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Waveforms
• HPD and B&L PMT are faster than SK PMT

9

HPD
(20cm HPD w/o amp.) B&L PMT SK PMT

Rise time (ns) 7.4 (1.7) 6.7 10.6
Fall time (ns) 11.5 (2.7) 15.2 13.1
Pulse width in FWHM  (ns) 17.1 13.0 18.5

B&L PMT

New breeder circuit
Old breeder circuit
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20-inch high-QE HPD(5mm dia. AD) w/ preamp.
20-inch high-QE box&line PMT
Super-K PMT

Pulse	
  shape	
  of	
  HPD/PMT	
  was	
  op;mized	
  in	
  electronics.	
  
l  8”	
  HPD	
  preamplifier	
  (Jan	
  2013)	
  

¡ CR	
  ;me	
  constant	
  in	
  preamplifier	
  
	
  was	
  adjusted	
  to	
  get	
  enough	
  charge	
  
	
  resolu;on	
  for	
  EGADS	
  proof	
  test.	
  

l  20”	
  Box&Line	
  PMT	
  bleeder	
  circuit	
  (May-­‐Jun	
  2014)	
  
¡ Two	
  types	
  of	
  bleeder	
  circuit	
  were	
  tested.	
  (damping	
  resistor,	
  etc.)	
  

1.	
  Fast	
  response	
  with	
  residual	
  ringing	
  
2.	
  Smooth	
  recovery	
  with	
  ringing	
  suppressed	
  

■  New	
  with	
  adjus;ng	
  damping	
  resistor	
  

¡ Pulse	
  FWHM	
  10.4ns	
  ↔	
  12.9ns	
  
¡ Pulse	
  height	
  	
  	
  1.3	
  :	
  1	
  
¡ Performance	
  and	
  charge	
  gain	
  
	
  are	
  almost	
  similar.	
  

¡ Adopt	
  2.	
  bleeder	
  circuit	
  for	
  proof	
  test.	
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New	
  bleeder	
  circuit	

Old	
  bleeder	
  circuit	
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l Minimum	
  hit	
  threshold	
  is	
  restricted	
  by	
  noise	
  level.	
  
¡ SK	
  PMT	
  threshold	
  is	
  set	
  at	
  0.25	
  p.e.	
  (1	
  mV)	
  in	
  proof	
  test	
  
¡ 8”	
  HPD	
  	
  threshold	
  is	
  set	
  at	
  0.5	
  p.e.	
  (4	
  mV)	
  in	
  proof	
  test	
  

l  	
  for	
  PMTs,	
  and	
  Single	
  photoelectron	
  discrimina;on	
  by	
  
pulse	
  height	
  depends	
  on	
  1	
  hit	
  efficiency.	
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  Φ	
  PDs	
  
	
  	
  HQE	
  Super-­‐K	
  PMT	
  
	
  	
  HQE	
  Box&Line	
  PMT	
  
	
  	
  HQE	
  HPD	
  (w/5mmΦAD)	


50cm	
  Φ	
  PDs	
  
	
  	
  HQE	
  Super-­‐K	
  PMT	
  
	
  	
  HQE	
  Box&Line	
  PMT	
  
	
  	
  HQE	
  HPD	
  (w/5mmΦAD)	


(w/o	
  70m	
  cable)	


PMTs	
  :	
  Gain	
  set	
  at	
  same	
  107	
  	
 Peak	
  at	
  pulse	
  height	
  differs	
  by	
  its	
  ;me	
  response	

HPD	
  	
  	
  :	
  Larger	
  electronic	
  noise	
  	
 Good	
  1	
  p.e.	
  separa;on	
  in	
  pulse	
  height	


(w/	
  70m	
  cable)	


Be#er	
  single	
  hit	
  efficiency	
  is	
  expected	
  in	
  new	
  photodetectors.	


1	
  p.e.	

1	
  p.e.	




l  	
  Ringing,	
  reflec;on	
  in	
  bleeder	
  circuit	
  might	
  also	
  appear.	
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A	
  few	
  tens	
  nsec	
  faster	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  than	
  main	
  pulse.	
  
