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CEPC	  Physics	  Program	   

•  Not	  extremely	  ambiLous	  goal	  for	  CEPC	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Yes	  CEPC+SppC	  !	  )	  
	  	  	  	  	  	  -‐	  	  5	  ab-‐1	  for	  Higgs	  studies	  	  	  	  	   	  @240-‐250	  GeV	  
	  	  	  	  	  	  -‐	  	  1010-‐12	  Z’s 	   	   	   	   	   	  @~	  	  91	  GeV	  

	  -‐	  	  106-‐8	  W’s 	   	   	   	   	   	  @~160	  GeV	  
	  	  	  	  	  	  -‐	  	  …	  
	  
•  But	  rather	  ambiLous	  Lmeline!	  
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Physics	  &	  Detector	  Working	  Group	   

•  Conveners:	  	  Yuanning	  Gao(THU),	  Shan	  Jin(IHEP)	  
•  sub-‐groups	  
–  physics	  analysis	  and	  opLmizaLon:	  	  
	  	  	  Gang	  Li	  (IHEP),Manqi	  Ruan	  (IHEP),	  Dayong	  Wang(PKU)	  
–  vertexing	  and	  silicon	  tracking:	  
	  	  	  	  Qun	  Ouyang(IHEP),	  Meng	  Wang(SDU)	  
– main	  tracking:	  	  
	  	  	  	  Yulan	  Li	  (THU),	  Huirong	  Qi	  (IHEP)	  
–  calorimetry	  and	  muon:	  	  
	  	  	  	  Tao	  Hu	  (IHEP),	  Haijun	  Yang	  (SJTU)	  
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Tasks	  of	  the	  working	  group	  for	  pre-‐CDR	   

•  Explore	  the	  physics	  potenLal:	  thanks	  to	  20+	  years’	  
world-‐wide	  efforts	  from	  ILC	  community	  and	  	  from	  
Fcc-‐ee	  recently.	  	  	  	  	  	  	  	  	  	  	  	  	  

•  Focus	  on	  feasibility	  studies	  
	  -‐	  keep	  in	  mind	  the	  Lmeline	  !	  
	  -‐	  clarify	  performance	  requirements	  
	  -‐	  skeletonize	  a	  baseline	  detector	  design	  
	  -‐	  availability	  of	  technologies	  
	  -‐	  idenLfy	  items	  for	  future	  R&D	  
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Strategy	  for	  the	  detector	  design	   

•  ILC	  detectors,	  especially	  ILD	  as	  a	  reference	  
	  -‐	  state	  of	  art	  detector,	  maximize	  the	  potenLal	  of	  

	  	  	  	  	  	  	  	  the	  (rather	  expensive)	  machine	  
	  -‐	  (hopefully)	  less	  technology	  challenges	  than	  ILD	  
	  -‐	  take	  advantages	  from	  world-‐wide	  studies	  

	  	  	  	   	  -‐	  sharing	  future	  criLcal	  R&D	  with	  ILC	  community	  
	  
•  “The	  detector”	  in	  pre-‐CDR	  has	  similar	  performance	  
as	  ILD,	  	  with	  special	  consideraLons	  
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Performance	  requirements	  of	  ILC	  detectors 

14-‐10-‐9 Y.	  Gao	  	  	  HF2014,	  Beijing,	  China 11 

•  Vertexing   
–  ~1/5 rbeampipe,~1/30 pixel size (wrt LHC)  

•  Tracking 
–  ~1/6 material, ~1/10 resolution (wrt LHC)  

 
•  Jet energy (Higgs self-coupling, W/Z seperation) 

–  ~1/2 resolution (wrt LHC) 

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better	




	  ILD	  Detector	  Design 
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Special	  consideraLons	   

•  Power	  pulsing	  not	  possible:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  more	  cooling	  and/or	  less	  channels?	  
•  L*	  =1.5m	  (cf.	  3.5m	  at	  ILC):	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  challenges	  for	  the	  IR	  design	  
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Gang	  Li’s	  talk	  at	  this	  workshop	  	   
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Vertexing 
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•  Vertexing   
–  ~1/5 rbeampipe,~1/30 pixel size (wrt LHC)  

