverns and layout of approach tunnels. 
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Cavern construction
• Cavern construction goes 

from top to bottom step-
by-step:
• Arch section (top-most 

portion of the cavern)

• 1st~9th benches
• Each bench: ~5m height

• Install shotcrete, rock-bolt, 
PS-anchors at each step
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a. Arch section excavation plan 

Figure 6.2 illustrates the division of the tunnel face of the arch section to be 

excavated. The excavation of the arch section will take place in sections, from top 

heading Al, to top heading spreading AlĻ, arch section 1st-enlargement A2, arch 

section spreading A2Ļ and to arch section 2nd-enlargement A3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.2 Division of the Tunnel Face of an Arch Section  

 

 

b. Excavation plan for side wall section (Benches 1 to 9) 

Figure 6.3 illustrates the division of the tunnel face of the side wall section to be 

excavated. All nine benches are approximately 5 m in height. Each bench will be 

divided into a bench section and side-wall section. Excavation will start in the 

bench section by blasting in a vertical direction. Then, excavation of the side-wall 

section will be done by blasting in a horizontal direction, which gives a finish of 

the surface on the side-wall section.  
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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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Fig. 6.1 Overview of Tank Cavern  
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Muck disposal
• Muck (rock waste) 

transported to Maru-yama  
using belt-conveyor
• ~5 km long path from HK 

site (Tochibora)

• Maximum excavation 
volume: 4,000 m3 / day

• Need detailed survey/study 
on bedrock condition of 
Maru-yama

15

Study for rock disposal place

16

• We are planning to stack waste rock 
at the top of Maru-yama.
• Concern about rock sliding.
• Feasibility study was done.

Study for rock disposal place

16

• We are planning to stack waste rock 
at the top of Maru-yama.
• Concern about rock sliding.
• Feasibility study was done.

HK tank

Maru-yama

Maru-yama

1M m3 excavation
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Construction schedule

• Cavern construction period: ~5 years
• Construction of tunnels: ~2 years

• Excavation of caverns: ~3 years

16

for Tochibora site

Tunnels ~2yrs

Caverns ~3yrs



Other candidate site
• Mozumi-site would be a second

choice, where potentially provides
more overburden
• >700m (cf. Tochibora-site: ~650m)

• Preferable for low energy physics

• Under Mt. Ikenoyama (near SK)

• No geological survey in the past

• Geological surveys carried out in the late 2013
• 250m long rock sampling (for rock characterization)

• ~14m (in total) rock samplings (for rock strength)

• Based on the survey results, the cavern stability 
analyses in progress
• HK construction cost and schedule will follow

• Decision by HK physics sensitivity & cost/schedule
17
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Liner and
Photo-sensor Support
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HK detector
• Hyper-K detector consists of 10 compartments 

which are optically separated

• One compartment consists of Inner Detector 
(ID) and Outer Detector (OD), like SK
• ID uses 20” photo-sensors, ~20% photo-coverage

• OD uses 8” photo-sensors, ~1% photo-coverage

19
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Concrete lining
HDPE lining

Rock

Shotcrete

Waterproof sheet
(multi-layer sheet)

Drain pipes
(for sump water)

• Tank lining consists of concrete (35~60cm) 
and Polyethylene (5~10mm) linings

• Plus, additional lining with a waterproof sheet

• To prevent mixing sump-water and tank-
water

• Drain lines are separated for sump-water and 
tank-water.
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welded

Polyethylene sheet

Drain pipe
(for leak water from tank)

Water containment system



Water containment system
Polyethylene (HDPE) lining sheet has a number 
of studs protruding from one side, that fasten 
the lining sheet on the concrete.
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Form

HDPE	
  sheet
(5-­‐10mm)

