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introducIon	
  

•  about	
  BESIII-­‐CPS	
  project	
  
–  R&D	
  for	
  upgrading	
  inner	
  layers	
  of	
  BESIII	
  Main	
  DriO	
  
Chamber	
  with	
  CPS	
  (CMOS	
  Pixel	
  Sensors)	
  

–  aimed	
  to	
  build	
  a	
  prototype	
  of	
  1/10	
  coverage	
  
–  obtained	
  NSFC	
  support:	
  2.8	
  MRMB,	
  2013	
  –	
  2016	
  

•  the	
  collaboraIon	
  
–  IHEP,	
  Beijing:	
  OUYANG	
  Qun,	
  JIANG	
  Xiaoshan,	
  DONG	
  
Mingyi,	
  QIN	
  Zhonghua,	
  MA	
  Xiaoyan,	
  ZHANG	
  Hongyu,	
  
WU	
  Linghui	
  et	
  al.	
  

–  SDU,	
  Jinan:	
  WANG	
  Meng,	
  ZHANG	
  Liang,	
  LIU	
  Qingyun	
  
–  IPHC,	
  Strasbourg:	
  Marc	
  WINTER,	
  ChrisIne	
  HU	
  et	
  al.	
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collaboraIon	
  acIviIes	
  
•  regular	
  group	
  meeIng	
  between	
  IHEP	
  and	
  SDU	
  
•  monthly	
  teleconference	
  between	
  IPHC	
  and	
  IHEP	
  
•  visits	
  
–  Apr.	
  and	
  Oct.,	
  Marc	
  and	
  ChrisIne	
  visited	
  China	
  twice	
  
–  Oct,	
  Meng	
  visited	
  Strasbourg	
  
–  Dec,	
  DONG	
  Mingyi	
  and	
  QIN	
  Zhonghua	
  met	
  Leo	
  and	
  
ChrisIne	
  at	
  CCUN	
  to	
  discuss	
  visiIng	
  STAR-­‐PXL	
  group	
  at	
  
Berkeley	
  

•  20th	
  Dec	
  2013,	
  a	
  dedicated	
  workshop	
  at	
  SDU	
  to	
  discuss	
  
the	
  project’s	
  plan	
  and	
  schedule	
  

•  this	
  month,	
  4	
  people	
  will	
  visit	
  Berkeley	
  to	
  learn	
  chip	
  
test,	
  ladder	
  construcIon,	
  mechanical	
  design,	
  etc	
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BESIII	
  inner	
  tracking	
  requirements	
  
•  coverage:	
  3	
  layers,	
  1/10	
  ~	
  800	
  m2	
  

•  spaIal	
  resoluIon:	
  ~100	
  μm	
  
•  counIng	
  rate:	
  ~104	
  Hz/cm2	
  

•  material	
  budget:	
  <	
  0.5%	
  X0/layer	
  (<	
  1.5%	
  X0	
  all	
  layers)	
  
•  power	
  consumpIon:	
  0.2	
  –	
  0.3	
  W/cm2	
  

•  room	
  temperature	
  operaIon	
  

pixel sensor ladder 

prototype of 1/10 coverage 



1st	
  vertex	
  detector	
  using	
  CPS	
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CPS	
  for	
  future	
  large	
  area	
  tracking	
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33	
  ×	
  66	
  μm2	
  pixels:	
  SNR	
  &	
  εdet	
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33	
  ×	
  66	
  μm2	
  pixels:	
  spaIal	
  resoluIon	
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CPS	
  FOR	
  BESIII	
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prototype 

•  new	
  layout	
  
– 3	
  single-­‐sided	
  layers	
  
– φ	
  direcIon:	
  2	
  ,	
  3	
  and	
  4	
  ladders	
  for	
  the	
  1st,	
  2nd	
  and	
  
3rd	
  layer	
  respecIvely	
  

–  	
  Z	
  direcIon:	
  2	
  sets	
  of	
  ladders	
  each	
  layer	
  	
  
– 20	
  chips	
  with	
  dimension	
  of	
  2cm×2cm	
  in	
  each	
  
ladder	
  



electronics	
  –	
  system	
  scheme	
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electronics	
  –	
  progress	
  
•  design	
  of	
  front-­‐end	
  (10	
  chips	
  per	
  board)	
  

–  design	
  of	
  the	
  SchemaIc	
  has	
  been	
  finished	
  
–  discussed	
  with	
  PCB	
  factory	
  è	
  producIon	
  of	
  Pi	
  with	
  the	
  
Aluminum	
  line	
  is	
  possible	
  

•  DRM	
  (Data	
  Read	
  Module)	
  
–  The	
  VME	
  version	
  is	
  finished	
  
–  The	
  mTCA	
  version	
  is	
  in	
  developing	
  

•  Power	
  Control	
  Module	
  
–  in	
  developing	
  

•  HDM	
  (High	
  performance	
  Data	
  Procedure	
  Module)	
  
–  The	
  VME	
  version	
  is	
  finished	
  
–  The	
  mTCA	
  version	
  is	
  in	
  developing	
  

•  PCIe	
  Card	
  
–  The	
  PCIe	
  OpIcal	
  Fiber	
  Card	
  is	
  finished	
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simulaIon 
•  A	
  full	
  simulaIon	
  package	
  based	
  on	
  Geant4	
  for	
  CPS	
  is	
  

developed	
  in	
  BESIII	
  offline	
  soOware	
  system.	
  
•  A	
  tracking	
  soOware	
  has	
  been	
  developed.	
  Track	
  finding	
  is	
  

implemented	
  based	
  on	
  combinaIon	
  of	
  CPS	
  track	
  seeds	
  and	
  
MDC	
  track	
  segments.	
  Kalman	
  track	
  fisng	
  is	
  used	
  to	
  provide	
  
accurate	
  track	
  parameters.	
  

•  Preliminary	
  Monte	
  Carlo	
  study	
  shows	
  that	
  both	
  the	
  
momentum	
  resoluIon	
  and	
  vertex	
  resoluIon	
  are	
  significantly	
  
improved.	
  
–  For	
  1	
  GeV	
  muon	
  track,	
  momentum	
  resoluIon	
  is	
  improved	
  to	
  0.46%	
  

from	
  0.53%	
  and	
  vertex	
  resoluIon	
  in	
  z	
  direcIon	
  is	
  improved	
  to	
  0.2mm	
  
from	
  1.6mm.	
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summary	
  &	
  outlook	
  
•  IHEP-­‐SDU-­‐IPHC	
  partnership	
  has	
  been	
  acIve	
  in	
  adapIng	
  
CPS	
  for	
  BESIII	
  inner	
  tracking.	
  

•  The	
  PICSEL	
  group	
  at	
  IPHC	
  has	
  demonstrated	
  that	
  large	
  
pixels	
  can	
  achieve	
  excellent	
  detecIon	
  efficiency	
  (33	
  ×	
  
66	
  μm2)	
  and	
  very	
  good	
  spaIal	
  resoluIon	
  (~7	
  μm	
  for	
  22	
  
×	
  66	
  μm2).	
  

•  Progress	
  has	
  been	
  made	
  in	
  prototype	
  design,	
  
electronics	
  and	
  simulaIon.	
  

	
  
•  milestones	
  in	
  plan	
  
–  2014.12	
  	
  	
  ladder	
  assembly	
  study	
  
–  2015.4	
  	
  	
  	
  	
  first	
  ladder	
  
–  2016.5	
  	
  	
  	
  	
  prototype	
  construcIon	
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