	
  It	
  depends	
  on	
  dynode	
  	
  
	
  	
  structure	
  and	
  injec;on	
  	
  
	
  	
  	
  angle.	
  Few	
  rate	
  and	
  	
  
	
  	
  	
  	
  less	
  gain	
  are	
  expected.	


Main	
  signal.	
  
	
  	
  	
  Transit	
  ;me	
  (TT)	
  
	
  	
  	
  from	
  photocathode	
  	
  
	
  	
  	
  to	
  1st	
  dynode	
  depends	
  	
  
	
  	
  	
  on	
  a	
  bias	
  voltage	
  a	
  lille.	


Photoelectron	
  gets	
  	
  
	
  	
  	
  back	
  scalered	
  	
  
	
  	
  	
  on	
  1st	
  dynode	
  w/o	
  	
  
	
  	
  	
  	
  mul;plica;on.	
  	
  
	
  	
  	
  It	
  takes	
  three	
  ;mes	
  	
  
	
  	
  	
  more	
  than	
  transit	
  ;me.	
  	


0	
  nsec	
 0	
  nsec	
  +	
  TT	
  
	
  (Transit	
  Time)	


0	
  nsec	
  +	
  3	
  x	
  TT	
 0	
  nsec	
  +	
  TT	
  of	
  
	
  e-­‐	
  and	
  gas	
  ion	


(-­‐100	
  nsec	
  –)	
 (Within	
  T	
  resolu;on	
  &	
  ;me	
  walk)	
 (30	
  -­‐	
  150	
  nsec)	
 (150	
  nsec	
  –	
  100	
  μsec)	


Residual	
  gas	
  in	
  vacuum	
  
	
  	
  is	
  ionized	
  and	
  goes	
  back	
  
	
  	
  to	
  photocathode,	
  then	
  	
  
	
  	
  photoelectron	
  is	
  emiled	
  	
  
	
  	
  again.	
  Time	
  depends	
  on	
  
	
  	
  its	
  ion	
  mass.	


Usual	
  pulse	
  might	
  be	
  accompanied	
  with	
  other	
  pulses.	


Photon	

e-­‐	


Gas	
  ioniza;on	




l Much	
  pulse	
  by	
  Box&Line	
  dynode	
  
¡ Dynodes	
  of	
  Box&Line	
  PMT	
  opened	
  	
  
to	
  photocathode	
  largely,	
  which	
  can	
  allow	
  	
  
gas	
  ioniza;on	
  to	
  move	
  back	
  on	
  	
  
photocathode	
  easier	
  than	
  Vene;an	
  blind	
  dynode.	
  

l  Less	
  pulse	
  in	
  HPD	
  expected	
  
¡ No	
  metal	
  dynodes	
  could	
  avoid	
  ioniza;on	
  gas	
  during	
  mul;plica;on.	
  	
  
¡ Avalanche	
  diode	
  has	
  aNer	
  pulse	
  also,	
  but	
  it	
  is	
  much	
  less	
  than	
  
MPPC	
  (SiPM)	
  operated	
  in	
  Geiger	
  mode.	
  (To	
  be	
  studied)	
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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

© 2007 HAMAMATSU PHOTONICS K. K.
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50cm	
  Φ	
  PDs	
  
	
  	
  HQE	
  Super-­‐K	
  PMT	
  
	
  	
  HQE	
  Box&Line	
  PMT	
  
	
  	
  HQE	
  HPD	
  (w/5mmΦAD)	

NOTE	
  :	
  HPD	
  w/5mm	
  Φ	
  AD	
  	
  
prototype	
  has	
  less	
  	
  
collec;on	
  efficiency,	
  	
  	
  
half	
  than	
  its	
  design	
  (20mmΦ).	
  
Need	
  evalua;on	
  in	
  final	
  design.	




l  Ringing	
  depends	
  on	
  circuit	
  

¡  No	
  problem	
  in	
  integra;on,	
  
accompanied	
  with	
  main	
  pulse.	
  

l  Reflec;on	
  ;me	
  varied	
  by	
  
cable	
  length.	
  