Pour	
  concrete	
  aMer	
  
construct	
  a	
  form	
  with	
  
HDPE	
  sheets

Waterproof	
  sheet
Shotcrete

Ro
ck

Disassemble
the	
  form

35-­‐60cm

• Enable to construct HDPE lining and concrete 
lining simultaneously

• HDPE sheets are welded together
• Holes on the lining sheet can be identified by 

pinhole test / spark testing

In
ne

r	
  s
ur
fa
ce

welded



Lining sheet testing
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HDPE	
  sheet

Concrete
HDPE	
  coa6ng

Wing	
  part

Welding	
  part

• Material compatibility testing
• Soak in ultra-pure water & 1% 

gadolinium sulfate solution

• Tensile & creep testings
• Tested the base material and 

welded part

• Pressure testings
• Including ‘pin hole’ testing

• Apply pressure up to 8kgf/cm2

• Tested also the penetrating 
structure (used for anchors for 
the photo-sensor support)

• ➜ Confirmed HDPE lining 
satisfactory to HK



Photo-sensor support
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•PMT    
• ID:    99,000 20” PMTs (20% photo-coverage)
• OD:  25,000 8” PMTs (same coverage as SK)

Outer PMT (8”)

Inner PMT (20”)

• Number of photo-sensors
• Inner Detector: ~99,000 of 20” (20% photo-coverage)

• Outer Detector: ~25,000 of 8” (identical coverage to SK) 

• Stainless-steel (SUS304) supporting structure holds 
photo-sensors



Supporting structure
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Barrel part Segmentation wall Assembly

• Structure designed by taking 
the material/equipments 
loads into account:
• Photo-sensors and its housing,

• Front-end electronics,

• Power/signal/network cables, 

• Water pipes,

• Calibration system,

• etc, etc

ID	
  PMT	
  +	
  housing 27.8kg/PMT
OD	
  PMT 1.7kg/PMT

PMT	
  cable	
  (10m) 2kg/PMT
HUB 5kg/HUB

Network	
  cable	
  (10m) 2kg/HUB
Load	
  on	
  the	
  roof 100kg/m2

Cables	
  on	
  the	
  roof 0.15kg/m2

Water	
  system	
  pipes 1.4kg/m	
  (65A	
  PVC)
Calibra6on	
  holes 200A	
  SUS



Other designing work
• Major part of HK tank has been designed.
• Include layout of water pipes, front-end electronics, 

cables, calibration holes, plug manholes, ... etc.
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5940mm

39
60

m
m

: Cable for outer PMT
: Network/Power cable

: Cable for inner PMT
: Support structure

: Hub / Front End Electronics

: Inner photo-sensor (20”)

: Outer photo-sensor (8”)

Electronics & 
cable layout

: Outer bottom pipe 

: Outer top pipe

: Inner top pipe

: Inlet/Outlet        

: Inner barrel pipe 

: Outer barrel pipe 

: Inner bottom pipe 

Water pipe layout
Calibration holes

Plug 
manhole



Lining and support construction
• Use a “movable” scaffolding to construct the 

lining (concrete lining, HDPE lining, etc)
• Size of the scaffolding is about a compartment (50m)

• Move the scaffolding to the next compartment 
after the lining finished in a compartment

• Support structure construction begins in the 
compartment where the lining finished
• Use ‘long-arm’ cranes
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Support	
  structure
construc6on

Scaffold	
  (side	
  view)Scaffold	
  (front	
  view)

51m

48
m



表 12.2: PMT設置方法の比較（表中の図を見やすいものに差し替えてください。差し替
えた図が見つかりませんでした。結論等をここに（キャプションとして）書いてくださ
い。）図データ差し替え (MES)