•  Tracking 
–  ~1/6 material, ~1/10 resolution (wrt LHC)  

 
•  Jet energy (Higgs self-coupling, W/Z separation) 

–  ~1/2 resolution (wrt LHC) 

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better	




14-‐10-‐9 Y.	  Gao	  	  	  HF2014,	  Beijing,	  China 18 

Q.	  Ouyang	  	  20140912 
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Hongbo	  Zhu’s	  talk	  at	  this	  workshop 
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Tracking 
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•  Vertexing   
–  ~1/5 rbeampipe,~1/30 pixel size (wrt LHC)  

•  Tracking 
–  ~1/6 material, ~1/10 resolution (wrt LHC)  

 
•  Jet energy (Higgs self-coupling, W/Z separation) 

–  ~1/2 resolution (wrt LHC) 

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better	




Baseline	  design 
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•  TPC	  as	  the	  main	  tracker	  
	  -‐	  same	  as	  ILD	  
	  -‐	  a	  relaLve	  earlier	  involvement	  in	  LCPC	  collaboraLon	  



Impact	  of	  a	  shorter	  L* 
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•  	  a	  shorter	  TPC?	  
•  	  non-‐uniformity	  of	  the	  B-‐field	  due	  to	  QD0?	  



SimulaLon	  studies 
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Impact	  of	  a	  short	  TPC 
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Impact	  of	  a	  thin	  TPC 
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SimulaLon	  studies	  -‐	  	  summary 
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•  TPC	  as	  the	  main	  tracker	  fulfill	  the	  performance	  requirements	  

•  	  Challenge	  due	  to	  short	  L*	  
	  	  	  	  	  	  -‐	  Half_Z	  ≥	  2m	  is	  necessary	  	  =>	  QD0	  fully	  inside	  TPC	  
	  	  	  	  	  	  -‐	  B-‐field	  non-‐uniformity	  not	  a	  big	  issue	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  if	  an	  accurate	  B-‐field	  map	  is	  given	  	  
	  
•  Prepare	  another	  opLon	  for	  the	  main	  tracker?	  

�B(x)/B(x) < 10�4



Calorimeters 
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•  Vertexing   
–  ~1/5 rbeampipe,~1/30 pixel size (wrt LHC)  

•  Tracking 
–  ~1/6 material, ~1/10 resolution (wrt LHC)  

 
•  Jet energy (Higgs self-coupling, W/Z separation) 

–  ~1/2 resolution (wrt LHC) 

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better	




Challenge:	  cooling 
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•  ILD	  has	  some	  ~100M	  channels	  
	  	  	  	  	  	  	  	  	  	  	  	  cooling	  	  	  <-‐>	  	  power	  pulsing	  	  
•  However	  	  for	  a	  machine	  with	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  	  	  	  
	  	  	  	  	  	  	  	  	  W/Z	  separaLon	  is	  not	  necessary	  for	  detectors	  at	  CEPC	  
•  Detectors	  at	  CEPC	  
	  	  	  	  +	  acLve	  cooling	  
	  	  	  	  -‐	  	  readout	  channels	  
	  	  	  	  	  	  	  electronics	  with	  even	  lower	  power	  consumpLon	  
•  For	  pre-‐CDR	  
	  	  	  	  -‐	  	  ECAL/HCAL	  same	  as	  ILD	  
	  	  	  	  -‐	  	  explore	  technologies	  for	  cooling	  	  

Emax

cm

< 250GeV
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For	  CEPC 



Ø  A	  scinLllator-‐tungsten	  sandwich	  sampling	  calorimeter	  (ScECAL)	  is	  proposed	  to	  
build	  a	  fine-‐segmented	  calorimeter	  in	  a	  stable,	  robust	  and	  cost	  effecLve	  way.	  	  

Ø  	  A	  super-‐layer	  is	  made	  of	  a	  tungsten	  plate	  (3	  mm	  thick),	  scinLllator	  strips	  (2	  mm	  
thick),	  and	  a	  readout/service	  layer	  (2	  mm	  thick).	  The	  thickness	  of	  a	  super-‐layer	  
is	  7	  mm. 