¡  In	
  SK,	
  out	
  of	
  range	
  for	
  integra;on.	
  

l Dark	
  rate	
  in	
  (-­‐6000,	
  
-­‐300)	
  ns	
  

l  Pre-­‐pulse	
  in	
  (-­‐100,	
  
-­‐30)	
  ns	
  

l  	
  Main	
  pulse	
  (-­‐30,	
  35)	
  
ns	
  

l  	
  Late	
  pulse	
  in	
  
(60,130)	
  ns	
  

l  	
  Reflec;on	
  (130,350)	
  
l  	
  (1500,8000)	
  ns	
  
l  	
  (8000,25000)	
  ns	
  
l  	
  (25000,40000)	
  ns	
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  measured	
  at	
  0.25	
  p.e.	
  level	
  	
  
	
  around	
  1	
  p.e	
  signal	
  using	
  mul;	
  hit	
  TDC	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  with	
  20	
  nsec	
  coun;ng	


	
  
	
  (All	
  integrated	
  as	
  1	
  hit	
  in	
  Super-­‐K)	


HQE	
  Super-­‐K	
  PMT	
  
HQE	
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  PMT	


Reflec;on,	
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Evalua;on	
  of	
  rela;ve	
  pulse	
  rate	
  :	
  
	
  	
  1.	
  Dark	
  rate	
  using	
  off-­‐;me	
  events	
  	
  
	
  	
  	
  	
  	
  	
  	
  before	
  main	
  pulse.	
  
	
  	
  	
  2.	
  Count	
  in	
  each	
  ;me	
  window.	
  
	
  	
  	
  3.	
  Rela;ve	
  ra;o	
  to	
  main	
  pulse.	


Comparable	
  pulse	
  rates	
  in	
  both	
  cases	


NOTE	
  :	
  Peak	
  goes	
  out	
  of	
  	
  
	
  	
  integra;on	
  range	
  with	
  	
  
	
  	
  	
  	
  long	
  signal	
  cable	
  like	
  SK.	
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  thre.)	
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Define	
  in	
  3	
  regions	


1.	
 2.	
 3.	


Peak	
  ;ming	
  determined	
  by	
  
¡  Molecular	
  mass	
  of	
  gas	
  
¡  Bias	
  voltage	
  
¡  DriN	
  length	
  

Contamina;on	
  changed	
  	
  
	
  	
  	
  	
  by	
  residual	
  gas,	
  thus	
  

¡  Time	
  aNer	
  HV	
  applied	
  
¡  Aging	
  aNer	
  a	
  long	
  run	
  
¡  Gas	
  leak	
  from	
  outside	
  
¡  Individual	
  quality	
  in	
  

produc;on,	
  …	
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Pulse	
  measured	
  at	
  0.25	
  p.e.	
  level	
  	
  
	
  around	
  1	
  p.e	
  signal	
  using	
  mul;	
  hit	
  TDC	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  with	
  20	
  nsec	
  coun;ng	


	


HQE	
  Super-­‐K	
  PMT	
  
HQE	
  Box&Line	
  PMT	


Reflec;on,	
  etc.	
Late	
  
Pulse	


Ri
ng
in
g	


Pr
ep

ul
se
	
 Main	


Dark	
  
rate	


Evalua;on	
  of	
  rela;ve	
  pulse	
  rate	
  :	
  
	
  	
  1.	
  Dark	
  rate	
  using	
  off-­‐;me	
  events	
  	
  
	
  	
  	
  	
  	
  	
  	
  before	
  main	
  pulse.	
  
	
  	
  	
  2.	
  Count	
  in	
  each	
  ;me	
  window.	
  
	
  	
  	
  3.	
  Rela;ve	
  ra;o	
  to	
  main	
  pulse.	


for	
  different	
  molecular	
  masses	
  of	
  gas	


Could	
  be	
  background	
  of	
  	
  
physics	
  events	
  (μ	
  decay,	
  etc.)	


Observed	
  much	
  pulse	
  rate	
  
	
  in	
  Box&Line	
  PMT	
  as	
  expected	
  from	
  design.	