ケース 1：同時設置 ケース 2：後追い設置 ケース 3：後設置
概略 架構構築と同時にPMTを設

置、架構とPMTを地組し一
緒に設置

架構 50m 分構築後に PMT
ユニットを設置

架構全てを設置後にPMTユ
ニットを設置

工期 メリット 架構設置と同時にPMT設置
が完了

比較的設置が早く完了（ケー
ス 3に対して）

-

デメリット 丁寧なハンドリングになるの
で架構本体の設置時間を要す
る

- 設置完了までの工期が延びる
（ケース 1、2に対して）

PMT メリット - - -
安全性 デメリット 破壊させないよう要領に気配

り必要
- -

清潔度 メリット - - 汚す可能性が低い
デメリット 汚さない対策必要（隣の 50m

区画ではコンクリート打設を
行っている）

汚さない対策必要（隣の 50m
区画ではコンクリート打設を
行っている）

-

課題点 · PMT破壊防止および汚染
防止の設置要領が必要

· 汚染防止の設置要領が必要
·仮設用治具が必要（天秤等）

· 重機の使用を避けるべき
（排ガス）

· PMT無しよりは作業進捗
劣る

· PMT12個／ 1ユニット ※電動ウィンチで対応の可能
性あり、ただし工期が著しく
伸びる
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Photo-sensor installation

• Baseline: Install photo-sensors in a compartment 
where lining and support structure constructed
• (Lining → Support structure → Photo-sensor)

• Possible options (but impact to safety and cost)
• Install photo-sensors in parallel w/ support construction

• Install photo-sensors during the water filling
27

250m

Support 
structure 

construction

Lining
construction

50m
Photo-sensor 

installation



Tank construction schedule

• Tank construction: ~2 years
• Lining: 1+ years, PMT installation: ~1 year

• Two tanks construction in parallel. 28

Lining

PMT &
support
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New Photo-sensor 
R&D

90ns

8mV
1p.e.

2p.e.

3p.e.



Photo-sensor candidates
• The baseline design uses 20” PMTs (SK type PMT)

• Photo-sensors w/ better performance beneficial 
for Hyper-K physics and cost

• New photo-sensors R&D are in progress
• Hybrid Photo-detector (HPD)

• Box and Line dynodes PMT

• High Quantum Efficiency (HQE) tube
• Applicable for all photo-sensor candidates
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2!prototypes!are!under!development!and!test!in!HPK.�
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Vene=an!
blind!dynode�

Avalanche!
diode�

Box,and,
line!dynode�

Model� R3600!(Used!for!~30!yrs)� R12850!(Under!development)� R12860!(Under!development)�

C.E.� 80%� 95%� 93%�

T.T.S.,(FWHM)� 5.5,ns� 0.75ns,(w/o,Preamp.)� 2.7,ns�

Bias,voltage� 2,kV,bias� 8,kV,bias,,20mm,φ,AD� 2,kV,bias�

50
.8
!c
m
!φ
�

Mounted!in!
Super8!
Kamiokande�

New� New�

Calculated!!
in!simula=on�

!  Evalua=on!will!start!soon!at!Kamioka!since!spring!2014.!
!  Proof!test!in!the!2008ton!tank!could!start!in!2014.!!

HPD B&L dynodes PMTSK PMT



Hybrid Photo-detector
• Hybrid Photo-detector (HPD) is a new type of photo-

sensor with an avalanche diode, replacing metal dynode.

• HPDs have a better performances than standard PMTs:
• Timing resolution: shorter e-multiplication process

• Collection efficiency: higher operating voltage (~10kV) 

• Lower cost: mechanically simple

• 8” HPDs prototypes are bing tested (see later slides)
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ｅ
ｅ

~8kV

Avalanche Diode (AD)

x ~400

~260V

x ~100
AD gainBombardment gain

        ΔV
 ~ -260V

pho
ton 5mmϕ AD

8”HPD 20”HPD 20”PMT
HV ~8kV ~8kV ~2kV
Gain 104-105 104-105 ~107

TTS(ns) 0.6 0.8(*) 5.5
C.E. ~97% ~95%(*) ~80%

AD dia. 5mm 20mm -
(*) expectation from field calculation. 

