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l It	  is	  cri<cal	  to	  operate	  HK	  for	  a	  long	  period	  
	  	  by	  photodetectors	  with	  safety	  design	  and	  test,	  
	  	  	  	  	  	  and	  protec1ve	  cases	  to	  avoid	  chain	  implosion.	  
¡ 	  We	  never	  repeat	  the	  accident	  occurred	  at	  Super-‐K.	  	  	  

l Height	  of	  HK	  tank	  is	  limited	  	  
	  	  	  	  	  	  by	  pressure	  resistance	  of	  photodetector.	  	  
¡ SK	  :	  40m,	  HK	  (baseline)	  :	  50m,	  HK	  deepest	  op<on	  :	  100m	  
¡ New	  photodetectors	  have	  higher	  water	  bearing	  
pressure	  than	  Super-‐K	  PMT	  in	  design.	  (but	  how	  deep?)	  

l Possible	  op<ons	  and	  its	  concern,	  	  
as	  well	  as	  strategy	  for	  safety	  test,	  is	  reviewed.	  	  
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l  It	  just	  shows	  design,	  but	  we	  need	  a	  test	  to	  know	  actual	  performance.	  
¡  Ability	  of	  test	  facility	  is	  not	  sufficient	  now	  to	  confirm	  more	  tolerance	  for	  deeper	  water	  op<on.	  

l  Should	  keep	  enough	  room	  on	  safety	  factor	  as	  much	  as	  possible	  with	  considering	  few	  
failure,	  because	  quality	  control	  is	  difficult	  on	  manufacture	  by	  hand.	  
¡  Mass	  test	  and	  protec<ve	  case	  are	  important	  to	  minimize	  failure.	
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Stress	  analysis	  on	  50cm	  glass	  valves	

Test	  status	

Weakest	  bearing	  pressure	  in	  water	  
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ロングタイプHPD

0.01MPa
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20.6MPa

R3600

破壊箇所

26.5MPa

28.5MPa

R85

1.0mm

26.3MPa

水圧試験と応力解析の結果から
破壊応力値を27MPa（参考値）とした

（付加気圧：0.75MPa時）

R75

No	  stress	 No	  stress	

Most	  weak,	  but	  guarded	  	  
by	  waterproofed	

Greatly	  improved,	  no	  ma3er	  

Analysis	  with	  waterproof	  structure	  is	  also	  under	  evalua<on.	

Tested	  at	  once	  
	  	  	  w/o	  broken	  in	  0.92MPa	  	

66m	

(Waterproofed	  version	  is	  not	  available	  yet)	

Tested	  at	  once	  
	  	  	  w/o	  broken	  in	  0.92MPa	

(Maximal	  seang)	

16/4727	  SK	  PMTs	  (0.3%)	  were	  broken	  
	  in	  0.67MPa	  test	

Both	  new	  2	  PDs	  show	  good	  improvements.	

Op<on	  to	  apply	  HPD	  shape	  to	  PMT	  
	  is	  allowed,	  but	  performance	  
	  (<me,	  etc.)	  will	  be	  worsen.	

→250m?	
(Values	  based	  on	  rough	  assump<on)	



l  Even	  if	  50	  cm	  PDs	  are	  not	  sufficient	  as	  for	  high	  pressure	  resistant,	  
deep	  water	  tank	  is	  possible	  with	  small	  photosensor.	  
¡  If	  both	  cost	  and	  detec<on	  performance	  is	  reasonable…	  	  

l  Stress	  for	  spherical	  valve	  ∝	  (Sta<c	  pressure)×(Radius)/(Thickness)	
¡  Smaller	  radius	  would	  bring	  higher	  bearing	  pressure.	  

l  12	  –	  13	  inch	  (30–33	  cm)	  PDs	  are	  available	  in	  several	  manufacturers.	  

l  S<ll	  50cm	  PD	  R&D	  will	  proceed	  as	  baseline	  size.	  	  
¡  Similarity	  version	  of	  new	  50	  cm	  PDs	  would	  be	  also	  possible	  for	  small	  one.	  	  

▶  Performance	  would	  improve	  and	  be	  equipped	  with	  high	  pressure	  tolerance	  
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R&D status of HAPD Toshinori Abe 
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1. Lower operation HV of 10 kV (versus 20 kV for the 13-inch HAPD). 
2. A significantly smaller spread of transit time between the center of photocathode and 70 

degree angle from the tube axis (210 ps) than that (500 ps) for the 13-inch HAPD. 
The detailed studies of the performances of the 8-inch aperture HAPD should be reported 

soon. 

 

6.Summary 

We have developed a large-aperture (13-inch) HAPD and its readout system. This HAPD 
has demonstrated excellent performance. A fast waveform sampling device has also been 
developed. Prototypes of the new compact HV and bias voltage power supplies and the 8-inch 
aperture HAPD are now being produced. 
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Fig. 5 8-inch aperture HAPD (left) and 13-inch aperture HAPD (right) 
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l  3	  op<ons	  were	  tested	  in	  SK	  tank	  with	  varied	  thickness	  
under	  36m	  water	  depth	  by	  demonstra<ng	  protec<on	  from	  
implosion.	  

l All	  acrylic	  case	  
¡ Sufficient	  to	  protect	  PMT	  
¡ Might	  be	  hard	  to	  keep	  good	  quality	  control	  
¡ Quality	  of	  assembling	  is	  concerned.	  	  

l  Stainless	  steel	  +	  acrylic	  case	  
¡ Too	  heavy	  to	  be	  aoached	  on	  SK	  wall	  	  
structure	  with	  sufficient	  protec<on	  

l  FRP	  +	  acrylic	  case	   	  
¡ Low	  Rn	  contamina<on	  expected	  
¡ Num.	  of	  layers	  of	  FRP	  is	  also	  surveyed.	  
¡ adopted	  for	  SK	  case	  finally	  
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Stainless	  steel	

All	  acrylic	  	  
case	



l  FRP	  -‐	  Fiber	  Reinforced	  Plas<cs	  
l  Acrylic	  face	  with	  good	  transparency	  

¡  Small	  holes	  make	  shockwave	  weak	  	  
w/o	  breakdown	  of	  case	  

l  Found	  out	  to	  be	  undesired	  	  
	  	  	  	  	  for	  low	  energy	  events.	  
¡  Light	  from	  FRP	  is	  protected	  by	  black	  sheet	  in	  SK	
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	Dark	  rate	  example	  in	  200ton	  water	  tank	

