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The aim of:  PASPAG – SEE   

Using the R&D and KnowHow of the PARIS and CALIFA 
collaborations obtained within the INDESYS and GANAS projects 
the PASPAG-SEE aims for 
 

•  Simultaneous detection of Gamma and Particle Radiation	
  by	
  the	
  use	
  of	
  new 
scintillator materials combined	
  with	
  the	
  phoswich	
  technique.	
  	
  

•  Digital electronic and	
  DAQ	
  with improved throughput and more effective 
storage	
  will	
  be	
  developed.	
  	
  

•  R&D	
  on	
  new	
  Secondary Electron Emission (SEE) materials	
  will	
  be	
  performed	
  in	
  
order	
  to	
  develop	
  thin detectors for Low-Energy beam.	
  

•  The JRA aims for cost effective, reduced systems in size and 
complexity that can be used at several facilities.  

July	
  2013	
   ENSAR2	
  	
  	
  	
  	
  	
  JRA:	
  PASPAG-­‐SEE	
  	
  	
  	
  	
  	
  	
  O.	
  Tengblad	
   2	
  



Paris – Califa @ IFJ 

July	
  2013	
   ENSAR2	
  	
  	
  	
  	
  	
  JRA:	
  PASPAG-­‐SEE	
  	
  	
  	
  	
  	
  	
  O.	
  Tengblad	
  

l Newly	
  constructed	
  cyclotron	
  (IBA	
  Proteus	
  C-­‐235).	
  
l 	
  First	
  experiment	
  in	
  hall!	
  

l 	
  Proton	
  beam	
  energies	
   	
  70-­‐230	
  MeV,	
  	
  	
  
	
  0.7%	
  resolu>on.	
  
	
  <	
  1nA	
  intensity.	
  

Different	
  aspects	
  tested	
  on	
  the	
  same	
  >me	
  
•  Scin>llator	
  materials/sizes/segmenta>on	
  
•  Sensor:	
  PM-­‐tubes	
  and	
  LAPD	
  
•  Temp	
  regulated	
  PReAmp	
  
•  Electronics:	
  Analogue,	
  Digital,	
  	
  
•  Pulse	
  Shape	
  Iden>fica>on	
  

CALIFA	
  petalo	
  
64	
  CsI(Tl)	
  +	
  
LAPD	
  	
  

	
  -­‐	
  CEPA4	
  LaBr3-­‐LaCl3	
  phoswich	
  4	
  detectors	
  close	
  	
  
	
  	
  	
  packed	
  in	
  an	
  Al	
  (1mm)	
  case	
  
	
  -­‐	
  Each	
  detector	
  is	
  40	
  +	
  60	
  mm	
  long.	
  The	
  	
  
	
  	
  	
  entrance	
  window:	
  27	
  x	
  27	
  mm2

	
  

	
  	
  -­‐	
  Readout:	
  4	
  Hamamatsu	
  PM	
  Tubes	
  
	
  	
  -­‐	
  A	
  DSSD	
  detector	
  (16x16)	
  at	
  the	
  entrance	
  face	
  
	
  	
  -­‐	
  A	
  VME	
  CAEN	
  Flash	
  ADC	
  (V1742)	
  to	
  	
  
	
  	
  	
  digi>ze	
  the	
  signals	
  	
  

LaBr/LaCl	
  

LaBr	
  3”x	
  2”	
  

CsI(Tl)	
  +	
  LAPD	
  

Hybrid	
  Analogue	
  –	
  Digital	
  readout	
  

CEPA4	
  



ΔELaBr3	
  vs	
  	
  ETot	
  

tail	
  vs	
  total	
  

Energy	
  above	
  punch	
  through	
  measured	
  
for	
  the	
  first	
  /me!!	
  

LaBr	
  
LaCl	
  Pulse Shape 

Analysis 
LaBr/LaCl Phoswich 



WP1a  New Scintillator Materials  
In	
  the	
  last	
  10-­‐15	
  years	
  a	
  large	
  number	
  of	
  new	
  high	
  light-­‐yield	
  scin/llator	
  crystals	
  have	
  been	
  discovered:	
  	
  
Lanthanum	
  Halides	
  LaBr3:Ce and  LaCl3:Ce, were	
  already	
  the	
  target	
  of	
  an	
  intense	
  R&D	
  ac/vity	
  within	
  
the	
  JRA	
  ENSAR-­‐INDESYS	
  project	
  and	
  the	
  NuPNet	
  GANAS	
  project.	
  à	
  PARIS,	
  CALIFA	
  

•  Large	
  number	
  of	
  brand	
  new	
  scin/llator	
  materials:	
  
–  Recently	
  available	
   	
   	
   	
   	
   	
  	
  CeBr3,	
  SrI2,	
  CLICK	
  	
  	
  
–  near	
  future	
   	
   	
   	
   	
   	
   	
  	
  GYGAG,	
  CLLB,	
  and	
  CLLC.	
  

unique features, which should be accurately tested for the development of the future 
gamma ray detectors.  

