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CEPC Physics & Detector Sessions 

  Three parallel sessions: 16 talks 

  Two joint sessions:  

o Theory + Simulation  

o Detector + Accelerator 
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Outline 

 CEPC Physics Motivation 

 CEPC Conceptual Detector Design 
  MDI  

  Vertex  

  Tracker  

  ECAL  

  HCAL 

  Muon 

  Magnet  

 Summary 
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CEPC-SPPC 
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Phase 1: e+e- Higgs (Z) factory      two detectors, 1M ZH events in ~10yrs          

                    Circular Electron Positron Collider (CEPC) 
                Ecm240GeV, luminosity ~21034 cm-2s-1 can also rum at the Z-pole 
                Precision measurement of the Higgs boson (and the Z boson) 
 

Phase 2: a discovery machine; pp collision with Ecm  50-100 TeV; ep, HI options 

                      Super proton-proton Collider (SppC) 
e+e-  ZH 



Higgs @ CEPC 

 Precise measurements of the Higgs properties as a Higgs Factory (similar 

to ILC@250 GeV) 

 Mass, CP, cross section, BR, width, couplings, etc. → percentage accuracy 
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Status of Higgs Analysis 

 Precision measurements at full simulation level. 
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M.Q. Ruan, G. Li, Y.Q. Fang et.al. 



Detector Simulation & Optimization 

 To develop general 
lepton ID for 
calorimeter with 
high granularity 
(LICH) – Dan Yu et.al 
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Model Independent Meas. of Br(HBSM) 
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Physics Interest of Italy Group for FC  
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Patrizia Azzi (INFN, Padova) 
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Requirements for CEPC Detector Design 

Critical Physics Benchmarks for Detectors design. 
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CEPC preCDR, http://cepc.ihep.ac.cn/preCDR/volume.html 



CEPC Machine Detector Interface (MDI) 

 Short focal length (L*=1.5m, cf. ~3.5m at ILC), to allow realization 
of high luminosity. 

 Final focusing magnets inside the detector  constraint on the 
detector design and QD0/QF1 + LumiCal designs 

Comprehensive understanding and optimization of both detector 
and collider performance  are needed in future studies 

Final focusing magnets, QD0 and 
QD1, inside the CEPC detector 
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Hongbo Zhu et.al. @ IHEP 



CEPC Vertex and Silicon Tracker 

2016/09/03 CEPC Physics & Detector   -   H. Yang @ SJTU 13 

Ouyang Qun, M. Wang et.al. 
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Performance requirements 
with 3.5 T field  

Goal: to develop fine pitch, 
Low power, fast pixel sensor 
+ light structure 
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CEPC Vertex and Silicon Tracker R&D 
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Full Silicon Tracker Concept for CEPC 
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Pixels and Short Strips 
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Next Si-tracking systems 



CEPC TPC Tracker: Design Goals 

Same as Main performance/ Design goals of  ILD-TPC 
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CEPC-TPC R&D 
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Huirong Qi et.al. 



TPC Performance Comparison 
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Huirong Qi @ IHEP 
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Drift Chamber with PID capability 

2016/09/03 CEPC Physics & Detector   -   H. Yang @ SJTU 22 



Global R&D of Imaging Calorimeters 

https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers 

Readout cell size: 144 - 9 cm2  4.5 cm2   1 cm2  0.25 cm2  0.13 cm2   2.5x10-5 cm2 

Technology: 
Scintillator + 

SiPM/MPPC 

Gas detectors 

Silicon 

Silicon Silicon (MAPS) Scintillator + 

SiPM/MPPC 

Silicon 
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CEPC ECAL: Silicon-W 

o The ECAL consists of a cylindrical barrel system and two large end caps. 
o One Barrel: 5 octagonal wheels 
o Two Endcaps: 4 quarters each  

o Two detector active sensors interleaved with tungsten absorber 
o silicon pixel 5 x 5 mm2 with 725 m in thickness  
o PCB with VFE ASIC 
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V. Boudry @ IN2P3 



Active Cooling System 
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 CEPC is designed to operate at continuous mode with beam crossing 
rate: 2.8105 Hz. Power pulsing will not work at CEPC. 

 Compare to ILD, the power consumption of VFE readout electronics  
at CEPC is about two orders of magnitude higher, hence it requires an 
active cooling 

o Evaporative CO2 cooling in thin pipes embedded  in Copper exchange plate. 

o For CMS-HGCAL design: heat extraction of 33 mW/cm2, allows operation 
with 6  6 mm2 pixels with a safety margin of 2 

 Transverse view of the slab with 

one absorber and two active layers. 

 

 The silicon sensors are glued 

to PCB with VFE chips, cooled by the 

copper plates with CO2 cooling pipes. 



High Granularity ECAL Calibration 
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Stathes Paganis @ NTU 

  Various methods give similar 
resolution and good linearity. 



CEPC ECAL: Scintillator-W 

A super-layer (7mm) is made of:  
o Plastic scintillator (2mm) + Tungsten plate as absorber (3mm thick) 
o A readout/service layer (2mm thick) 

 The energy resolution of 25GeV electron is about 3.3%  (cf. CALICE TB results) 
 To achieve required energy resolution, the number of layers should be  25.  
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Scintillator + W + Scintillator 

Y.L. Zhang, Z.G. Wang et.al. 



Tests of SiPM at IHEP 

2016/09/03 CEPC Physics & Detector   -   H. Yang @ SJTU 28 

The SiPM dynamic range is determined by the 
number of pixels.   
The manufactures have developed the SiPM with 
10um pixel which extends the SiPM dynamic range. 