NOTE	  :	  No	  light	  shield	  between	  	  
FRP	  and	  PMT,	  which	  is	  inserted	  in	  SK	

High	  rate	  due	  to	  	  
	  	  FRP	  light	  emission	

Designed	  arer	  1st	  SK	  construc<on	  for	  reconstruc<on	  
	  →	  Can	  be	  well	  op<mized	  (unified	  with	  photsensor,	  etc.)	  
	  	  	  	  	  	  	  	  to	  minimize	  cost	  and	  construc<on	  work	



l  Studying	  possibility	  of	  stainless	  steel	  and	  acrylic	  case	  op<on	  
¡ With	  light	  mass	  and	  strong	  tank	  structure	  
¡ For	  the	  first	  case	  study	  

l Asking	  analysis	  in	  various	  cases	  
¡ Find	  op<mum	  thickness	  of	  steel	  and	  acryl	  	  
¡  Implosion	  is	  simulated	  
¡  In	  deep	  water	  (such	  as	  80m)	  
¡ Accurate	  shape	  implementa<on	  and	  	  
cost	  es<ma<on	  are	  ongoing.	  	  

¡ Might	  be	  unified	  with	  passive	  magne<c	  shield	  	  
if	  ac<ve	  compensa<on	  is	  not	  sufficient.	  

l Need	  many	  tests	  in	  high	  pressure	  with	  implosion	  later	  
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l  Bands	  :	  screws	  safely	  aoached	  on	  glass	  for	  moun<ng	  
¡  Materials	  are	  not	  good	  in	  terms	  of	  water	  purity	  

l  Many	  steps	  of	  assembly	  process	  are	  required.	  	  
¡  Failure	  or	  stress	  might	  be	  occurred	  during	  a	  lot	  of	  photosensor	  	  

assembly	  by	  working	  person	  	  

l  Photosensor	  and	  case	  complex,	  assembled	  before	  delivery	  to	  HK	  
construc<on	  site,	  might	  allow	  good	  quality	  control	  and	  cost	  reduc<on.	  
¡  Case	  with	  moun<ng	  structure	  	  
¡  Also	  work	  as	  ground	  shield,	  light	  shield	  
¡  Prevent	  damage	  by	  external	  shock	  during	  construc<on	  work	  
¡  Might	  be	  replaced	  with	  current	  waterproof	  cover	  
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Primary	  idea	  of	  waterproof	  case	

Not	  idea,	  	  
but	  concept	
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3. ᕤල䛜䠬䠩䠰䛻䜆䛴䛛䜛䛾䜢㜵䛠䛯䜑䝂䝮䛾䜶䝥䝻䞁䜢ྲྀ
䜚䛡䜛

4. 䜶䝥䝻䞁䛿⣣䛻䛴䛔䛯䜽䝸䝑䝥䜢䠬䠩䠰䛾ᚋ᪉䛷䚸䛿䜑䜛䚹

䠑䠊㯤Ⰽ䛔䝔䞊䝥䛾䛴䛔䛯䝖䝹䜽䝺䞁䝏䛷⥾䜑㎸䜐䚹
䞊 䝖䝹䜽䝺䞁䝏䛾⏝᪉ἲ䛜䜟䛛䜙䛺䛡䜜䜀䜶䜻䝇䝟䞊䝖䛻┦ㄯ䛩䜛䚹

䠒䠊䜒䛖୍䛴ู䛾䝘䝑䝖䜢ྲྀ䜚䛡䛶䚸㛢䜑㎸䜐䚹
䛣䛾⥾䜑䛡䛻䛿䝖䝹䜽䝺䞁䝏䛿⏝䛧䛺䛔䚹
䜎䛯䚸䛩䛷䛻⥾䜑䛯䝘䝑䝖䜢ᅇ䛥䛺䛔䜘䛖䛻ὀព䛩䜛䛣䛸䚹

䠓䠊 ᪼㝆ྎ䜢ୗ㝆䛥䛫䜛䚹
䠔䠊 䝕䜱䝑䝢䞁䜾䝛䝆䜢እ䛧䚸
䠕䠊 䠬䠩䠰䛻䜆䛴䛡䛺䛔䜘䛖ៅ㔜䛻ୖᚋ᪉䛻ල䜢ྲྀ䜚እ䛩䚹
䠍䠌䠊䝞䞁䝗䛜䠬䠩䠰䛻ᑐ䛧䛶ᖹ⾜䛻䛺䛳䛶䛔䜛䛣䛸䚸