preliminary value➜ Total gain: 104~105



High QE photo-sensor
• HQE cathode applicable for all photo-sensors 

candidates (SK type PMT, box&line dynode PMT, HPD)

• Photo-cathode technology identical for all sensors

• HQE technique has been
developed by HPK, and
achieved QE ~30%
• cf. SK type PMT: ~22%

• 20” HQE PMT prototypes
are being tested
(see later slides)
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ZP0007
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ZP0021

ZP0022

ZP0024

ZP0025

Normal SK PMT

QE

20”!PMT!
(R3600,!HPK,!
!!22%!QE)�

QE!of!8!High8QE!PMTs!at!Kamioka�

30%$High)QE�

88inch!photocathode�

10V�

Signal�5mm!φ!!
avalanche!diode!(AD)�

30cm�
20cm�

!  Same!design!as!R3600!used!for!
Super8K,!except!for!photocathode!

!  Precalibrate!8!PMTs!in!advance,!
installed!5,HQE,PMTs!into!tank.!

!  High!QE!is!upgrade!op=on!for!all!
photodetectors�

!  HV!module!and!
preamplifier!were!built8in.!

!  Precalibrate!10!HPDs,!
install!8,HPDs!into!tank.!

8kV↓�

20” HQE  PMTs



Testing in 200t Č detector
• New photo-sensors being tested in 200t water 

Cherenkov detector (EGADS detector)
• 5 High QE PMTs (20”)

• 8 HPDs (8”)

• and 227 SK type PMTs (20”)

• Preliminary testing results
(next slides)
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208inch!!
high8QE!PMT�

88inch!HPD�

Inside!of!2008ton!water!tank!viewed!from!top�

227!Super8K!PMT!(20”)!
+!5!High8QE!PMT!(20”)!
+!8!HPD!(8”)!�

[Many!pics!in!hqp://www.icrr.u8tokyo.ac.jp/~ynisi/pic/EGADS/index.php!]�

EGADS!
200t!tank�~ 7!

m�

208inch!!
high8Q

E!PM
T�

88inch!HPD
�

EGADS!
200t!tank�~ 7!

m�
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High-QE PMT
8-inch HPD

Charge (pC)Observed!cosmic!ray!muon!�
Cosmic!μ!
event!display!
in!EGADS!
2008ton!tank�

Long term test in EGADS

• Evaluate performance as a sensor for water 
Cherenkov detector

• Direct comparison to 
20” PMT used for Super-K

• Long term operation experience

• Stability / lifetime of device

• Identify possible problems 
and feedback to the design
of the final device
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15/Jan.)2013� HPD)Development)(Y.Nishimura)� ��

!  Install%eight%8”%HPDs%
%%%at%first%proof%test%

!  Replace%several%20”%PMTs%

%%%%with%Hyper<K%PD%candidates%

%%%%%%%%%%%during%EGADS%experiment%%

Evaluating Gadolinium’s Action on Detector Systems�
200<ton%test%tank%to%demonstrate%the%GADZOOKS!%Idea.�

%0.2%%Gd%water%

%in%~200%ton%water%tank�

20”%PMTs%x%240�

Main%water%

circula?on%

system�

Transparency%

measurement%

Pre<treatment%

system�

8<inch%HPD%

and%%

20<inch%PMT%

By#much#help#of#
########EGADS#group�

(Gadolinium%An?neutrino%Detector%Zealously%Outperforming%Old%Kamiokande%Super!)�

EGADS%200t%tank�

~ 7%m�

ν�� p�
n�

���
Visible)
)in)EGADS�Gd�

Cherenkov%

%ring�

Delayed%γs%
(~8%MeV)�

An?<neutrino%tagging%by%neutron�

1000m%underground,%

Kamioka%mine�



• HPDs and HQE PMTs show 
clear 1p.e. peak

• HPD
• Clear multi-p.e. peaks; good 

photon counting capability

• High peak/valley ratio 34
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stand measurement)