•  CeBr3,	
  	
  energy	
  resolu>on	
  slightly	
  worse	
  than	
  that	
  of	
  LaBr3:Ce	
  but	
  exhibit	
  no	
  internal	
  radia>on,	
  	
  
•  SrI2	
  crystals	
  have	
  beher	
  energy	
  resolu>on	
  than	
  LaBr3	
  (2.7%	
  at	
  137Cs)	
  they	
  are	
  brighter	
  and	
  more	
  propor>onal	
  even	
  

though	
  they	
  are	
  slow	
  and	
  they	
  suffer	
  from	
  strong	
  self	
  absorp>on,	
  the	
  	
  
•  CLICK	
  crystal	
  have	
  an	
  energy	
  resolu>on	
  of	
  4%	
  at	
  661	
  keV	
  but	
  have	
  high	
  cross	
  sec>on	
  for	
  neutrons	
  and	
  PSA	
  

techniques	
  can	
  easily	
  iden>fy	
  gamma,	
  slow	
  and	
  fast	
  neutron	
  events	
  and	
  measure	
  the	
  neutron	
  kine>c	
  energy.	
  	
  
•  GYGAG	
  detector,	
  which	
  is	
  a	
  ceramic material and	
  there	
  are	
  new	
  organic	
  plas>c	
  scin>llators	
  are	
  expected	
  to	
  

have	
  an	
  energy	
  resolu>on	
  comparable	
  to	
  that	
  of	
  LaBr3:Ce.	
  
	
  
All these brand new scintillator materials need an intense R&D activity to be fully 
understood and characterized.  
à  scintillation light ranging  [yellow --  blue]   
à  need new high performing photo-sensor (SDD, SiPM, SBA-UBA-PMT.. )  
à  new optimized electronic must be developed.	
  	
  

These	
  high	
  light-­‐yield	
  materials	
  could	
  also	
  provide	
  good	
  posi/on	
  sensi/vity	
  within	
  con/nuous	
  crystals	
  that	
  
could	
  be	
  used	
  to	
  tackle	
  the	
  Doppler	
  Broadening	
  effect	
  in	
  basic	
  research	
  and	
  be	
  useful	
  in	
  several	
  applica/on	
  as	
  
for	
  example	
  in	
  the	
  fields	
  of	
  homeland	
  security,	
  medical-­‐imaging	
  or	
  radiotherapy	
  dosimetry	
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Material characterization 
New	
  Scin>llator	
  materials	
  have	
  been	
  tested	
  with	
  gamma	
  rays	
  up	
  to	
  22	
  MeV	
  during	
  the	
  in-­‐beam	
  
tes>ng	
  of	
  cluster	
  for	
  the	
  PARIS	
  detector	
  demonstrator,	
  at	
  the	
  end	
  of	
  May	
  2013	
  @	
  IPNO	
  tandem	
  

Real	
  alterna>ves	
  to	
  LaBr3:Ce	
  
for	
  nuclear	
  physics	
  applica>ons	
  	
  

Energy	
  spectrum	
  from	
  a	
  137Cs	
  and	
  60Co	
  Source	
  

Fast	
  rise	
  /me	
  (for	
  gamma)	
  
-­‐	
  Few	
  ns	
  (using	
  quartz	
  
window	
  PMT)	
  

Good	
  energy	
  resolu/on	
  	
  
-­‐	
  FWHM	
  <	
  5%	
  at	
  661	
  keV	
  

High	
  sensi/vity	
  on	
  thermal	
  
neutrons	
  	
  

-­‐ 	
  6Li	
  enrichment	
  is	
  
possible	
  

High	
  sensi/vity	
  on	
  fast	
  
neutrons	
  
35Cl	
  +	
  n	
  ⇒	
  35S	
  +	
  p	
  
cross	
  sec/ons	
  ≈	
  200	
  mb	
  

CLYC:Ce	
  



WP1b  Secondary Electron Emission 
Nanomaterials and Radiation Detectors  

Estimated upper limit for the Doppler  
shift due to energy+angular straggling 
E=10 MeV/u L=1.5 m 
v Scintillator, 100 micron           dEγ / Eγ = 0.02 
 
v  Diamond, 40 micron, no energy loss information     dEγ / Eγ = 0.05 
 
v  Secondary Electron Detectors, 150 ps time resolution   dEγ / Eγ = 0.0075 
 
v  Si, 40 micron, 100ps time resolution, energy loss added back  dEγ / Eγ = 0.007 