䝘䝑䝖䛿䠎䛴䛴䛔䛶䛔䜛䛣䛸䜢☜ㄆ䛩䜛䚹

䝤䝷䝑䜽䝅䞊䝖䠄䠅ᅛᐃ

1. 㗹≧䛾䝤䝷䝑䜽䝅䞊䝖䜢䠬䠩䠰ୖഃ䛻ྲྀ䜚䛡䜛䚹

2. ษ䜚㎸䜏䛾䛒䜛᪉䛜ୗ䛻䛺䜛䜘䛖䛻䛧䛶┿䛾䜘䛖䛻䠬䠩䠰
䛻ᙜ䛶䜛䚹

䠢䠮䠬䜢䛛䜆䛫䜛
1. ୍ே䛜䠢䠮䠬䜢ᣢ䛱ୖ䛢䚸䜒䛖୍ே䛜䜿䞊䝤䝹䜢✰䛛䜙ᢤ䛟䚹

• 䜿䞊䝤䝹䛜䠢䠮䠬䛾⦕䛷യ䛴䛟䛾䜢㜵䛠䛯䜑䝂䝮䝩䞊䝇䜢䛳䛶䜿䞊䝤
䝹䜢㏻䛩䚹

䠎䠊䠢䠮䠬䜢୍ே䛜ᣢ䛱䚸䠬䠩䠰䛻䛛䜆䛫䜛䚹

• 䜿䞊䝤䝹ᢤ䛝䛾✰ഃ䛻ᑡ䛧ഴ䛡䛶ᩳ䜑
䛻䛛䜆䛫䜛

䠏䠊䜒䛖୍ே䛿䜿䞊䝤䝹䜢✰䛛䜙ᢤ䛟䚹
䞉䜿䞊䝤䝹䜢䠢䠮䠬ഃ䛷๐䜙䛺䛔䜘䛖䝩䞊䝇䛿᭱ᚋ䜎䛷䛡䛶䛚䛟䚹

䞉䜿䞊䝤䝹䛾᰿ᮏ䛻䝇䝖䝺䝇䜢䛘䛺䛔䜘䛖䚸
䞉䜿䞊䝤䝹䛻䛴䛔䛶䛔䜛䝍䜾䛜ᢤ䛝䛻䛟䛔䛾䛷ὀព䚹

䠐䠊䠢䠮䠬䛻䛿䜙䜜䛶䛔䜛䝞䞊䝁䞊䝗䝅䞊䝹䜢䝎䞁䝥䝷䛻㈞䜚᭰䛘䜛䚹

୕ᮏ㊊ྲྀ䜚䛡
1. ᪼㝆ྎ䜢సᴗ䛧䜔䛩䛔⨨䜎䛷ୖ䛢䜛䚹

2. 䠢䠮䠬䛾ୖ㠃䛾䝛䝆䛻䠩䠔䛾䝽䝑䝅䝱䜢
䛿䜑䜛䚹

3. ୕ᮏ㊊㔠ල䜢䠢䠮䠬䛻ᤄ䛩䚹
• ୖ䚸ᶓ䠄ᕥྑ䜹ᡤ䠅䚸䛾䝛䝆⨨䜢☜ㄆ

4. ୖ䛾䝛䝆䛻䠩䠔䝽䝑䝅䝱䚸䠩䠔䝘䝑䝖䜢㯤
Ⰽ䛾䝖䝹䜽䝺䞁䝏䛷ྲྀ䜚䛡䜛䚹

䠍䠊䝽䝑䝅䝱䜢ᛀ䜜䛪䛻

䠎䠊䝛䝆⨨䛾☜ㄆ

ᶓ

ᶓ
ୖ



䝽䝑䝅䝱

䝘䝑䝖

䠐䠊ᶓഃ䠄ᕥྑ䜹ᡤ䚸୍䜹ᡤ䛒䛯䜚䠎ಶ䛾䝛䝆䛷ィ䠐䜹ᡤ䠅䛻䚸
䠩䠐䝽䝑䝅䝱䚸䠩䠐䝘䝑䝖䜢ྲྀ䜚䛡䜛䚹

䠑䠊ഃ䛻䚸䠩䠐≉䝘䝑䝖䜢ྲྀ䜚䛡䜛䚹
䠒䠊䝇䝨䞊䝃䜢䜿䞊䝤䝹✰䛛䜙ᕪ䛧㎸䜏䚸䠬䠩䠰䛾ୖ㒊䛸

䠢䠮䠬ෆ㒊䛻䛒䜛䠩䠔䝪䝹䝖䛾㢌䛸䛾㛫䛻䝇䝨䞊䝃䛜ධ䜛䛟䜙䛔
䛾㝽㛫䛜䛒䜛䛣䛸䜢☜ㄆ䚹

䞉䜒䛧㝽㛫䛜䛺䛡䜜䜀䜶䜻䝇䝟䞊䝖䛻ሗ࿌䛩䜛䚹

䛰䛡䝘䝑䝖䛜≉Ṧ

䝇䝨䞊䝃䜢ᤄ䛧䛯┿

䠬䠩䠰ྞ䜚ලྲྀ䜚䛡
