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HPD	  (w/	  amp)	 Box	  &	  Line	  PMT	SK	  PMT	
Rise	  Time	 7.4	  ns	 6.2	  ns	 10.6	  ns	
Fall	  /me	 11.5	  ns	 6.3	  ns	 13.1	  ns	
Pulse	  Width	 25.5	  ns	 16.7	  ns	 31.4	  ns	
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Photodetectors	  for	  Hyper-‐Kamiokande	
There	  are	  3	  candidates	  for	  photodetectors	  of	  Hyper-‐Kamiokande.	  
50	  cm	  φ	  Box	  and	  Line	  type	  PMT	  and	  Hybrid	  Photodetector	  (HPD)	  are	  under	  	  
development.	  
The	  photodetectors	  below	  have	  higher	  QE	  (30%)	  than	  SK	  PMT	  (22%)	  

Difference	  of	  dynode	

Box	  and	  Line	  type	

Conclusion	
•  We	  are	  developing	  new	  50-‐cm	  φ	  photodetectors	  
-  Evalua/on	  first	  performance	  of	  these	  prototypes	  
-  Bejer	  performance	  (pulse	  shape,	  /ming	  resolu/on,	  1	  p.e	  resolu/on)	  	  

of	  new	  photodetectors	  was	  confirmed	  than	  the	  Super-‐K	  PMT.	  
•  New	  preamplifier	  for	  20	  mm	  φ	  avalanche	  diode	  is	  under	  

development	  to	  improve	  the	  performance	  
•  Box	  &	  Line	  PMT	  is	  ready	  for	  a	  test	  in	  water	  tank	  that	  will	  start	  in	  	  

summer	  2014	  
•  We	  will	  evaluate	  50	  cm	  φ	  photodetectors	  performance	  in	  

more	  detail	  
-  Gain	  dependence	  on	  temperature	  and	  magne/c	  field,	  

aker	  pulse	  noise,	  uniformity	  of	  gain	  and	  efficiency	  and	  so	  on	  
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HPD	  and	  Box	  &	  Line	  PMT	  have	  faster	  response	  than	  that	  of	  Super-‐K	  PMT.	  

Mul/	  photoelectron	  peaks	  can	  be	  iden/fied	  in	  HPD	  and	  Box	  &	  Line	  PMT	

Transit	  Time	  Spread	  (TTS)	

Peak	

Valley	

1	  p.e	  resolu/on	

Charge	

FWHM	  of	  TTS	

Time	

Fijed	  by	  ex-‐gaussian	

Box	  &	  Line	  PMT	  and	  HPD	  have	  bejer	  1p.e	  resolu/on	  	  
and	  /ming	  resolu/on.	  	

	  20	  ns	  

HV:  8kV,  Bias:  260V,  multi-p.e.

Performance	  
We	  evaluated	  some	  basic	  performance	  of	  the	  prototype	  of	  50	  cm	  φ	  HPD	  	  
with	  5mm	  φ	  Avalanche	  Diode	  (AD)	  and	  preamp,	  and	  Box	  &	  Line	  PMT	  
(20	  mm	  φ	  AD	  in	  the	  final	  design	  HPD)	

HPD	  (w/	  preamp)	 B&L	  PMT	 SK	  PMT	
1	  p.e	  resolu/on	  (σ/μ)	 16%	 35%	 53%	
Peak/valley	  	 3.9	   4.3	 2.2	
FWHM	  of	  TTS	  
(measured)	

3.4	  ns	   4.1	  ns	 7.3	  ns	

FWHM	  of	  TTS	  
(calculated)	  	

0.75	  ns	  	  
(w/o	  preamp)	  

2.7	  ns	 5.5	  ns	The	  /ming	  resolu/on	  of	  HPD	  becomes	  worse	  in	  the	  preamplifier	  
(From	  the	  intrinsic	  resolu/on)	
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Hyper-‐Kamiokande	  

•  A	  future	  plan	  of	  ν	  experiments	  with	  1	  M-‐ton	  water	  Cherenkov	  detector.	  
•  High	  sensi/vity	  with	  much	  sta/s/cs	  because	  of	  the	  large	  size.	  