Present Status 
Energy spread after 
slowing down to  
10 MeV/u is 8 MeV/u. 
On the limit, need R&D 

Slowed down beams projects @ FRS 



WP2 – Signal Processing 
During	
  the	
  development	
  of	
  new	
  Phoswich	
  detectors	
  the	
  most	
  promising	
  results	
  had	
  been	
  achieved	
  
using	
  scin/llator	
  combina/ons	
  with	
  the	
  High	
  Resolu/on	
  Material	
  LaBr	
  suggested	
  for	
  a	
  series	
  of	
  new	
  
instruments	
  like	
  PARIS,	
  CALIFA	
  and	
  SHOGUN.	
  
	
  
•  Fully digital data acquisition systems à	
  provide	
  the	
  best	
  separa>on	
  of	
  Phoswich	
  

signals	
  and	
  best	
  energy	
  resolu>on	
  especially	
  for	
  charged	
  par>cles	
  passing	
  through	
  the	
  material	
  
layers.	
  

•  Due	
  to	
  the	
  fast	
  emission	
  of	
  LaBr	
  the	
  only	
  way	
  to	
  reduce	
  the	
  amount	
  of	
  data	
  is	
  a	
  digital pre-
processing of the data already in the frontend.	
  Commercial	
  systems	
  on	
  the	
  market	
  
do	
  neither	
  provide	
  the	
  needed	
  firmware	
  nor	
  sufficient	
  access	
  to	
  the	
  Hardware	
  resources	
  to	
  allow	
  
for	
  a	
  fast	
  and	
  effec>ve	
  development.	
  

•  Algorithms	
  now	
  developed	
  in	
  the	
  Framework	
  of	
  the	
  GANAS	
  &	
  PARIS	
  Projects	
  have	
  to	
  be	
  
adapted	
  to	
  higher clock frequencies and to run in real time.	
  

•  New algorithms à	
  developed	
  first	
  on	
  the	
  CPU	
  based	
  plalorms	
  à	
  transformed to run 
on FPGA  

•  Data reduction	
  à	
  down	
  to	
  the	
  essen>al	
  numbers	
  the	
  user	
  needs	
  for	
  calibra>ons,	
  and	
  data	
  
analysis.	
  Essen>ally	
  the	
  ideal	
  digi>zers	
  should	
  behave	
  like	
  a	
  MCA	
  with	
  addi>onal	
  features	
  like	
  
trigger	
  handling	
  data	
  monitoring	
  and	
  data	
  checking	
  (/me	
  and	
  loca/on	
  stamp).	
  

à	
  This	
  would	
  allow	
  for	
  a	
  variable	
  scaling	
  in	
  such	
  system	
  useful	
  in	
  small	
  lab	
  applica/ons	
  as	
  well	
  as	
  in	
  
large-­‐scale	
  detector	
  arrays	
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Digitized Pulse handling 
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1)  Wavelets	
  for	
  noise	
  reduc>on	
  
2)  Base	
  line	
  subtrac>on	
  using	
  neighbouring	
  channels	
  
3)  Correla>on	
  pahern	
  recogni>on	
  à	
  Decomposi>on	
  of	
  traces	
  	
  LaBr3	
  /	
  LaCl3	
  part	
  
4)  Data	
  reduc>on	
  

Wavelets	
  for	
  noise	
  reduc/on	
  
	
  

Base	
  line	
  subtrac/on	
  using	
  neighbouring	
  channels	
  
	
  

Correla/on	
  palern	
  recogni/on	
  	
   Data	
  reduc/on	
  	
  

à	
  	
  Input	
  to	
  Geant	
  4	
  simula>on	
  



RPID — A new digital particle identification 
algorithm for CsI(Tl) scintillators 	
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Town meeting- Warsaw – 18 June   

WP3 - Hybrid Array:  GAGG +CsI(Tl) + APD +  
Low interaction material housing 

First samples ordered to Furukawa CO 
Tests coupled with LAAPDs 
Eventual extension to other photosensors 
 
 