1. ྞ䜚ල䜢⼖䝛䝆䠎ᮏ䛷୕ᮏ㊊䛻ᅛᐃ䛩䜛䚹䠄ᡭ⥾䜑䠅

2. ྞ䜚ල䛾䝣䝑䜽䜢ኳ䛛䜙ୗ䛜䛳䛶䛔䜛䝽䜲䝲䛻䛡䜛䚹

3. ᪼㝆ྎ䜢ୗ㝆䛥䛫䛶䠬䠩䠰䜢ྞ䜚ୗ䛢䜛䚹

4. ୍ே䛜᪼㝆ྎ䜢᧯స䛧䚸୍ே䛿䠬䠩䠰䛸ྞ䜚ල䛜ᦂ䜜䛺䛔
䜘䛖ᨭ䛘䛶䛚䛟䚹

5. 䠢䠮䠬䛾䝣䝷䞁䝆䛾୧ᶓ䠎䜹ᡤ䛻M8-40mm䛾䝪䝹䝖䚸䝽䝑
䝅䝱䜢ᤄ䛩䚹

䝤䝷䝑䜽䝅䞊䝖䠄䝸䞁䜾䠅ྲྀ䜚䛡

1. 䝤䝷䝑䜽䝅䞊䝖䠄䝸䞁䜾䠅䜢ୗ䛛䜙䠢䠮䠬䛸䠬䠩䠰䛾㛫䛻ධ䜜䜛䚹
• 䝸䞁䜾䛾䛴䜑䛜䠢䠮䠬䛻ᙜ䛯䜛⨨䜎䛷䝅䞊䝖䜢ධ䜜䜛䚹

䜰䜽䝸䝹ྲྀ䜚䛡
1. ୧ᶓ䠎䜹ᡤ䛻M8-40mm䝪䝹䝖䛜ᤄ䛧䛶䛒䜛䛣䛸䜢☜ㄆ䚹

2. ୗ䛛䜙䜰䜽䝸䝹䜢ྎᗙ䛸䠬䠩䠰䛾㛫䛻ධ䜜䜛䚹

3. 䜰䜽䝸䝹䜢ே䛷ᣢ䛱ୖ䛢䛶䚸䠢䠮䠬䛻ྜ䜟䛫䜛䚹

4. 䜰䜽䝸䝹䛻㈞䜙䜜䛯䝅䞊䝹䛾⨨䜢ୗᅗ䛾ᡤ䛻ྜ䜟䛫䜛䚹

5. 䛭䛾≧ែ䛷᪼㝆ྎ䜢ୖ᪼䛥䛫䜛䚹
䜰䜽䝸䝹䛾䝅䞊䝹

䠒䠊䜰䜽䝸䝹䛾䝅䞊䝹䛿ẁ䝥䝷䝍䜾䛻䛿䜚䛴䛡䜛䚹
䠓䠊M8-40mm䝛䝆䜢ୖ䛛䜙ୗ䜈ྲྀ䜚䛡䜛䚹
䠔䠊୧ഃ䛻䝽䝑䝅䝱䜢ධ䜜䚸䝝䞁䝗䝗䝸䝹䛷㍍䛟㛢䜑䜛䚹

• 䝽䝑䝅䝱䛾ྥ䛝䛻ὀព䚹䛺䜑䜙䛛䛺᪉䜢䜰䜽䝸䝹ഃ䛻䛩䜛䚹

䠕䠊㯤Ⰽ䛔䝖䝹䜽䝺䞁䝏䜢䛳䛶㛢䜑㎸䜐䚹
䠍䠌䠊䛶䛾䝛䝆䛜ྲྀ䜚䛡䜙䜜䚸⥾䜑䛡䜙䜜䛶

䛔䜛䛣䛸䜢☜ㄆ䛩䜛䚹

⟽ワ䜑
1. 䠢䠮䠬䛾୕ᮏ㊊䛾㏻䛧✰䛻ᅛᐃ⏝䝂䝮䜢

ᕪ䛧㎸䜐䚹䠄䠏䜹ᡤ䠅

2. ᪼㝆ྎ䜢ୗ㝆䛥䛫䛶䠬䠩䠰䜢ྞ䜚ୗ䛢䜛䚹

3. ྎᗙ䜢ྲྀ䜚㝖䛟䚹

4. ẁ䝥䝷⟽䜢ୗ䛛䜙ධ䜜䜛䚹

䝂䝮 䠑䠊ẁ䝥䝷⟽䛾୰䛾䝡䝙䞊䝹⿄䜢䠎ᯛ䛸䜒䠬䠩䠰䛻䛛䜆䛫䜛䚹
䠒䠊᪼㝆ྎ䜢ୖ䛢䚸⟽䛾୰䛻䠬䠩䠰䜢䛚䛥䜑䜛䚹
䠓䠊⟽䛾୰䛾ⓎἻ䝇䝏䝻䞊䝹䛾ẁᕪ䛻䛝䛱䜣䛸䜛䜘䛖䛻ධ䜜䜛䚹