NOTE	
  :	
  Peak	
  goes	
  out	
  of	
  	
  
	
  	
  integra;on	
  range	
  with	
  	
  
	
  	
  	
  	
  long	
  signal	
  cable	
  like	
  SK.	


l Dark	
  rate	
  in	
  (-­‐6000,	
  
-­‐300)	
  ns	
  

l  Pre-­‐pulse	
  in	
  (-­‐100,	
  
-­‐30)	
  ns	
  

l  	
  Main	
  pulse	
  (-­‐30,	
  35)	
  
ns	
  

l  	
  Late	
  pulse	
  in	
  
(60,130)	
  ns	
  

l  	
  Reflec;on	
  (130,350)	
  
l  	
  (1500,8000)	
  ns	
  
l  	
  (8000,25000)	
  ns	
  
l  	
  (25000,40000)	
  ns	
  

HQE	
  Super-­‐K	
  PMT	
  
HQE	
  Box&Line	
  PMT	


Main	
  pulse	


Dark	
  
rate	
  subtracted	
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1 0.048 0.044 0.004 0.017 -0.004

0.05 0.077 0.005 0.002 0.003

0.049 0.005 0.048 0.005 0.006

0.135 0.011 0.008 0.007 -0.001 -0.035

0.312 0.024 0.015 -0.023 0.027 -0.118

0.27 0.02 0.011 -0.034 -0.046

Main pulse
Late pulse

Reflection
1 After pulse

2 After pulse
3 After pulse

Main pulse

Late pulse

Reflection

1 After pulse

2 After pulse

3 After pulse

-0.1

0

0.1

0.2

0.3

0.4

<0.001

<0.001

<0.001

1 0.052 0.009 0.049 0.19 0.03

0.053 0.069 0.006 0.019 0.003

0.012 0.009 0.007 0.012 0.003

0.106 0.008 0.003 0.05 0.087 0.009

0.275 0.022 0.005 0.053 0.193 0.036

0.157 0.011 0.002 0.027 0.152 0.031

Main pulse
Late pulse

Reflection
1 After pulse

2 After pulse
3 After pulse

Main pulse

Late pulse

Reflection

1 After pulse

2 After pulse

3 After pulse

-0.1

0

0.1

0.2

0.3

0.4

<0.001

<0.001

Each	
  measurement	
  in	
  one	
  PMT	
  sample	

*Contamina;on	
  of	
  2	
  or	
  more	
  p.e.	
  s;ll	
  exists.	
  	


Rela;ve	
  ra;o	
  to	
  main	
  pulse	
  
	
  	
  	
  HQE	
  Super-­‐K	
  	
  	
  	
  PMT	
  
	
  	
  	
  HQE	
  Box&Line	
  PMT	


ANer	
  pulses	


*	


HQE	
  Box&Line	
  PMT	


HQE	
  Super-­‐K	
  PMT	
  
Rela;ve	
  (diagonal)	
  and	
  coincidence	
  prob.	


P(X|Y)	


l  Box&Line	
  PMT	
  shows	
  aNer	
  pulses	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10	
  ;mes	
  more	
  than	
  SK	
  PMT’s.	
  	
  

l  Study	
  is	
  s;ll	
  con;nued.	
  
¡  On	
  several	
  samples	
  for	
  both	
  only	
  single	
  p.e.	
  case,	
  	
  

and	
  high	
  intensity	
  case	
  to	
  find	
  low	
  gain	
  pulse.	
  
¡  U;lize	
  rate	
  for	
  quality	
  control	
  and	
  BKG	
  es;ma;on	
  in	
  MC.	


Prob.	
  if	
  main	
  pulse	
  exists	
  →	

Nega;ve	
  values	
  from	
  	
  
	
  	
  	
  dark	
  rate	
  subtrac;on	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  in	
  few	
  sta;s;cs.	


Precondi;on	


Contamina;on	




l  Transi;on	
  of	
  aNer	
  pulse	
  rate	
  in	
  long	
  run	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  will	
  be	
  measured	
  for	
  a	
  year.	
  

l  Pulses	
  with	
  small	
  gain	
  is	
  also	
  iden;fied	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  with	
  high	
  intensity	
  measurement.	
  

l ANer	
  pulse	
  can	
  be	
  backgrounds	
  to	
  find	
  decayed	
  electron	
  
from	
  muon	
  in	
  2.2	
  us	
  mean	
  life;me,	
  coincidence	
  physics	
  
event,	
  etc.	
  
¡  In	
  Super-­‐K,	
  aNer	
  pulse	
  is	
  considered	
  in	
  analysis.	
  	