Measured in 200t water Č detector



Threshold [mV]
2 4 6 8 10 12 14 16

D
ar

k 
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te
 [k

H
z]

-110

1

10

210

310

EHD0074

EHD0092

EHD0083

EHD0078

EHD0080

EHD0091

EHD0095

HPD dark rate

Dark rates

• HPDs and HQE PMTs dark rates at 1p.e.:1~8kHz 
→ Similar level to SK type PMTs
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Measured in 200t water Č detector
!  !Scanned!dark!rate!by!ATM!hit!threshold!in!Jan!2014.!!

!  2!high8QE!PMTs!(ZP21,12)!and!1!HPD!are!unstable,!1!HPD!has!high!rate.!!
"  Large!noise!around!pedestal.!S=ll!under!inves=ga=on!and!try!noise!reduc=on.!!

!  Enough!low!around!1!kHz!for!4!HPDs!
!  High8QE!PMTs!show!a!liqle!high!rate.!

"  Wai=ng!for!stabiliza=on!with!HV!applied!for!a!long!period.!
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Transit Time Spread

• HPDs show better TTS than SK style/HQE PMTs
• Pre-amplifier impacts to TTS (can be improved)

36

 [ns]mPeak in 
2 2.5 3 3.5 4 4.5

N
um

be
r o

f p
ho

to
se

ns
or

s

1

10

!  Timing!resolu=on!at!1!p.e.!is!measured!with!a!laser!diode.!

!  NOTE!
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Box & Line dynodes PMT
• Higher photo-electron collection efficiency (93%)
• Larger acceptance of 1st dynode

• Fast time response (TTS: 2.7ns)
• Electron multiplication path almost identical

• 20” Box & Line PMT prototype just delivered to 
Kamioka and start the testing
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! Good!photon!collec=on!by!box!shape!1st!dynode!
! Fast!=me!response!by!linear8focused!dynode!!

" New!design!of!box!and!line!dynode!and!High!QE!on!it!
demands!well!op=mizing!and!manufacturing!process.!
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4.1    Basic Characteristics of Photocathodes
43

4.2
Basic Characteristics of Dynodes

This section introduces typical dynode types currently in use and describes their basic characteristics:
collection efficiency and gain (current amplification).

4.2.1
Dynode types and features

There are a variety of dynode types available and each type exhibits different gain, time response, unifor-
mity and secondary-electron collection efficiency depending upon the structure and the number of stages. The
optimum dynode type must be selected according to application. Figure 4-11 illustrates the cross sectional
views of typical dynodes and their features are briefly discussed in the following sections. MCP-PMT's incor-
porating a microchannel plate for the dynode and photomultiplier tubes using a mesh dynode are respectively
described in detail in Chapter 9 and Chapter 10. The electron bombardment type is explained in detail in
Chapter 11.

Coarse mesh
Fine mesh

(8) Eelectron Bombadment Type

ElectronElectron
Electron

Electron

Electron

AD

(1) Circular-cage Type

(3) Linear-focused Type

(5) Mesh Type

(2) Box-and-grid Type

(4) Venetian Blind Type

(6)  Microchannel Plate Type

(7) Metal Channel Dynode Type
THBV3_0411EA

Figure 4-11: Types of electron multipliers
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Sensor R&D status & plan
• 8” HPDs and 20” HQE PMTs prototypes being 

tested in 200t water Č detector (previous slides)

• Direct comparison with SK type PMTs

• Long term operation experience: stability and 
lifetime of the devices

• The first prototype of 20” HPDs and 20” Box & 
Line dynodes PMTs just delivered
• with HQE photo-cathode

• Will evaluate the performance & identify possible 
problems and feedback to the final design

• Plan to install 20” HPD and B&L PMT in 200t 
water Cherenkov detector after the Lab testing

38



Other R&Ds
• Photosensor housing

• ex. implosion test

• Water system

• Readout electronics

• Calibration system

• Software development

• Physics potential

• Design of near detector(s)

• ...