Test of new materials Ce:GAGG 

Idea: Mount as Phoswich detector with CsI(Tl)  & coupled to LAAPD 

û  Construction of medium size arrays 
û  Test with high energy gamma (ELI) and proton (Krakov) 
û  Prototype evaluation 



WP4: Towards applications 
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Noise	
  reduc>on	
  by	
  	
  
Coincidence	
  between	
  2	
  sensors	
  

With	
  and	
  without	
  
Magne>c	
  field	
  



Medical Applications Planned	
  test	
  run	
  in	
  Sept.	
  2013	
  

Figs.	
  from	
  Prof.	
  Joseph	
  Remillieux	
  	
  

-­‐  Hadrontherapy:	
  the	
  detec>on	
  of	
  nuclear	
  reac>on	
  
products	
  (e.g.	
  protons	
  and	
  γ-­‐rays)	
  resul>ng	
  from	
  
the	
   interac>on	
   of	
   a	
   12C	
   beam	
   with	
   the	
   >ssue	
  
provides	
   relevant	
   informa>on	
   that	
   can	
   be	
   used	
  
for	
  the	
  verifica>on	
  of	
  the	
  delivered	
  dose.	
  

	
  
-­‐  CEPA4:	
   good	
   energy	
   resolu>on	
   for	
   γ-­‐rays	
   and	
  

protons	
   produced	
   in	
   the	
   hadron-­‐therapy	
   with,	
  
for	
  instance,	
  12C	
  ions	
  at	
  several	
  100’s	
  MeV/u.	
  	
  

-­‐  DSSD	
   in	
   front	
   of	
   CEPA4:	
   allows	
   for	
   the	
  
determina>on	
  of	
   the	
   angular	
  distribu>on	
  of	
   the	
  
protons.	
  

-­‐  Applica>ons	
   in	
   dosimetry	
   using	
   the	
   spa>al	
  
distribu>on	
  and	
  energy	
  spectrum	
  of	
  protons	
  and	
  
γ-­‐rays.	
  Verifica>on	
  of	
  physical	
  models	
  used	
  in	
  MC	
  
simula>ons	
   for	
   hadrontherapy	
   (GATE).	
   To	
   be	
  
used	
  at	
  HIT	
  (Heidelberg)	
  in	
  the	
  near	
  future.	
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WP1a	
  –	
  Phoswich	
   	
  	
  	


Material	
  Characteriza/on	


•  Treatment	
  
•  Test	
  set-­‐up	
  
•  Op>cal	
  absorp>on/emission	
  

spectra	
  
Sensor	
  –	
  combina/ons	


•  SiPM	
  (>me)	
  combined	
  	
  APD	
  

(energy)	
  	
  
•  CCDD	
  posi>on	
  sensi>vity	
  
•  Gain	
  stabiliza>on	
  
System	
  integra/on	



WP1b	
  –	
  SEE 	
   	
  	
  	


CVD	
  –	
  diamond	
  &	
  Nano	
  materials	


•  Time	
  resolu>on	
  
•  Posi>on	
  resolu>on	
  
à	
  Energy	
  loss	
  detectors	
  for	
  low	
  
energy	
  beams	



WP2	
  –	
  Signal	
  Processing 	
   	
  	
  	


Electronics	


•  Fast	
  scin>llators	
  
•  10x	
  more	
  data	
  	
  	
  	
  	
   	
  à	
  Dead>me	
  free	
  
•  Combining	
  different	
  Light	
  output	
  
•  Front	
  end	
  integra>on	
  
•  Table	
  top	
  
Process-­‐	
  handling	


•  Data	
  reduc>on	
  
•  p,	
  γ,	
  n,	
  separa>on	
  
•  Isotope	
  iden>fica>on	
  

WP3	
  -­‐	
  Hybrid	
  Array 	
   	
  	
  	


•  Merging	
  of	
  PW	
  prototypes	
  
•  Different	
  segmenta>ons	
  
•  Tracking	
  clustering	
  
•  Evalua>on	
  of	
  PW	
  
•  Analysis	
  of	
  Array	
  
•  Parallel	
  processing	
  
•  Test	
  experiments	
  ELI,	
  Krakow,	
  

Warsaw	
  

WP4	
  –	
  Applica/ons	
   	
  	
  	


•  Reactor	
  neutrons	
  
•  Neutrino	
  spectrum	
  from	
  reactors	
  
•  Cosmic	
  par>cle	
  in	
  space	
  
•  Home	
  land	
  security	
  
•  Biological	
  imaging	
  	
  

Summary	
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  has	
  the	
  
Know-­‐How,	
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  make	
  this	
  R&D	
  successful	
  	
  


