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Introduction 

Nucleon	  spin	  and	  its	  3D	  structure	  and	  tomography.	  
The	  nucleus,	  a	  QCD	  laboratory.	  
Physics	  possibili=es	  at	  the	  intensity	  fron=er.	  
…	  

Physics	  of	  electron-ion	  collision	  (EIC): 

arXiv:	  1212.1701 
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eRHIC 

Add	  a	  polarized	  electron	  beam	  (ERL)	  up	  to	  30	  GeV.	  
Exis=ng	  polarized	  proton	  beam	  up	  to	  250	  GeV.	  
Au/U	  up	  to	  200	  GeV/u.	  
Luminosity	  ~	  1034	  cm-‐2s-‐1.	  

eRHIC	  is	  a	  future	  EIC	  based	  on	  exis=ng	  RHIC. 
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eSTAR 
eSTAR	  is	  an	  upgrade	  for	  EIC	  based	  on	  exis=ng	  STAR	  detector. 
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eSTAR acceptance 

ETOF	  +	  TRD ECal 

Forward	  ECal	  is	  crucial	  to	  extend	  the	  acceptance	  towards	  low	  x	  region.	  
Very	  good	  energy	  resolu=on	  is	  required. 

σ E / E = 2% / E ⊕ 0.75%
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Tungsten Powder Calorimeter 

W	  powder	  SPACAL	  at	  UCLA	  by	  H.	  Huang	  and	  O.	  Tsai	  	  

Test	  the	  limit	  of	  the	  technology	  of	  
W	  powder	  SPACAL	  type	  detector.	  
	  
Applica=on	  of	  SiPM/MPPC	  readout.	  
	  
Achieve	  good	  energy	  resolu=on. 

W	  powder	  SPACAL	  module	  at	  BNL	  by	  C.	  Woody	  	  
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Crystal options 
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Crystal options 

LYSO	  is	  the	  best	  choice	  except	  the	  price	  (~40$/cc).	  
BGO	  is	  good	  but	  slow,	  PWO	  is	  fast	  but	  radia=on	  hardness	  is	  poor.	  
BSO	  is	  in	  between,	  need	  further	  development.	  
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BSO crystal 

2-‐3	  GeV	  electron	  -‐>	  2-‐3%	  energy	  resolu=on.	  Nice	  pi/e	  separa=on	  at	  a	  few	  GeV.	  

Si	  to	  replace	  Ge	  in	  the	  BGO.	  Poten=al	  to	  reduce	  cost.	  
x5	  light	  yield	  output	  of	  PWO-‐II.	  
Radia=on	  hardness	  needs	  more	  study.	  	  

H.	  Shimizu,	  et	  al.,	  NIM	  A550	  (2005)	  258.	  	  
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BSO-ECal R&D at USTC 
BSO	  technology	  is	  far	  from	  mature.	  
	  

Has	  never	  been	  used	  in	  large	  
physics	  experiment	  facility.	  
	  

Rela=ve	  low	  cost	  (similar	  as	  PWO).	  
	  

Nice	  coopera=on	  with	  SICCAS.	  
	  

Involved	  in	  some	  projects,	  e.g.	  	  
Generic	  EIC	  program	  from	  US,	  
HIEPA	  ECal	  R&D	  …	  

!
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Crystal test system 

oscilloscope 
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Progress on the growth 

~100ns	  decay	  =me,	  rela=ve	  fast.	  
LY	  improved	  and	  achieve	  the	  level	  of	  PWO	  at	  -‐25oC.	  
An	  increase	  trend	  can	  be	  seen	  from	  the	  development.	  
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Uniformity 

!
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Radiation test at CalTech 

!From	  R-‐Y.	  Zhu 

q  Does	  rate	  dependence	  	  
	  
q  Both	  EWLT	  and	  LO	  

saturate	  ajer	  long	  =me	  
exposure.	  	  

	  
q  SIC	  1309	  has	  smaller	  

degrada=on.	  
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Very preliminary prototype 

Shipped	  to	  BNL	  in	  Nov.	  2014.	  
Pre-test	  with	  cosmic	  ray	  at	  BNL	  in	  Jan.	  2015.	  
Beam	  test	  at	  FermiLab	  in	  June	  2015.	  
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Readout choice 
Mul=-‐Pixel	  Photon	  Counter	  (MPPC/SiPM)	  
New,	  available	  on	  market	  
High	  gain,	  low	  ENE,	  simple	  electronics 

PHENIX 
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Summary 

EIC	  is	  of	  great	  interest	  for	  future	  nuclear	  physics.	  
	  

Forward	  ECal	  with	  high	  energy	  resolu=on	  is	  crucial	  for	  small-x	  
region.	  
	  

W	  powder	  SPACAL	  is	  designed	  with	  moderate	  cost	  but	  good	  
resolu=on.	  
	  

BSO	  performance	  is	  in	  between	  BGO	  and	  PWO,	  it	  has	  the	  
poten=al	  to	  be	  used	  in	  ECal	  design.	  USTC	  and	  SICCAS	  are	  
working	  together	  for	  the	  BSO	  development.	  
	  

Sorry	  for	  not	  covering	  all	  op=ons:	  PWO+SiPM、Shashlyk	  …	  
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Simulation 

!

!

!

Intrinsic	  energy	  resolu=on	  is	  promising	  
<	  2%	  at	  E	  >	  2	  GeV. 

Posi=on	  resolu=on	  <	  2	  mm	  at	  E	  >	  2	  GeV. 

!

electron 
pion	  
proton 

Powerful	  e/h	  separa=on	  
for	  forward	  region. 



!!
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Introduction: Proton spin puzzle 
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Where	  the	  proton	  spin	  come	  from?	  
How	  does	  gluon	  contribute	  to	  the	  proton	  spin?	  
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Where	  the	  proton	  spin	  come	  from?	  
How	  does	  gluon	  contribute	  to	  the	  proton	  spin?	  
What	  the	  precision	  can	  EIC	  achieve?	  
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Introduction: Parton motion in the nucleon 
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How	  do	  partons	  move	  inside	  the	  nucleon?	  
EIC	  will	  broaden	  our	  knowledge	  about	  the	  PDFs,	  TMD,	  GPD,	  etc…	  
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Requirements for crystals 
Scin=lla=ng	  crystal	  detectors	  have	  been	  widely	  used	  in	  par=cle	  physics	  
experiments.	  

High	  light	  yield	  output	  for	  high	  energy	  resolu=on	  (~	  few	  percent).	  
Rela=vely	  fast,	  short	  integra=on/shaping	  =me.	  
Good	  resistance	  to	  radia=on	  damage.	  	  
Cost	  saving.	  

Iden=fy	  electron	  and	  photon	  
Measure	  energy/posi=on(angle)	  
	  Electron/photon	  trigger	  

Requirements:	  