• Progress within international 
working group

39

In!Hyper3K!
!  !5!GB/s!before!soqware!trigger!
!  !Record!<!100!MB/sec!�
17/May/2012� Hyper3K!photo3sensor!and!DAQ!(Nishimura)� ���

D DAQ system 31
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FIG. 15. Schematic diagram of the data acquisition system.

the order of timing and send it out to the merger computers. The merger computers each collect all

the hit information from a compartment and apply a software trigger to remove noise hits. Then,

the organizer computer collects the event from the mergers, eliminates overlapping events, and

send them to the o⇥ine computer system. This system reads out all the digitized hit information

from the PMTs and selects the events with software. This system has been working without any

problem in Super-K for more than 2 years. Therefore, it is safe to say that there are no serious

technical di�culties in preparing the DAQ system for this new detector with the currently available

and well established tools at hand. The expected data rate from the entire Hyper-K detector is

about 5 GB/s before applying the software trigger. After the first level software trigger, it will

be reduced by 1/50 and another factor of five reduction could be achieved with Super-K-style

intelligent vertex fitters applied in the o⇥ine computer system. In the end, the data rate written

to disk is expected to be less than 100 MB/sec in total.

1. R&D items for the DAQ system

A possible di�culty which could arise would involve physically running over 100,000 cables from

the PMTs – arranged as they must be throughout the immense tank – into the DAQ system. The

In!Super3K� Immersed!in!water?�
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to!99,000�

Most!parts!are!similar!to!Super3K�

///Water/System�

Compressor� Dryer�
0.3\m//
filter� Buffer�

H2O,CO2//
remover�

20oC/
Charcoal�

0.1\m//
filter�

0.01\m//
filter�

0.01\m//
filter�

&40oC/
Charcoal�

Buffer�

Rn/Free/Air/Generator/(400Nm3/h)�

/300t/h/for/ini<al/supply/�

1200t/h/for/recircula<on/�

Mine/
water/

10\m/filter� Buffer� RO� ///CO2/
remover�

DI(MB)/

//Buffer///� Chiller/////�UV/ DI(CP)/ MD/

1\m/filter�

UF/

Radon/free//Air/

HK#Tank#

Radon/free//Air/ Radon/free//Air/

Pre-calibration
• A fraction of PMTs are calibrated prior to installation, 

called “standard PMTs”
• All other PMTs are calibrated in situ after installed with 

reference to the standard PMTs.

• SK pre-calibration
• SK have 420 of standard PMTs (~4%)
• The standard PMTs were installed in the tank geometrically symmetric.

• Pre-calibration determined HV values of the standard PMTs to 
obtain the identical charge (30 p.e.) between them.

• Pre-calibration took ~2 weeks

9

Precalib PMTs: (41+40)*2[end-cap]+(50*3)*2[barrel]
+(23)[top]+(21)[bottom]
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Figure 8: The observed charge differences between the first and second measurements in pre-

calibration for checking reproducibility. It was checked using 50 of the 420 standard PMTs.
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Figure 9: The observed charge differences in all the PMTs from the reference value.
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input into our MC. The PMTs’ production terms were categorized as
“SK-II PMT” : PMTs used before SK-II,
“SK-III PMT” : PMTs newly installed at SK-III.

Figure 28: The location of “standard PMTs” inside the SK inner detector.
The red points indicate the locations of a standard PMTs.

3.2.2 pre calibration

(author : T.Iida)
As was mentioned in earlier sections, we established “standard PMTs” whose
gains were adjusted to be within a few percent of one another. These were
used to help tune the HV of the inner detector PMTs. The adjustment
work for these “standard PMT” had been done before SK-III started, in
September, 2005, and has been labeled as “pre-calibration”.