䠔䠊 ྞ䜚ୗ䛢㔠ල䜢ྲྀ䜚እ䛩䚹
䠕䠊 ẁ䝥䝷䝍䜾䛻⮬ศ䛾䝷䜲䞁䝘䞁䝞䞊䜢᭩䛔䛶䛚䛟䚹
䠍䠌䠊㔠ල䜢㋃䜣䛷䝇䝷䜲䝗䝺䞊䝹䛾䝻䝑䜽䜢እ䛧䚸

⛣ື䛥䛫䜛䚹

䝷䜲䞁䝘䞁䝞䞊

䠍䠍䠊ே䛷⟽䛤䛸䝷䜲䞁䛻⛣ື䛥䛫䜛䚹
䠍䠎䠊Ⲵฟ䛧ሙ䛾᪉䜈㏦䜚䚸䜰䜽䝸䝹䛸ẁ䝥䝷⟽䜢䜒䛳䛶䛟䜛䚹
䠍䠏䠊ྎᗙ䜢┠どሙ䜈ᣢ䛳䛶䛔䛝䚸䛭䛾䛸䛝䛻䝷䜲䞁䠍䠈䠎䛾ே䛿

䝤䝷䝑䜽䝅䞊䝖䠄䝸䞁䜾䠅䜢ᣢ䛳䛶䛟䜛䚹

䜰䝉䞁䝤䝹ሙ

䝁䝻

Ⲵฟ䛧ሙ

䝅䜾䝘䝹
䝏䜵䝑䜽

┠どሙ
䠍

┠どሙ
䠎

䠢䠮䠬⨨䛝ሙ

䜰䜽䝸䝹
䠇

⟽⨨䛝ሙ

䝷䜲䞁

䠍
䝷䜲䞁

䠐
䝷䜲䞁

䠏
䝷䜲䞁

䠎

⤌䜏❧䛶ሙ

䝞䞁䝗௬Ṇ䜑 1.䝞䞁䝗ྲྀ䜚䛡ල䜢ᶓྥ䛝䛻⨨䛔䛶
2.䝞䞁䝗䜢ྲྀ䜚䛡䜛䚹
3.ල䛾ᶓ䛾㒊ศ䛻ษ䜚䛛䛝䛾ධ䛳䛯

㒊ရ䛜䛒䜛䛾䛷䚸䛭䛣䛾ษ䜚䛛䛝䛻䝞
䞁䝗䛾䝛䝆䜢䛿䜑䜛䚹

4.䛿䜑䛯䝛䝆䛿䛧䛳䛛䜚ୖ䛻ᢲ䛧䛴䛡䛶
⨨䜢ฟ䛩䚹

䠏䠊

䠐䠊

䠑䠊䝞䞁䝗䛾䠎䛴䛾䝛䝆䛾䛖䛱䚸ୖ䛾䜒䛾䛻䚸䝕䜱䝑䝢䞁䜾䛥䜜䛯
㯮䛔㛗䛔䝛䝆䜢䛿䜑䜛䚹

䠒䠊䝞䞁䝗䛜䛧䛳䛛䜚ୖ䛻䛚䛧䛴䛡䜙䜜䛶䛔䜛䛣䛸䜢☜ㄆ䛩䜛䚹
䠓䠊䝞䞁䝗䛜ල䛻ᑐ䛧䛶䛰䛔䛯䛔ᖹ⾜䛻䛺䜛䜘䛖䛻䛧䛶䛚䛟䚹

䝕䜱䝑䝢䞁䜾䛥䜜䛯䝛䝆䜢䛳䛶
ୖഃ䛾䝛䝆䜢ᅛᐃ䛩䜛䚹 ᖹ⾜䛻䛺䜛䜘䛖䛻

⋢㐠䜃

1. ⤌䜏❧䛶ྎᗙ䜢సᴗྎ䛾㏆䛟䛻ᣢ䛳䛶䛟䜛䚹

2. 䝁䝻䛾ୖ䛾䠬䠩䠰䜢సᴗྎ䛾ୖ䜎䛷㐠䜆䚹
ே䛷ྲྀ䛳ᡭ䜢䜒䛳䛶⛣ື䛥䛫䜛䛣䛸䚹

䠏䠊ྑዟ䛻䛒䜛䝻䝑䜽㔠ල䜢㋃䜣䛷䝻䝑䜽䜢እ䛧䚸
䠐䠊᪼㝆ྎ䜢䝔䞁䝖୰ኸ㒊䛻⛣ື䛥䛫䜛䚹

䠑䠊୰ኸ㒊䛷䛧䛳䛛䜚䝻䝑䜽䛥䜜䛯䛣䛸䜢
☜ㄆ䛩䜛䚹

䠒䠊᪼㝆䝨䝎䝹down䜢㋃䜣䛷䚸᪼㝆ྎ䜢
୍␒ୗ䜎䛷ୗ䛢䜛䚹

䠓䠊䠬䠩䠰䜿䞊䝤䝹䜢ྞ䜚ୗ䛢䝽䜲䝲ᶓ䛾
䝣䝑䜽䛻䛛䛡䜛䚹

䠍䠊䠬䠩䠰䛻䜆䛴䛡䛺䛔䜘䛖䛻ៅ㔜䛻ල䜢
ୖᚋ᪉䛛䜙䛛䜆䛫䜛䚹
ኳ䛻䜆䛴䛛䜙䛺䛔䛣䛸䜢☜ㄆ䛧䛺䛜䜙䚹

䠎䠊䜿䞊䝤䝹᪉ྥ䜢☜ㄆ䛩䜛䚹
䠏䠊ල䛾㊊䛜䛧䛳䛛䜚ྎᗙ䛾ୖ䛻䛾䛳䛶䛔䜛

䛣䛸䜢☜ㄆ䛩䜛䚹

ල⨨ྜ䜟䛫
1. 䝞䞁䝗䛸䠬䠩䠰䛾㛫䛻㝽㛫䛜䛷䛝䛺䛔䜘䛖䚸

2. ල䜢䛴䛛䜣䛷䠬䠩䠰䜢ዟ䜈䛧䛳䛛䜚ᢲ䛧䛡䜛䚹

3. 䜿䞊䝤䝹䛜䜿䞊䝤䝹ᢤ䛝䛾୰ᚰ⨨䛻᮶䜛䜘䛖
䛻୧ഃ䛾㝽㛫䜢ྠ䛨䛻䛩䜛䚹 䜿䞊䝤䝹䛿䜿䞊䝤

䝹ᢤ䛝䛾୰ᚰ䛻

䠐䠊ୖ䛛䜙な䛔䛶䠬䠩䠰䛾୰ᚰ䜢䛺䜛䜉䛟ල䛾୰ᚰ䛻ྜ䜟䛫䜛䚹
䠑䠊䠬䠩䠰ୖ㒊䛜ල䛻ᙜ䛯䜙䛺䛔䛣䛸䚹
䠒䠊䜿䞊䝤䝹䛿༴㝤ᆅᖏ䜘䜚ୖ䚹

䝞䞁䝗⥾䜑䛡
1. M8-100mm䝪䝹䝖䚸䝽䝑䝅䝱䠎ᯛ䚸䝘䝑䝖䠎ಶ

2. సᴗ䛧䜔䛩䛔㧗䛥䜎䛷᪼㝆ྎ䜢ୖ᪼䛥䛫䜛䚹

3. ᕤල䛜䠬䠩䠰䛻䜆䛴䛛䜛䛾䜢㜵䛠䛯䜑䝂䝮䛾䜶䝥䝻䞁䜢ྲྀ
䜚䛡䜛

4. 䜶䝥䝻䞁䛿⣣䛻䛴䛔䛯䜽䝸䝑䝥䜢䠬䠩䠰䛾ᚋ᪉䛷䚸䛿䜑䜛䚹

䠑䠊㯤Ⰽ䛔䝔䞊䝥䛾䛴䛔䛯䝖䝹䜽䝺䞁䝏䛷⥾䜑㎸䜐䚹
䞊 䝖䝹䜽䝺䞁䝏䛾⏝᪉ἲ䛜䜟䛛䜙䛺䛡䜜䜀䜶䜻䝇䝟䞊䝖䛻┦ㄯ䛩䜛䚹

䠒䠊䜒䛖୍䛴ู䛾䝘䝑䝖䜢ྲྀ䜚䛡䛶䚸㛢䜑㎸䜐䚹
䛣䛾⥾䜑䛡䛻䛿䝖䝹䜽䝺䞁䝏䛿⏝䛧䛺䛔䚹
䜎䛯䚸䛩䛷䛻⥾䜑䛯䝘䝑䝖䜢ᅇ䛥䛺䛔䜘䛖䛻ὀព䛩䜛䛣䛸䚹

䠓䠊 ᪼㝆ྎ䜢ୗ㝆䛥䛫䜛䚹
䠔䠊 䝕䜱䝑䝢䞁䜾䝛䝆䜢እ䛧䚸
䠕䠊 䠬䠩䠰䛻䜆䛴䛡䛺䛔䜘䛖ៅ㔜䛻ୖᚋ᪉䛻ල䜢ྲྀ䜚እ䛩䚹
䠍䠌䠊䝞䞁䝗䛜䠬䠩䠰䛻ᑐ䛧䛶ᖹ⾜䛻䛺䛳䛶䛔䜛䛣䛸䚸