  
¡ Need	
  evalua;on	
  how	
  much	
  aNer	
  pulse	
  rate	
  affects	
  decayed	
  
electron	
  tagging	
  in	
  MC.	
  	
  

¡ Measured	
  profile	
  of	
  ;ming,	
  charge	
  and	
  frequency	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  required	
  in	
  each	
  photodetector.	
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l Measure	
  box&line	
  PMT	
  property	
  at	
  Kamioka	
  in	
  a	
  few	
  months.	
  
¡ CE	
  and	
  QE	
  uniformity	
  
¡ Time	
  offset	
  and	
  resolu;on,	
  charge	
  resolu;on	
  
¡ Response	
  by	
  various	
  magne;c	
  field	
  
¡ These	
  response	
  by	
  different	
  HV	
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l HPD	
  setup	
  in	
  	
  
Photosensor	
  Test	
  Facility	
  (TRIUMF)	
  
¡ 8”	
  HPD	
  was	
  arrived	
  at	
  TRIUMF.	
  

▶ Moun;ng	
  and	
  signal	
  check	
  were	
  done.	
  
▶ Can	
  measure	
  op;cal	
  property	
  and	
  response	
  in	
  water	
  

¡ Details	
  in	
  “Status	
  of	
  the	
  Photosensor	
  Tes;ng	
  
Facility”	
  in	
  calibra;on	
  session	
  by	
  Tom.	
  

New	
  dark	
  water	
  tank	
  at	
  Kamioka	


Scanning	
  planned	


PTF	
  at	
  TRIUMF	




l Installa;on	
  in	
  August	
  2014	
  
l Restart	
  from	
  September	
  2014	
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8”	
  HPD	

HPD	
  spare	
  cable	

20”	
  HQE	
  PMT	


High	
  rate	


Over	
  current	


Install	
  three	
  of	
  20”	
  high-­‐QE	
  Box&Line	
  PMTs	


Replace	
  two	
  8”	
  HPDs	


Inves;gate	
  source	
  	
  
	
  	
  	
  	
  	
  	
  of	
  high	
  rate,	
  etc.	


New	
  version	
  of	
  HV	
  module	
  
	
  	
  	
  designed	
  with	
  high	
  withstand	
  voltage,	
  	
  
	
  	
  	
  	
  	
  low	
  noise,	
  wide	
  HV	
  range	
  for	
  future.	




l Measured	
  4	
  HPDs	
  to	
  select	
  two	
  candidates	
  for	
  installa;on.	
  
¡ Pre-­‐selec;on	
  on	
  performance	
  done	
  

▶ Peak	
  to	
  valley	
  ra;o	
  between	
  pedestal	
  
and	
  1	
  p.e.	
  is	
  sufficiently	
  beler	
  than	
  1.2	
  

▶ Dark	
  rate	
  less	
  than	
  35	
  kHz	
  
¡ Tested	
  for	
  con;nuous	
  3	
  days	
  
¡ Durability	
  test	
  with	
  	
  
	
  	
  	
  	
  	
  	
  	
  100	
  ;mes	
  HV	
  power	
  cycle	
  

l  Thee	
  box&line	
  PMTs	
  waterproofed	
  for	
  proof	
  test	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  will	
  be	
  delivered	
  soon	
  to	
  Kamioka.	
  
¡ Calibra;on	
  and	
  pre	
  selec;on	
  for	
  a	
  week	
  
¡ Compa;ble	
  design	
  with	
  SK	
  PMT	
  

l  Next	
  update	
  on	
  20”	
  HPD	
  in	
  autumn	
  2014,	
  and	
  proof	
  test	
  in	
  2015.	
  
