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Scope	  of	  work	  in	  U.S.	  	  
•  Evalua?on	  of	  Hamamatsu	  10	  and	  12	  inch	  High	  Quantum	  
Efficiency	  (HQE)	  PMTs	  and	  ETL	  8"	  9354KB	  

•  	  Measurement	  of	  magne?c	  field	  effects	  and	  
compensa?on	  concepts	  

•  	  Development	  and	  evalua?on	  of	  three	  concepts	  for	  
external	  light	  collectors	  

•  	  Work	  with	  ADIT/ETL	  to	  develop	  an	  11	  inch	  HQE	  PMT	  
•  	  Mechanical	  tes?ng	  of	  PMTs	  

•  	  Future	  plans	  

Ins?tu?ons:	  	  Brookhaven,	  Caltech,	  Colorado	  State,	  UC	  Davis,	  Duke,	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Drexel,	  Fermilab,	  Penn,	  Wisconsin	  



PMT's	  evaluated	  thus	  far	  

In	  this	  talk:	  

10"	  HQE	  evaluated	  
against	  20"	  SK	  
PMT	  

Performance	  of	  
Both	  standard	  
And	  HQE	  12"	  PMT	  

Results	  from	  HQE	  version	  now	  
completed	  



Penn	  PMT	  tes;ng	  lab	  



UC	  Davis	  Test	  Lab	  
Tests	  on	  Magne?c	  Effects	  and	  rela?ve	  
	  	  	  	  Quantum	  Efficiency	  



Single	  p.e.	  tests	  of	  Hamamatsu	  12"	  Standard	  
and	  HQE	  PMT	  (gain	  =	  1	  x	  107)	  

"Normal"	  Quantum	  Efficiency	   "High"	  Quantum	  Efficiency	  

Example	  of	  Pulse	  Height	  Distribu?ons	  



7	  normal	  QE	  PMT's	  

10	  high	  QE	  PMT's	  

Conclusions:	  	  Performance	  is	  comparable,	  with	  perhaps	  a	  systema?cally	  low	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Peak/Valley	  ra?o	  



Timing	  Response	  (gain	  =	  1	  x	  107)	  

7	  normal	  QE	  

10	  high	  QE	  

Conclusions:	  The	  performance	  of	  the	  
Standard	  and	  HQE	  PMTs	  is	  very	  similar	  	  

Look	  at	  ?me	  distribu?ons	  using	  
triggered	  Cherenkov	  source	  at	  
the	  single	  p.e.	  level	  (~94%	  1	  pe	  
expected)	  .	  



Comparison	  of	  ONE	  10"	  HQE	  with	  ONE	  20"	  SK	  
PMT	  (with	  face	  masked	  to	  same	  area)	  



New!:	  comparison	  of	  Normal	  and	  
High	  QE	  12"	  PMT's	  

Conclusion:	  There	  is	  some	  significant	  tube-‐to-‐tube	  varia?on,	  but	  average	  is	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  50%	  improvement	  over	  standard	  photocathode	  

Test	  performed	  using	  
triggered	  Cherenkov	  source	  



Varia?on	  in	  charge	  collec?on	  and	  
?ming	  

Automated	  scanning	  system	  using	  triggered	  	  
Cherenkov	  source	  with	  pinhole	  



Example	  of	  12"	  PMT	  
with	  standard	  QE	  

Example	  of	  12"	  PMT	  
with	  high	  QE	  



Light	  collector	  op?ons	  studied	  

•  Three	  different	  light	  concentrator	  op?on	  are	  subject	  to	  
R&D	  
– Wavelength	  shijing	  film:	  coat	  thin	  layer	  of	  wavelength	  
shijing	  material	  on	  the	  PMT	  glass	  surface	  -‐	  ~10-‐15%	  light	  
collec?on	  improvement	  

–  	  Wavelength	  shijing	  plates:	  flat	  panels	  put	  around	  PMT	  
above	  the	  equator	  doped	  with	  WLS:	  large	  	  light	  collec?on	  
improvement,	  will	  discuss	  in	  simula?on	  talk	  	  

– Winston	  cones:	  ellip?cally	  shaped,	  reflec?ve,	  non	  imaging	  
cones	  –	  interface	  with	  PMT	  close	  to	  equator:	  large	  light	  
collec?on	  improvement,	  will	  discuss	  in	  simula?on	  talk	  



Wavelength	  shijing	  	  
•  Quantum	  Efficiency	  of	  PMT	  is	  low	  @	  shorter	  wavelength	  

–  Proper?es	  of	  glass,	  dominated	  by	  photo-‐electric	  effect	  	  
•  Cerenkov	  Spectrum	  

roughly	  follows	  1/λ2	  

•  Use	  WLS	  to	  shij	  	  
light	  at	  shorter	  WL	  to	  	  
longer	  WL	  to	  
increase	  light	  	  
collec?on.	  