䝘䝑䝖䛿䠎䛴䛴䛔䛶䛔䜛䛣䛸䜢☜ㄆ䛩䜛䚹

䝤䝷䝑䜽䝅䞊䝖䠄䠅ᅛᐃ

1. 㗹≧䛾䝤䝷䝑䜽䝅䞊䝖䜢䠬䠩䠰ୖഃ䛻ྲྀ䜚䛡䜛䚹

2. ษ䜚㎸䜏䛾䛒䜛᪉䛜ୗ䛻䛺䜛䜘䛖䛻䛧䛶┿䛾䜘䛖䛻䠬䠩䠰
䛻ᙜ䛶䜛䚹

䠢䠮䠬䜢䛛䜆䛫䜛
1. ୍ே䛜䠢䠮䠬䜢ᣢ䛱ୖ䛢䚸䜒䛖୍ே䛜䜿䞊䝤䝹䜢✰䛛䜙ᢤ䛟䚹

• 䜿䞊䝤䝹䛜䠢䠮䠬䛾⦕䛷യ䛴䛟䛾䜢㜵䛠䛯䜑䝂䝮䝩䞊䝇䜢䛳䛶䜿䞊䝤
䝹䜢㏻䛩䚹

䠎䠊䠢䠮䠬䜢୍ே䛜ᣢ䛱䚸䠬䠩䠰䛻䛛䜆䛫䜛䚹

• 䜿䞊䝤䝹ᢤ䛝䛾✰ഃ䛻ᑡ䛧ഴ䛡䛶ᩳ䜑
䛻䛛䜆䛫䜛

䠏䠊䜒䛖୍ே䛿䜿䞊䝤䝹䜢✰䛛䜙ᢤ䛟䚹
䞉䜿䞊䝤䝹䜢䠢䠮䠬ഃ䛷๐䜙䛺䛔䜘䛖䝩䞊䝇䛿᭱ᚋ䜎䛷䛡䛶䛚䛟䚹

䞉䜿䞊䝤䝹䛾᰿ᮏ䛻䝇䝖䝺䝇䜢䛘䛺䛔䜘䛖䚸
䞉䜿䞊䝤䝹䛻䛴䛔䛶䛔䜛䝍䜾䛜ᢤ䛝䛻䛟䛔䛾䛷ὀព䚹

䠐䠊䠢䠮䠬䛻䛿䜙䜜䛶䛔䜛䝞䞊䝁䞊䝗䝅䞊䝹䜢䝎䞁䝥䝷䛻㈞䜚᭰䛘䜛䚹

୕ᮏ㊊ྲྀ䜚䛡
1. ᪼㝆ྎ䜢సᴗ䛧䜔䛩䛔⨨䜎䛷ୖ䛢䜛䚹

2. 䠢䠮䠬䛾ୖ㠃䛾䝛䝆䛻䠩䠔䛾䝽䝑䝅䝱䜢
䛿䜑䜛䚹

3. ୕ᮏ㊊㔠ල䜢䠢䠮䠬䛻ᤄ䛩䚹
• ୖ䚸ᶓ䠄ᕥྑ䜹ᡤ䠅䚸䛾䝛䝆⨨䜢☜ㄆ

4. ୖ䛾䝛䝆䛻䠩䠔䝽䝑䝅䝱䚸䠩䠔䝘䝑䝖䜢㯤
Ⰽ䛾䝖䝹䜽䝺䞁䝏䛷ྲྀ䜚䛡䜛䚹

䠍䠊䝽䝑䝅䝱䜢ᛀ䜜䛪䛻

䠎䠊䝛䝆⨨䛾☜ㄆ

ᶓ

ᶓ
ୖ



䝽䝑䝅䝱

䝘䝑䝖

Long	  and	  careful	  manual	  for	  each	  photosensor	  assembly	



l  We	  have	  tested	  waterproofed	  HPD	  cable	  connec<on	  (for	  proof	  test)	  
under	  1-‐1.4	  MPa	  water,	  but	  need	  more	  detailed	  study.	  	  

l  Cable	  and	  connec<on	  capable	  used	  in	  high	  pressure	  water	  should	  
be	  developed.	  	  
¡  Asking	  companies	  to	  design	  and	  develop	  waterproof	  connector	  (for	  HPD)	  

l  Straight	  wall	  might	  not	  require	  many	  connec<ons	  other	  than	  fix	  or	  
replacement,	  but	  need	  to	  establish	  method	  and	  technology.	  	  
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a. 䜶䝺䜻ഃ䛾䜿䞊䝤䝹䛾䝁䝛䜽䝍䛡
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25mm

䜶䝺䜻ഃ40mm
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䜶䝺䜻ഃ

ὀព䟿
• 䠮䠣䠑䠔䛻യ䛜䛺䛔䛛䠛

≉䛻᰿ඖ
• 䠤䠲⥺䛻യ䛜䛺䛔䛛䠛

≉䛻᰿ඖ
• 䠣䠪䠠⥺䛾䜂䛢䠛
• ⰺ⥺䛾䜂䛢䠛
• 䝇䝸䞊䝤䛿ᢤ䛡䛺䛔䛛䠛
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䐟 䝝䝑䝖ෆసᴗ⪅䛸䝖䝷䞁䝅䞊䝞䞊
䛷㏻ಙ
1. 䠬䠩䠰䛾䜰䝗䝺䝇䜢ሗ࿌䚹
2. ಙྕ⥺䛾ᢠ䠙�䜢☜ㄆ䚹

䐠 PMTഃ䛸䜶䝺䜻ഃ䛾䠞䠪䠟䝁䝛䜽
䝍䜢᥋⥆䚹

䐡 䝝䝑䝖ෆసᴗ⪅䛸䝖䝷䞁䝅䞊䝞䞊
䛷㏻ಙ
1. ಙྕ⥺䛾ᢠ䠙䠍䠌䡇ȍ䜢☜

ㄆ
2. 䠤䠲⥺䛾ᢠ䠙�䜢☜ㄆ

䐢 BNC䝏䝳䞊䝤䜢䛪䜙䛧䛶䝁䝛䜽
䝍䞊䛾ୖ䛻ᣢ䛳䛶䛟䜛

䐣 䠤䠲⥺䜢ᅽ╔䝇䝸䞊䝤䛷᥋⥆

䐤 䝝䝑䝖ෆసᴗ⪅䛸䝖䝷䞁䝅䞊䝞䞊
䛷㏻ಙ
䠤䠲⥺䛾ᢠ䠙䠒䠩ȍ䜢☜ㄆ

䐥 䠤䠲䝏䝳䞊䝤䜢䛪䜙䛧䛶䝁䝛䜽䝍䞊
䛾ୖ䛻ᣢ䛳䛶䛟䜛

䠄ᢠ☜ㄆ䛿ୖ䛾䝝䝑䝖ෆ䛾ே䛜⾜䛖䠅

䜂䛢䛜ฟ䛺
䛔䜘䛖ὀព䟿

䝔䝣䝻䞁䝏䝳䞊䝤䜢
䛪䜙䛥䛺䛔䜘䛖ὀព
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b. 䠬䠩䠰ഃ䛾䜿䞊䝤䝹䛾ฎ⌮

c. ⇕⦰䝏䝳䞊䝤䠏䛴䜢䜿䞊䝤䝹䛻㏻䛩
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1. 䠬䠩䠰ഃ䜿䞊䝤䝹䛾⿄䜢䛿䛪䛩䚹

2. HV⥺䛾㛗䛥䛜80mm䛒䜛䛣䛸䜢☜ㄆ

3. HV⥺䛾ඛ➃䠍䠌mm䜢䛟

4. ඛ➃䜢䛽䛨䛳䛶䠎䛴ᢡ䜚

1. HV⏝䛿PMTഃ䜿䞊䝤䝹

2. እ䚸BNC⏝䛿䜶䝺䜻ഃ䜿䞊䝤䝹

PMTഃ 䜶䝺䜻ഃ
䠍

䠎
䠏

䠤䠲ⰺ⥺䛾ඛ䜢䜘䛨䛳䛶䚸
䠎䛴ᢡ䜚䛻䛩䜛
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Signal	  line	

HV	  line	

Signal	
Power	  and	  control	  lines	  
(No	  HV	  line)	