¡  New	
  AD,	
  amplifier,	
  ..	
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EHD0xxx	
 98	
 99	
 102	
 104	


HVI	
  (V)	
 2.81	
  V	
 2.81	
  V	
 2.81	
  V	
 2.81	
  V	


LVI	
  (V)	
 1.22	
  V	
 1.20	
  V	
 1.26	
  V	
 1.35	
  V	


Peak	
  to	
  valley	
  
ra;o	


2.24	
 2.14	
 1.80	
 1.46	


ペデスタル幅	
 0.58	
  pC	
 0.55	
  pC	
 0.58	
  pC	
 0.69	
  pC	


Threshold [mV]
0 2 4 6 8 10

D
ar

k 
R

at
e 

[k
H

z]

-110

1

10

210

310
EHD0098 LV(1.221V)
EHD0099 LV(1.199V)
EHD0102 LV(1.263V)
EHD0104 LV(1.352V)

EHD0098 LV(1.221V)
EHD0099 LV(1.199V)
EHD0102 LV(1.263V)
EHD0104 LV(1.352V)

EHD0098 LV(1.221V)
EHD0099 LV(1.199V)
EHD0102 LV(1.263V)
EHD0104 LV(1.352V)

EHD0098 LV(1.221V)
EHD0099 LV(1.199V)
EHD0102 LV(1.263V)
EHD0104 LV(1.352V)

Dark	
  count	
  rate	
  	
  at	
  4mV	


3.0	
  kHz	
  
28.7	
  kHz	
  
17.1	
  kHz	
  
15.2	
  kHz	
  



l  Large	
  junc;on	
  capacitance	
  is	
  cri;cal	
  
	
  to	
  read	
  signal	
  from	
  20mm	
  Φ	
  AD.	
  

l  R&D	
  ongoing	
  in	
  several	
  op;ons	
  
¡ Half	
  junc;on	
  capacity	
  with	
  another	
  AD	
  manufacture	
  process	
  
¡ Pixelized	
  AD	
  up	
  to	
  5	
  segmenta;on	
  and	
  sum	
  amp	
  
¡ Electric	
  field	
  redesigning	
  with	
  smaller	
  focus	
  area	
  
¡ Preamplifier	
  development	
  

l  Ini;al	
  preamplifier	
  test	
  with	
  exis;ng	
  	
  
charge	
  amp,	
  and	
  new	
  boot	
  strap	
  amp	
  	
  
were	
  tried	
  on	
  20mm	
  Φ	
  AD	
  read	
  out.	
  
¡ Single	
  p.e.	
  signal	
  is	
  barely	
  confirmed.	
  	
  
¡ S;ll	
  problem	
  about	
  hit	
  trigger,	
  	
  
;me	
  response,	
  white	
  noise…	
  and	
  R&D	
  just	
  started	
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l  Built-­‐in	
  HV	
  power	
  supply	
  are	
  being	
  developed	
  by	
  four	
  manufacturers.	
  	
  
¡  One	
  is	
  used	
  in	
  current	
  HPD,	
  two	
  are	
  ready	
  soon	
  and	
  other	
  under	
  design.	
  
¡  Plan	
  of	
  durability	
  test	
  to	
  es;mate	
  life	
  ;me,	
  and	
  performance	
  evalua;on	
  with	
  

implementa;on	
  during	
  R&D	
  process	
  from	
  autumn	
  2014.	
  	
  
¡  Digital	
  control	
  line,	
  instead	
  of	
  many	
  analog	
  lines,	
  is	
  under	
  considera;on.	
  

▶  Currently	
  +10/GND	
  power,	
  HV/LV	
  control,	
  enable,	
  over	
  current,	
  …	
  in	
  analog	
  
¡  Radiator	
  design	
  into	
  water	
  is	
  important	
  to	
  avoid	
  hea;ng	
  around	
  AD.	
  
¡  Select	
  cheap	
  and	
  reliable	
  module	
  with	
  sufficient	
  performance	
  by	
  test.	
  

l  Mul;-­‐(or	
  single)	
  channel	
  HV	
  power	
  supply	
  in	
  waterproof	
  front-­‐end	
  
module	
  is	
  also	
  another	
  op;on	
  considering	
  redundancy.	
  
¡  New	
  technology	
  should	
  be	
  established	
  due	
  to	
  difficulty	
  of	
  high	
  10	
  kV	
  line.	
  
