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Crystal Detectors  

  Crystal	  detectors	  have	  been	  used	  in	  many	  HEP	  experiments	  	  	  
–  Crystal	  Ball	  NaI(Tl)	  ECAL	  
–  L3	  BGO	  ECAL	  	  
–  BaBar	  CsI(Tl)	  ECAL	  	  
–  kTeV	  CsI	  ECAL	  	  
–  CMS	  PWO	  ECAL	  	  

–  GLAST	  CsI(Tl)	  ECAL	  
  Crystal	  detectors	  are	  also	  being	  proposed	  for	  new	  experiments:	  HL-‐LHC,	  

Mu2e,	  ORKA,	  ILC,	  EIC,	  ...	  	  	  

  R&D	  Issues:	  	  
–  Excellent	  radiaVon	  hardness	  for	  HL-‐LHC	  
–  Crystal	  detectors	  with	  fast	  response	  Vme	  

–  Crystal	  detectors	  for	  total	  absorpVon	  calorimetry	  (jet	  mass	  reconstrucVon)	  	  
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Radiation Hardness 

  Superb	  radiaVon	  hardness	  is	  required	  for	  the	  HL-‐LHC	  environment.	  	  

  Fast	  Vming	  is	  also	  required	  to	  reduce	  the	  pile-‐up	  effect.	  

  Cerium	  doped	  LSO/LYSO	  are	  being	  considered	  	  

  R&D	  Topics:	  

–  Data	  on	  neutron	  induced	  damage	  in	  scinVllaVon	  crystals	  very	  limited.	  An	  R&D	  
program	  to	  invesVgate	  radiaVon	  damage	  effect	  induced	  by	  gamma-‐rays,	  
charged	  hadrons	  as	  well	  as	  neutrons,	  in	  various	  crystal	  detectors	  is	  needed	  	  

–  LSO/LYSO	  crystals	  are	  relaVve	  expensive;	  Development	  of	  fast	  and	  radiaVon	  
hard	  crystals,	  glass	  and	  ceramics	  detectors	  is	  of	  general	  interest.	  	  	  	  

–  For	  an	  LSO/LYSO	  based	  Shashlik	  ECAL	  radiaVon	  hard	  photo-‐detectors	  as	  well	  
as	  wavelength	  si^ers	  need	  also	  be	  developed.	  	  
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Fast Response Crystals 

  f	  
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Fast Response Crystals 

  R&D	  issues	  for	  crystal	  detectors	  with	  very	  fast	  response	  Vme	  include	  three	  key	  
aspects:	  	  

  The	  slow	  scinVllaVon	  component	  in	  BaF2	  needs	  to	  be	  suppressed	  by	  selecVve	  
doping	  and/or	  selecVve	  readout	  by	  using	  solar	  blind	  photo-‐detector.	  The	  radiaVon	  
harness	  of	  BaF2	  crystals	  needs	  to	  be	  further	  improved.	  

  Development	  of	  novel	  fast	  crystal	  detectors	  with	  sub-‐nanosecond	  decay	  Vme,	  e.g.	  
CuI	  etc.,	  is	  of	  general	  interest.	  

  For	  a	  segmented	  crystal	  calorimeter	  with	  photon	  poinVng	  resoluVon	  R&D	  on	  
detector	  design	  and	  compact	  readout	  devices	  are	  required.	  
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Total Absorption Calorimetry  

  Enables	  obtaining	  very	  good	  hadronic	  energy	  resoluVon.	  Need	  to	  separate	  
Cherenkov	  from	  scinVllaVon	  light	  	  
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Total Absorption Calorimetry  

  R&D	  Topics:	  

–  Development	  of	  cost-‐effecVve	  crystal	  detectors	  is	  crucial	  because	  of	  the	  
unprecedented	  volume	  (70	  to	  100	  m3)	  foreseen	  for	  an	  HHCAL.	  	  

–  The	  material	  must	  be	  dense,	  cost-‐effecVve,	  UV	  transparent	  (for	  effecVve	  
collecVon	  of	  the	  Cherenkov	  light)	  and	  allow	  for	  a	  clear	  discriminaVon	  between	  
the	  Cherenkov	  and	  scinVllaVon	  light.	  	  

–  The	  preferred	  scinVllaVon	  light	  is	  at	  a	  longer	  wavelength,	  and	  not	  necessarily	  
bright	  or	  fast.	  	  
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Recent	  BSO	  crystals	  are	  	  
very	  promising.	  

Also	  studying	  glasses	  



Summary  

  Crystal	  development	  is	  at	  the	  core	  of	  many	  future	  HEP	  (and	  NP)	  
experiments	  	  

  Promise	  is	  that	  they	  can	  really	  extend	  the	  physics	  reach	  	  

  Long-‐term	  development	  plan	  	  
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