%/��

4La5cm�

4La5cm�

u�

fA1k②�
•  ³°»É±ÍÂÉ�SMA²½¯
µa�ª15cm�¸ÁËÌ� �x
(�b)&

&
•  LV±ÍÂÉ��R�Ä´¶·¯
¸ÍÃª �x&

•  �§�Ê¬±ÅDª~���30
NF�V��¦x&

•  ¢|�7�LV²½¯µ�¢�>
�Ä´¶·¯¸ÍÃª'�wÊ¬
±ÅDª��¦x&

&
•  Ê¬±ÅD�1cmP(j��¦
£|�@��LV±ÍÂÉ²½¯
µ¢30cm�¸ÁËÌ� �Î�
bÏx&

�

Ê¬±ÅB&

Ê¬±ÅC&

9cm�

12cm�

1cm� 2cm�

Ê¬±ÅD�

1cm�1cm�

p�

Ê¬±ÅD&

2cm�
Ê¬±ÅD&

2cm�

Shrink	  tube	  in	  wter	

PMT	  
(SK)	

HPD	  
(in	  proof	  test)	

Hard	  in	  case	  	  
connec<on	  to	  	  
water	  electronics	  	  
module	  considered	



l  Need	  quick	  simula<on	  to	  evaluate	  HK	  performance	  
and	  high	  pressure	  resistance	  test	  in	  water	
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Photosensor	  size	

20”	3”	 8”	 10”	 11”	 12”	 13”	

Dark	  rate	  for	  each	 High	Low	 (by	  area)	

Installa<on	 Hard	
Number	  of	  photosensors	Many	

Spa<al	  resolu<on	  becomes	  good,	  would	  help	  reconstruc<on	  of	  momentum,	  PID,	  etc.	

Photocoverage	 Wide	  or	  equivalent	
Photon	  sta<s<cs	  might	  be	  good	

RI	  in	  glass	  	
Bearing	  pressure	

Different	  glass	  with	  low	  RI	
Might	  decrease	  	  
RI	  contamina<on	  in	  furnace	  	

High	  in	  design,	  but	  	  
rate	  might	  be	  high	  in	  many	  sensors	

To	  be	  measured	

Total	  cost	  (?)	

(Baseline)	

Several	  products	
Only	  from	  HAMAMATSU	

(Or	  LAAPD)	
SK,	  Box&Line	  PMT,	  HPD	

Need	  cost	  es<ma<on	  at	  first	

Size	
KM3net Multi-PMT NIMA695(2012)338

• KM3net uses 31 3-inch PMT’s
•This is also considered for PINGU/MICA
•Is there benefit for Hyper-K as well?

3 ex.)	  KM3net	  31	  3”	  PMT	  	
Mul<	  PMT	  applica<on	  for	  deep	  sea	  ν	  exp.	

NIMA695(2012)338	

Sensi<ve	  	  
to	  direc<on	



l  In	  its	  design,	  water	  bearing	  pressure	  is	  112m	  for	  Box&Line	  PMT	  and	  
250m	  for	  HPD,	  superior	  to	  65m	  for	  SK	  PMT	  in	  stress	  analysis.	  	  

l  Several	  tests	  are	  necessary	  to	  assure	  use	  in	  high	  pressure	  water	  	  
¡  Confirm	  a	  water	  pressure	  resistance	  of	  new	  photosensor	  valve	  in	  test	  

	  →	  Start	  as	  soon	  as	  possible	  
¡  Evaluate	  failure	  rate	  in	  tes<ng	  many	  photosensors	  to	  consider	  a	  safety	  factor	  

and	  quality	  control	  for	  mass	  produc<on	  
¡  Design	  and	  test	  protec<ve	  case	  to	  avoid	  a	  chain	  implosion	  with	  test	  
¡  Quality	  test	  during	  produc<on	  for	  HK	  

l  To	  consider	  a	  deep	  water	  tank	  op<on	  for	  HK	  such	  as	  80	  or	  100m,	  a	  
high	  pressure	  water	  vessel	  is	  required.	  
¡  Many	  SK	  PMTs	  were	  tested	  up	  to	  0.65MPa	  

10	  years	  ago	  in	  four	  tanks.	  	  	  
¡  Reuse	  the	  tank	  for	  a	  quick	  test,	  	  

and	  make	  new	  vessel	  capable	  	  
to	  treat	  more	  high	  pressure	  water	  
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2005/2/28	  	

Tank	  at	  	  
Kamioka	  mine	

This	  level	  was	  tested	  	  
for	  B&L	  PMT	  

	  at	  Hamamatsu.	



l  Inves<gated	  old	  tanks	  and	  pumps.	  
¡ Tank	  and	  all	  piping	  seem	  okay	  to	  be	  reused	  
around	  1MPa	  with	  maintenance.	  
▶ Asked	  company	  to	  rebuild	  test	  facility	  

¡ Pump	  and	  piping	  are	  improved	  to	  pressurize	  
water	  un<l	  2MPa	  at	  least	  

l  There	  is	  a	  room	  to	  test	  PMT	  at	  Kamioka.	  
¡ 5-‐10	  Box&Line	  PMTs	  will	  be	  tested	  in	  March	  with	  1MPa	  or	  more.	  

▶  First	  test	  for	  HK,	  7	  with	  water	  proofed	  and	  3	  without	  electronics	  are	  available	  

l  For	  a	  new	  tank	  with	  higher	  pressure	  (1.5MPa	  or	  more)	  
¡ Test	  many	  (hundreds	  at	  first)	  photosensors	  for	  HK	  prototype	  test,	  etc.	  	  
¡ Designing	  is	  ongoing,	  will	  be	  available	  in	  spring	  soon.	  

l  This	  test	  is	  a	  key	  to	  judge	  the	  deep	  tank	  op<on	  for	  HK,	  	  
and	  quick	  study	  is	  desired	  at	  first	  stage.	  	  
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~2002,	  test	  in	  0.65MPa	To	  maintenance	

PMT	  moun<ng	

Tank	  inside	

Some	  parts	  will	  be	  improved.	



l Maximum	  pressure	  of	  implosion	  	  
¡ drops	  as	  1/(Propaga<on	  length)	  (in	  simple	  model)	  
¡  is	  propor<onal	  to	  (Depth)1.9	  	  
¡ and	  to	  (Dia.	  of	  photosensor)3/2	  roughly	  

l  Becomes	  sever	  in	  deep	  water,	  	  
but	  small	  photosensor	  size	  and	  half	  	  
photo	  coverage	  weaken	  shockwave.	  