¡  Thin	
  and	
  tough	
  long	
  HV	
  cable	
  for	
  10	
  kV	
  with	
  few	
  current,	
  2ch	
  lines	
  in	
  each	
  HPD	
  
¡  HV	
  connector	
  in	
  high	
  pressure	
  water	
  	
  

l  Test	
  is	
  required	
  in	
  high	
  pressure	
  water,	
  and	
  in	
  HK	
  prototype	
  detector.	
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What	
  can	
  we	
  do	
  in	
  R&D?	
  
l  Ini;al	
  failure	
  is	
  found	
  by	
  	
  
	
  quality	
  verifica;on	
  in	
  factory	
  
	
  	
  or	
  check	
  and	
  pre-­‐test	
  
	
  	
  	
  	
  at	
  Kamioka	
  

l  Early	
  failure	
  and	
  	
  
	
  performance	
  are	
  evaluated	
  
	
  	
  	
  in	
  EGADS	
  proof	
  test	
  	
  
	
  	
  	
  	
  	
  	
  for	
  a	
  few	
  years	
  run	
  

	
  
l  Accelerated	
  degrada;on	
  test	
  	
  
	
  	
  	
  	
  for	
  15-­‐30	
  years	
  in	
  Hyper-­‐K	
  
¡  Power	
  cycle	
  test	
  (HV,	
  amp,	
  etc.)	
  

▶  Tested	
  in	
  HPD	
  (30,000	
  cycles)	
  before	
  proof	
  test	
  

¡  Aging	
  test	
  (accumulated	
  light,	
  current,	
  etc.)	
  
▶  Not	
  yet	
  done,	
  but	
  planned	
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Wikipedia	
  :	
  Bathtub	
  curve	


A	
  few	
  months	
  ~	
  years	


Over	
  ten	
  years	


HV/amp	
  breakdown	
  
Flasher	
  
High	
  rate	


l  Design	
  life,	
  ra;ng	
  life	
  
¡  Selec;on	
  of	
  reliable	
  parts,	
  test	
  
¡  Reliability	
  and	
  experience	
  
¡  Maintenance	
  op;on	
  in	
  HK	
  



8”	
  HPD	
 High	
  QE	
 20”	
  HPD	
 20”	
  Box&Line	
 SK	
  PMT	


Intrinsic	
  resolu;on	
 ◎	
 -­‐	
 ◎	
 ◎	
 ○	


Measured	
  resolu;on	
 ◎	
 -­‐	
 ◎	
 ◎	
 ○	


Dark	
  rate	
 ◎	
 △	
 ?	
 ?	
 ○	


Collec;on	
  Efficiency	
 98%	
 -­‐	
 95%	
 93%	
 80%	


B-­‐filed	
  tolerance	
 ◎	
 -­‐	
 ◎	
 ○	
 ○	


ANer	
  pulse	
 ◎	
 -­‐	
 ◎	
 △	
 ○	


Noise	
  from	
  electronics	
 △	
 -­‐	
 △	
 ○	
 ○	


Gain	
  thermal	
  dependence	
 △	
 -­‐	
 △	
 ○	
 ○	


Power	
  consump;on	
  (Valve)	
 ◎	
 -­‐	
 ◎	
 ○	
 ○	


Power	
  consump;on	
  (HV/amp)	
 ○	
 -­‐	
 ○	
 ◎	
 ◎	


Test	
  status	
 In	
  tank	
 In	
  tank	
 (2015)	
 Soon	
 In	
  tank	


R&D	
  progress	
 Update	
  
is	
  planned	
 ○	
 Ongoing	
  

(AD,	
  amp)	
 Ready	
  for	
  test	
 ◎	


Reliability	
 ?	
 ?	
 ?	
 ○?	
 ◎	
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l Effect	
  of	
  aNer	
  pulse	
  from	
  new	
  photodetectors	
  
should	
  be	
  studied	
  in	
  MC	
  simula;on	
  with	
  measured	
  
profile.	
  

l Preamplifier	
  for	
  20”	
  HPD	
  is	
  essen;al	
  and	
  difficult.	
  
Several	
  op;ons	
  of	
  AD	
  readout	
  are	
  considered.	
  

l Next	
  validity	
  test	
  will	
  start	
  soon	
  with	
  20”	
  box&line	
  
PMTs.	
  Durability	
  test	
  outside	
  tank	
  is	
  also	
  planned.	
  	
  

l There	
  are	
  s;ll	
  many	
  study	
  items.	
  All	
  evalua;ons	
  
will	
  end	
  by	
  2016	
  to	
  select	
  the	
  best	
  photodetector	
  
for	
  Hyper-­‐K.	
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