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Goal	
  of	
  the	
  DiagnosRc:	
  

•  Obtain	
  Rme-­‐dependent	
  informaRon	
  on	
  the	
  
proton	
  emission	
  profile	
  	
  

•  Achieve	
  a	
  Rme	
  resoluRon	
  down	
  to	
  1	
  ms	
  
•  Provide	
  new	
  informaRon	
  on	
  fast	
  ion	
  
transport	
  

•  Has	
  the	
  potenRal	
  for	
  other	
  ion	
  detecRon:	
  	
  
3He,	
  3H	
  

•  Rev.	
  Sci.	
  Instrum.	
  81,	
  10D301	
  (2010)	
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  Principle	
  

  d + d ! p + 3H dominated	
  by	
  neutral	
  
beam	
  and	
  plasma	
  ion	
  
interacRons	
  

	
  
•  proton	
  is	
  not	
  confined	
  in	
  the	
  magneRc	
  field	
  of	
  NSTX	
  
•  proton	
  frequently	
  does	
  not	
  complete	
  a	
  full	
  gyro	
  orbit	
  before	
  it	
  exits	
  the	
  

plasma	
  
•  proton	
  trajectory	
  similar	
  to	
  a	
  view	
  chord	
  of	
  an	
  X-­‐ray	
  camera	
  

Tp	
  =	
  3.02	
  MeV	
  
TT	
  =	
  1.01	
  MeV	
  
p	
  =	
  75	
  MeV/c	
  

KinemaRcs:	
  

detect	
  protons	
  from:	
  	
  

Advantage	
  at	
  NSTX:	
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Measurement	
  technique:	
  
	
  
•  array	
  of	
  proton	
  detectors	
  views	
  

different	
  parts	
  of	
  the	
  plasma	
  
•  each	
  detector-­‐collimator	
  system	
  

defines	
  a	
  phase	
  space	
  volume	
  
•  proton	
  orbits	
  conserve	
  phase	
  space	
  
•  every	
  proton	
  emieed	
  in	
  the	
  

corresponding	
  phase	
  space	
  volume	
  is	
  
detected	
  

•  view	
  path	
  is	
  determined	
  by	
  
calculaRng	
  the	
  Rme-­‐reversed	
  proton	
  
orbit	
  for	
  a	
  proton	
  entering	
  along	
  the	
  
collimator-­‐detector	
  center	
  line	
  

•  observed	
  proton	
  rate	
  is	
  a	
  measure	
  of	
  
the	
  integrated	
  emissivity	
  along	
  the	
  
view	
  path	
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Proton	
  measurements	
  have	
  been	
  carried	
  out	
  previously:	
  
• 	
  W.W.Heidbrink,	
  J.D.Strachan,	
  Rev.	
  Sci.	
  Instrum,	
  56,	
  501	
  (1985)	
  
• J.D.	
  Strachan,	
  Rev.	
  Sci.	
  Instrum.,	
  57,	
  1771	
  (1986)	
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ReconstrucRon	
  of	
  Emission	
  Profile	
  
Principle	
  
•  assume	
  emissivity	
  S,	
  is	
  constant	
  on	
  
surfaces	
  of	
  constant	
  flux	
  (yrel)	
  

•  use	
  a	
  parametric	
  expression	
  for	
  S(yrel)	
  
•  fit	
  parameters	
  to	
  the	
  observed	
  
efficiency	
  (data	
  yield)	
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Digitizer

Data 
acquisition 
PC

60MS/s
8 channels, 12 
bitNI PCI 5105

Detectors Pre-Amplifier Amplifier
Canberra
2003BT

Canberra
2111

Ortec
CU-014-050-100

2/15/11	
   Preliminary	
  Design	
  Review,	
  Feb.	
  2011	
   6	
  

Data	
  AcquisiRon	
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•  Prototype:	
  1	
  –	
  2	
  detectors	
  (PresentaRon	
  by	
  Ramona)	
  
•  Flexible	
  orientaRon	
  
•  Study	
  signals	
  and	
  rates	
  
•  OpRmize	
  detector	
  arrangement	
  and	
  locaRon	
  	
  

First	
  Step	
  

Second	
  Step	
  
•  Build	
  full	
  array	
  
•  Compact	
  design	
  
•  OrientaRons	
  fixed	
  	
  



SimulaRons	
  with	
  Lorentz	
  Orbit	
  Code	
  
(based	
  on	
  ORBIT205)	
  	
  

•  For	
  full	
  array	
  of	
  8	
  detectors	
  
•  Use	
  a	
  standard	
  field	
  configuraRon	
  
•  Acceptance	
  for	
  rectangular	
  collimator	
  and	
  detector	
  
•  Use	
  counRng	
  staRsRcs	
  as	
  error	
  source	
  
•  Emissivity	
  as	
  a	
  funcRon	
  of	
  relaRve	
  flux	
  used:	
  	
  

  
S

Orbit
(!

rel
) =!

rel

11.45

2/15/11	
   Preliminary	
  Design	
  Review,	
  Feb.	
  2011	
   8	
  



View	
  C	
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Total	
  ReacRon	
  Rate:	
  2⋅1014/s	
  

IntegraRon	
  Rme	
  :	
  1ms	
   IntegraRon	
  Rme	
  :	
  5ms	
  

Red	
  Points:	
  expected	
  counts	
  
Blue	
  Points:	
  Fit	
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  almost	
  
indisRnguishable	
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  fit	
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Zernike	
  Polynomial	
  Fit	
  up	
  to	
  5th	
  order	
  

IntegraRon	
  Rme	
  :	
  1ms	
   IntegraRon	
  Rme	
  :	
  5ms	
  

Red	
  Line:	
  S(yrel)	
  used	
  in	
  ORBIT	
  
Cyan	
  Line:	
  fieed	
  S(yrel)	
  	
  
Blue	
  Band:	
  Error	
  Band	
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