l  Implosion	  test	  was	  performed	  in	  detail	  	  
in	  SK	  tank	  arer	  accident.	  	  
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（５） 今後取るべき当面の方策  
 以上の考察から、衝撃波防止ケースは予想通りの効果を上げ、増倍管の破壊による
隣接増倍管の誘爆を防ぐことができた。そこで、当面の対策として衝撃波防止ケース
をすべての増倍管に取り付けることとしたい。 
 ４０ｍ水圧下で要求される衝撃波防止ケースは、１５ｍｍアクリル＋５ｍｍＦＲＰ
（５ｍｍＦＲＰの曲げによるアクリルの歪みを避けるためアクリルは厚くすべきで
ある）が妥当である。（あるいは１０ｍｍ―１５ｍｍ全アクリルケースも可能であろ
う。）近く実証実験を行う予定である。 
 水深が浅い場所にある増倍管には、このように強度の高い衝撃波防止ケースは必要
ないため、天井部付近のケースは肉厚の薄いものとする。 

 
3. 平成１４年度スーパーカミオカンデ実験部分復旧に向けての計画   
 ２月中に水深４０ｍにおける衝撃波防止装置の実験がすべて終了した時点で直ちにタン
クの排水作業に入りたい。排水時には水面近くにある残骸をすべて撤去し、またタンク内
構造物をすべて洗浄する。底面まで水位が低下した時点で最初の爆縮候補球の残骸を回収
して検査を行う。底面洗浄がすべて終了したあと、タンクの漏水個所の検査及び補修を行
う。 
 平成１４年度に入って増倍管の撤去、再配置の作業に入り、平成１４年１０，１１月頃

Max	  pressure:	  	  	  
HK	  	  (90m)	  	  ↔	  SK	  x	  2.5	  
HK	  (100m)	  ↔	  SK	  x	  3.5	

Propor<onal	  to	  (Depth)1.9	  	  
in	  simula<on	

Monitoring	  during	  implosion	
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Navy Undersea Warfare Center (NUWC) 
Facility

Pressure Tank

● Cooperation between BNL and NUWC through 
Cooperative Research And Development Agreement 
(CRADA)
● 15m diameter / 500,000 gallons of water 
● Rated of 110 psi hydrostatic pressure at the center

The 50Gallon BNL pressure tank is too small to create the same shock wave 
pattern as the real detector. 

l  Usually	  very	  expensive	  for	  large	  high	  pressure	  room	  
¡  Confirmed	  around	  last	  R&D	  stage	  before	  produc<on	  

l  Difficult	  to	  find	  test	  site	  
¡  Test	  in	  deep	  sea	  	  
¡  Facility	  for	  deep	  sea	  research	
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Multiple PMTs Cascade Test Setup

High speed 
camera

Neighboring PMTs survived 
in the shock wave

● 5 10” Hamamatsu R7081 tubes with protective 
housing under 0.6 MPa water pressure  
● Tubes are mounted on cables and separated by 
50cm from center to center.
● 2 High speed cameras (4000FPS and 2000FPS)
● 8 Water proof pressure sensors 
● 9 accelerometers are installed on the cables 

before afterBlast sensors
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Multiple PMTs Cascade Test Setup

High speed 
camera

Neighboring PMTs survived 
in the shock wave

● 5 10” Hamamatsu R7081 tubes with protective 
housing under 0.6 MPa water pressure  
● Tubes are mounted on cables and separated by 
50cm from center to center.
● 2 High speed cameras (4000FPS and 2000FPS)
● 8 Water proof pressure sensors 
● 9 accelerometers are installed on the cables 

before afterBlast sensors

0.6MPa	  
water	

5	  10-‐inch	  PMTs	  in	  cases	

Hyper-K Meeting Jiajie Ling (BNL) 15

Open-housing Test Screen Shots

0ms 3ms 5ms

6ms 9ms 17ms

Cable moved up by ~ 1 inch

Central PMT

Scaler
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Open-housing Test Screen Shots

0ms 3ms 5ms

6ms 9ms 17ms

Cable moved up by ~ 1 inch

Central PMT

Scaler

Monitored	  by	  	  
2	  high	  speed	  cameras,	  	  
8	  pressure	  sensors,	  	  
9	  accelerometers	  

From	  slides	  in	  1st	  HK	  open	  mee<ng	  hop://indico.ipmu.jp/indico/getFile.py/access?contribId=7&sessionId=7&resId=5&materialId=slides&confId=7	

Propulsion	  Noise	  Test	  Facility	  (PNTF)	  at	  the	  Naval	  Undersea	  Warfare	  Center	  in	  Newport	  RI.	



l R&D	  stage	  

l Produc<on	  stage	  
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Quick	  test	

Mass	  test	 Test	  around	  200	  photosensors	  for	  HK	  prototype,	  	  
	  	  	  and	  all	  arer	  produc<on	  as	  quality	  check	  
	  	  	  	  	  in	  order	  to	  evaluate	  failure	  rate	

Test	  several	  to	  tens	  photosensors	  to	  confirm	  actual	  tolerance	
For	  Box&Line	  PMT,	  then	  HPD	  as	  soon	  as	  its	  waterproofed	  ver.	  is	  ready	  
Feedback	  if	  there	  are	  any	  problems	  occurred,	

Implosion	  test	 Test	  final	  design	  before	  produc<on	  
with	  protec<ve	  case	

Test	  with	  case	  R&D	

For	  a	  few	  month,	  at	  least	  by	  next	  summer	

Around	  2016-‐2017,	  as	  in	  factory	

Quality	  test	 Test	  all	  or	  sampling	  photosensors	  (depending	  on	  discussion)	  
	  	  arer	  produc<on	  	  

Case	  is	  op<mized	

Test	  in	  high	  pressure	  water	 Test	  around	  2MPa	

Determine	  HK	  design	



l New	  50cm	  PMTs	  have	  nice	  high	  pressure	  tolerance	  in	  
design,	  but	  it	  should	  be	  confirmed.	  
¡ Deeper	  tank	  op<on	  might	  be	  possible	  depending	  on	  more	  studies	  
with	  test.	  

¡ As	  well	  as	  all	  related	  accessories	  (case,	  cable,	  connector,	  etc.)	  

l Need	  to	  list	  possible	  op<ons	  with	  cost	  es<mate.	  
¡ Bearing	  pressure	  will	  be	  confirmed	  in	  test	  for	  a	  few	  months.	  
¡ Performance	  should	  be	  evaluated	  in	  each	  op<on.	  

l  Prepara<on	  is	  going	  on	  for	  new	  photosensor	  test	  soon	  
from	  March,	  and	  conclude	  each	  possibility	  in	  deep	  tank	  
op<on	  ASAP.	  
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