From	  Xin	  

PPO	  WLS	  Material	  

Wavelength	  (nm)	  

Absorp?on	  
Re-‐emission	  

300	  250	   350	   400	   450	  



Wavelength	  Shijing	  Film	  

•  An?cipate	  10-‐15%	  increase	  with	  	  
	  	  	  	  	  op?mal	  material	  (the	  same	  level	  
	  	  	  	  	  achieved	  in	  similar	  studies	  performed	  for	  Ice	  
	  	  	  	  	  Cube)	  	  
•  WLS	  material	  and	  coa?ng	  thickness	  can	  be	  varied.	  

•  Modest	  cost,	  but	  also	  modest	  light	  increase	  
•  Easy	  to	  implement:	  no	  mechanical	  changes	  in	  the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PA	  

design	  needed	  	  

•  May	  be	  added	  to	  the	  baseline	  at	  the	  later	  ?me	  



WLS	  Plates	  
Stand	  alone	  simula?ons	  showed	  light	  collec?on	  increase	  of	  50%	  or	  more	  
depending	  on	  the	  size	  of	  the	  plate,	  interface	  with	  PMT,	  fluor,	  decay	  ?me.	  	  
The	  effect	  of	  ?ming	  degrada?on	  on	  vertex	  resolu?on	  is	  under	  study	  in	  WCSim.	  More	  to	  
come	  in	  separate	  talk	  on	  WLS	  plates	  and	  simula?on.	  



Winston	  cones	  (LCs)	  
•  Non	  imaging	  light	  collectors	  –	  

ellipsoidal	  in	  shape	  that	  
operate	  as	  reflec?ve	  mirrors(Al	  
and	  Ag	  inves?gated	  so	  far).	  

First	  prototype	  

Actual	  dimensions	  
of	  the	  last	  10”	  prototype	  



Light	  Collectors	  in	  WCSim	  
•  All	  three	  LCs	  are	  implemented	  in	  WCSim	  

•  Analysis	  Team:	  X.	  Qian	  (Caltech),	  W.	  Johnston	  (CSU),	  S.	  Perasso	  and	  
R.	  Wasson	  (Drexel)	  



Very	  Preliminary	  Results	  
•  Light	  Collectors	  can	  improve	  the	  performance	  of	  WC	  when	  the	  

PMT	  coverage	  is	  small.	  	  

•  2	  m	  fiducial	  volume	  cut	  @	  LBNE	  is	  conserva?ve.	  	  
•  More	  PMT	  coverage	  would	  lead	  to	  a	  high	  electron	  PID	  

efficiency	  and	  high	  muon	  PID	  rejec?on	  factor.	  	  

LC	   WLS	   WLSP	  

NPE	  Gain	   ~50%	   ~10%	   ~30%	  

Reconstruc?on	   Large	  Spread	   Small	  Spread	   Small	  Spread	  

Intrinsic	  resolu?on	   Large	  loss	   	  	  	  N/A	   Small	  loss	  

Fiducial	  volume	  	   ~10%	  reduc?on	   	  No	  loss	   	  No	  loss	  

Vertex	  Resolu?on	   Small	  effect	   5%	  increment	   15%	  increment	  

Electron/Muon	   Small	  loss	   No	  clear	  effect	   No	  clear	  effect	  

Neutral	  Pion	   N/A	   	  	  	  	  N/A	   Small	  effect	  

N/A	  means	  no	  dedicated	  studies	  were	  performed.	  	  





Design	  of	  a	  super-‐strong	  envelope	  
would	  allow	  much	  deeper	  detectors	  



Future	  Plans	  
•  Will	  con?nue	  work	  on	  WLSP	  characteriza?on	  
over	  the	  next	  year	  

•  Will	  complete	  and	  publish	  results	  for	  12"	  PMT	  
characteriza?on	  

•  We	  have	  asked	  NSF	  to	  spend	  some	  exis?ng	  
R&D	  funds	  to	  complete	  produc?on	  of	  at	  least	  
10	  11"	  ETL	  PMT's.	  This	  would	  take	  ~15	  
months.	  We	  will	  evaluate	  these	  for	  
performance	  in	  similar	  fashion	  to	  12"	  
Hamamatsu	  



Backup	  