Setup A schematic view of our setup for the standard PMT calibration is
shown in Figure 29. We calibrated 420 standard PMTs using a Xe lamp as
the light source. The Xe lamp (L4634-01) made by Hamamatsu photonics
was an optimum light source for our purpose. Its output intensity instability
was 5% at maximum, and over its lifetime should produce 5×108 flashes.
(See also Section 2.2 for more details on the Xe lamp.) Its time constant

31

SK ‘standard PMTs’
location

Pre-calib setup

Tuesday, January 15, 13

Charge to p.e. conversion
• Conversion factor from charge (pC) to photo-

electron (p.e.) can be obtained by measuring 
1 p.e. distribution

• Deploy “Nickel source” to obtain 1 p.e. level light
• Nickel source ≡ nickel-californium source,

Ni(n,γ)Ni, Eγ~9MeV

13
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Figure 13: The 1 p.e. distributions in pC unit by nickel source data in SK-III. Both figures

are same, but different scale. The black line in the left figure shows the data with normal

PMT gain, the green line shows the data with double gain and half threshold, and the red

line is linear extrapolation.

3.1.7. Charge linearity364

The integrated charge linearity of the electronics is presented in this section.365

The one for the QTC chip which is used in the QBEE was within 1% by the366

measurement during its development. As shown in the Table 2, the QTC chip367

has a wide dynamic range and three levels of charge readout. The linearity of368

the QBEE modules for these entire ranges was checked after installation into369

SK.370

The schematic view of data taking is shown in Figure 15. We prepared eight371

20-inch PMTs as monitors. They were connected to a CAMAC ADC (LeCroy372

2249W) whose performance was well known. At first, the charge linearity of373

monitor 20-inch PMTs was measured using this system, and was less than 1%.374

In order to survey a wide dynamic range, the light source was set in an off-center375

position, and we selected these monitor 20-inch PMTs near the light source and376

applied four different gains to them. These monitor PMTs were used for an377

estimation of the expected charge for other PMTs from different light intensities.378

The measurements with 30 different light amount sets were done, and the charge379

22

SK 1 p.e. distribution

SK Nickel source
(accumulated over all PMTs)

1 p.e. ~2.7 pC

Tuesday, January 15, 13



Summary
• Hyper-K detector baseline design is ready
• Detector construction cost and schedule evaluated

• Technical design documents available shortly

• Design optimization and further cost reduction 
being investigated

• Several R&Ds and prototype testings are 
progressing in international working groups
• Photo-sensors, software, water system, electronics, 

calibration,  etc.

• For further details, see slides at HK meetings:
• http://indico.ipmu.jp/indico/conferenceDisplay.py?

ovw=True&confId=29 (4th HK Open Meeting)

• cf. next (5th) Hyper-K Open Meeting: July 19~21
40

http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=29
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Supplements
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Cavern shape
• Analyzed cavern stability for other cavern shapes

• Depth of plasticity region:
• Oval shape (Baseline): ~14m

• Straight wall (A): ~15m

• Straight wall (B): ~21m

• For CM-class or worser rock mass, the depth of plasticity 
region for straight wall is beyond the manageable level 
with existing techniques.
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Wire	
  support	
  op6ons	
  

oPMT	
  suppor6ng	
  by	
  wires	
  has	
  also	
  been	
  studied
àFound	
  the	
  construc6on	
  cost	
  is	
  comparable	
  (even	
  higher)

n Wire	
  termina6on	
  requires	
  special	
  works	
  and	
  parts
n Devices	
  to	
  give	
  ini6al	
  tensions	
  and	
  addi6onal	
  tensions	
  when	
  a	
  wire	
  

stretches	
  aMerwards
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1km

Ikeno-yamaWest Mozumi

Nijugo-yama

Maruyama (disposal place)

茂住西～円山　約5.5km

二十五山～円山　約2.5km

2.5km

~5.5km

“Tochibora-site”

“Mozumi-site”