Structure of the ScECAL 

PS and SiPM 

The	  progress	  of	  ScECAL 

Layer	  structure 

From	  ILD	  TDR 

35 

2mmx5mmx5cm 



Energy resolution Vs thickness 

A	   SiPM	   has	   a	   saturaLon	   phenomenon	  
due	   to	   its	   finite	   number	   of	   pixels.	  
According	   to	   the	   ILD	   esLmaLon	  
considering	  	  of	  e+e-‐	  à	  e+e-‐	  events	  at	  √𝑠 
=500   GeV	   ,	   15000-‐18000	   pixel	   SiPM	   is	  
needed.	   What	   about	   CEPC	   ScEcal?	  	  
10000	  pixel? 

Linearity of SiPM  

36 

Ø 25	   layers	   is	   an	   opLmized	  
opLon	  for	  CEPC	  energy,	  it	  is	  a	  
b a l a n c e 	   b e t w e e n	  
performance	  and	  cost.	   

SimulaJon	  result 

 σ/E	  of	  e-‐	  energy 
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Ø  RD51 research WELL-THGEM 
DHCAL; 

Ø  The beam studies showed a single-
THGEM structure operating at a low 
gain (~1×103) can run at 96% efficiency 
with low discharge probability (10-6 or 
lower).  

Ø  The particular configuration tested, 
which can still be optimized, had a total 
thickness of 5.5 mm within the 
requirement of the ILC-DHCAL.  

Discharge	  Probability 
KPiX readout electronics  

THGEM	  DHCAL	  research	  of	  RD51	   

40 



Ø  	  three	  structure	  can	  be	  selected;	  
l  	  Double	  THGEM;	  
l  Single-‐THGEM;	  
l  WELL-‐THGEM;	  

Ø  WELL-‐THGEM	  is	  the-‐best	  selecJon.	  
l  thinner,	  high	  gain,	  lower	  discharge	  

Structure	  of	  THGEM-‐DHCAL 

40cm×40cm	  THGEM 

Structure	  of	  GEM-‐DHCAL 
41 

Including	  electronics 



Gain	  with	  voltage 

Ø Maximum	  gain	  of	  double	  THGEM	  
reach	  to	  2×105(using	  Neon);	  

Ø Long	  Lme	  stability;	  
Ø High	  energy	  resoluLon; 

42 

IHEP&UCAS	  THGEM	  detector	  performance	  study	   

1	  month	  Gain	  Stability	  



16cmX16cm	  THGEM	  detector	  

Ø  Cosmic	  ray	  test，measure	  the	  detecLon	  
efficiency	   of	   16cmX16cm	   THGEM	  
detector;	  

Ø  DetecLon	  efficiency	  reach	  to	  94.2%	  with	  
4mm	  dri�	  gap	  detector.	   

Double	  THGEM	  cosmic	  ray	  test 

THGEM detector experiment 

43 



WELL-‐THGEM	  detector	  Research	  (UCAS,	  GXU) 

Ø A	  WELL-‐THGEM	  detector	  was	  
constructed;	  

Ø Some	  performance	  was	  measured; 

44 
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Luminosity	  measurements 

14-‐9-‐13 The	  Fourth	  InternaLonal	  Workshop	  on	  
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•  Requirements:	  
	  -‐	  luminosity	  measurement	  reaches	  0.1%	  
	  -‐	  online	  luminosity	  monitor	  

	  
Gang	  Li’s	  talk	  at	  this	  workshop	  	   



Summary 
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•  Benchmark	  Physics	  performance	  of	  CEPC	  program	  has	  
been	  studied	  

•  Feasibility	  studies	  for	  a	  detector	  at	  CEPC	  
	  	  	  	  -‐	  ILD-‐like	  design	  
	  	  	  	  -‐	  challenging	  due	  to	  short	  L*,	  but	  acceptable	  
	  	  	  	  -‐	  cooling	  is	  an	  issue	  to	  be	  studied	  in	  future	  R&D	  
	  
•  Pre-‐CDR	  is	  underway	  