Purpose	  of	  use	  
•  Accelerator,	  solar,	  and	  atmospheric	  
neutrino	  measurement.	  

•  Proton	  decay	  search	  
•  Study	  about	  Astro-‐par/cle	  physics	  	  
(Measurement	  of	  supernova	  neutrino	  etc.)	  

•  etc.	  

Enlarging	  is	  easy.	  	

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.
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Figure 4-11: Types of electron multipliers
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←1st	

might	  miss	  1st	  dynode.	  
→Decrease	  collec/on	  	  
efficiency	

Drik	  path	  can	  be	  varied.	  
→Decrease	  /ming	  	  
resolu/on	

e	

Box	  and	  line	  type	  PMT	  (New	  for	  50	  cm	  φ)	

Feature	  
•  High	  collec/on	  efficiency	  by	  box	  shape	  1st	  dynode	  
•  Fast	  /me	  response	  by	  linear	  focused	  dynode	

Box	  and	  Line	  type	

e	•  PMT	  with	  different	  type	  dynode	

1st	  dynode	
Drik	  path	  is	  	  
almost	  iden/cal.	

Large	  	  
coverage	

Hybrid	  Photo	  Detector	  (HPD)	  
Photodetector	  with	  avalanche	  diode	  instead	  of	  dynode	

HPD	

Feature	  
•  Simple	  structure	  and	  low	  cost	  
•  The	  HV	  is	  higher	  than	  PMT	  
•  Good	  signal	  resolu/on	  
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e	 Bombardment	  gain	  
×	  〜1600	

Avalanche	  gain	  ×	  50~100	

	  ΔV~-300 V  
(Prototype)	

VeneEan	  blind	  type	  PMT(Super-‐K)	
•  Used	  in	  Super-‐K	  for	  18	  years	  and	  the	  performance	  is	  established	  and	  reliable.	  
•  The	  high	  QE	  prototype	  has	  been	  already	  made.	  	  

VeneEan	  blind	  type	

Pulse	  shape	  
(HPD	  and	  Box	  &	  Line	  PMT	  is	  Prototypes)	

20	  cm	  φ	  HPD	  w/o	  preamp	  	  	  
rise	  Eme:	  1.7	  ns,	  fall	  Eme:	  2.7	  ns	

Red:	  High-‐QE	  HPD	  
Green:	  High-‐QE	  Box	  &	  Line	  PMT	  
Black:	  SK	  PMT	

Red:	  High-‐QE	  HPD	  
Green:	  High-‐QE	  Box	  &	  Line	  PMT	  
Black:	  SK	  PMT	
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Rise	  Time	 7.4	  ns	 6.2	  ns	 10.6	  ns	
Fall	  /me	 11.5	  ns	 6.3	  ns	 13.1	  ns	
Pulse	  Width	 25.5	  ns	 16.7	  ns	 31.4	  ns	

Inner	  detector	
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EXECUTIVE SUMMARY

FIG. 1. Schematic view of the Hyper-Kamiokande detector.

Outer	  detector	

Required	  to	  develop	  new	  photodetectors	  with	  beSer	  performance	  and	  
lower	  cost	  than	  Super-‐Kamiokande	  (SK)	  PMT	  
	  (As	  a	  countermeasure	  for	  the	  cost	  of	  large	  number	  of	  photodetector	  and	  
performance	  decrement	  from	  the	  small	  coverage)	

HPD$(w/$preamp)� B&L$PMT� SK$PMT�
1$p.e$resolu;on$(σ/μ)� 16%� 35%� 53%�
Peak/valley$� 3.9$ 4.3� 2.2�
FWHM$of$TTS$
(measured)�

3.4$ns$ 4.1$ns� 7.3$ns�

FWHM$of$TTS$
(calculated)$�

0.75$ns$$
(w/o$preamp)$

2.7$ns� 5.5$ns�

50	  ns	

20	  mV	

Pulse	  shape	  of	  20	  cm	  φ	  HPD	  
(with	  a	  	  preamp)	