But, the photon detection efficiency of 10um 
SiPM is only 1/3 of 25um SiPM. 

Scintillator strip irradiated with β 
collimated (1mm)  from Sr-90 



Tests of SiPM (IHEP, USTC) 
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SiPM pe spectrum  

pulse height spectrum. 
Excellent photon counting  

Cross talk rate = Events (> 1.5p.e)/Events (>0.5p.e) 



Sci-Strip Optimization and LED Calib. 
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With normal design, the signal is 
not uniform with peak response 
for hits near SiPM. What’s more, 
the dead gap between strips is 
large due to SiPM installation. 

Need MC simulation and experimental tests 
to  optimize the strip structure design. 

Z.G. Wang, Y.L. Zhang et.al. 
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The HCAL consists of  

 a cylindrical barrel system:  
12 modules 

 two endcaps: 4 quarters 

Absorber: Stainless steel 

 

 Active sensor  
 Glass RPC 

 Thick GEM or GEM 

 Readout ( 11 cm2 ) 
  Digital ( 1 threshold) 

  Semi-digital (3 thresholds) 

CEPC HCAL R&D 



32 

Assembling procedure 

6mm(active area) + 5mm(steel) =  

11 mm thickness 

PCB support (polycarbonate) 

PCB (1.2mm)+ASICs(1.7 mm) 

Mylar layer (50μ) 

Readout ASIC 
(Hardroc2, 1.6mm) 

PCB interconnect 

Readout pads 
(1cm x 1cm) 

Mylar (175μ) 

Glass fiber frame (≈1.2mm) 

Cathode glass (1.1mm) 
+ resistive coating 

Anode glass (0.7mm) 
+ resistive coating 

Ceramic ball spacer (1.2mm) 

Gas gap 

Large GRPC R&D 

 Negligible dead zone  

    (tiny ceramic spacers) 

 Large size: 1  1 m2 

 Cost effective  

 Efficient gas distribution system 

 Homogenous resistive coating 

RPC Construction & Performance Study 
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Ran Han (BISEE) Haijun Yang (SJTU) 
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80 GeV Pion 

Yi Wang (THU) 
Imad Laktineh (IPNL) 
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Yi Wang (THU) 
Imad Laktineh (IPNL) 
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Muon System with MPGD 
Paolo Giacomelli (INFN, Bologna) 



Consideration of RICH Det. for CEPC 
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CEPC Magnet Design 

Based on CEPC detector, a 3.5T 
central field of superconducting 
solenoid (similar to CMS design) 
is required in a warm aperture 
diameter of 6m and length of 
8.05m. 
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Progress of  field design 

Magnetic field distribution(unit：T) 

Magnetic field distribution：
central filed 3.5T，the Peak-
peak field percent deviation of 
TV is 10.1% 

Stray field distribution outside the magnet  

(the field is given in T) 

The 50 G line is at 14.8 m radial 

distance and 17.2 m axial distance with 

a total thickness of iron of 2.44 m both 

in the barrel and the two end-caps with 

the 3.5 T central field. 

Feipeng Ning 



No of strands ：17 

Strand  R: 0.727mm 

Materiel :Nb/Ti  

Complete:2015.7 

No. of strands：20 

Strand R.：1.0mm 

Materiel: Copper 

Complete:2015.5 

No of strands ：24 

Strand  R ：0.727mm 

Materiel :Nb/Ti  

Complete:2015.8 

Progress of the Rutherford cable 

Number of strands ：18 

Strand diameter ：1.2mm 

Materiel :Nb/Ti  

Complete time:2016.2 

Number of strands ：
32 

Strand diameter ：
1.2mm 

Materiel :Nb/Ti  

Tangle：17.32 

Length：》100m 

RRR： 》100 

Complete 

time:2016.5 

Ling Zhao 

Number of strands ：32 

Strand diameter ：1.2mm 

Materiel :COPPER+Al 

Length：1m 

Complete time:2016.8 

Shear strength（copper &Al）：8.85MPa 

Cable research has 
made great progress! 
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Summary and Future Plans 

In the past 2-3 years, tremendous efforts have been 
made to prepare  the CEPC preliminary Conceptual 
Design Report for Physics and Detector.  

Future plans include  
o With MOST funding support (RMB 36M) and NSFC 

support, we are speeding up R&D of critical detector 
technologies and optimization. 

o MDI: work with accelerator group to optimize design 

o Feasibility studies of detector prototypes. 

o International collaboration are needed 

o Aiming for CEPC CDR and TDR in next 5 years. 
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Many thanks to all members of  

CEPC Physics and Detector working group 
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 Physics and Detector Group Co-conveners 

   Yuanning Gao (THU), Shan Jin (IHEP), Nu Xu (CCNU) 

 Sub-groups and co-conveners 
 Physics simulation and analysis: 

Gang Li, Manqi Ruan, Yaquan Fang (IHEP) 
 MDI: Hongbo Zhu (IHEP), Yiwei Wang (IHEP) 
 Vertex: Qun Ouyang (IHEP), Meng Wang (SDU) 
 TPC tracker: Yulan Li (THU), Huirong Qi (IHEP) 
 ECAL and HCAL :  

Tao Hu (IHEP), Jianbei Liu (USTC), Haijun Yang (SJTU) 
 Muon: Boxiang Yu (IHEP), Liang Li (SJTU) 
 Magnet: Ling Zhao (IHEP) 



Backup Slides 
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Simulation & Reconstruction Software 

● Geant 4 Full Detector Simulation: 
– Geometry can be edited freely (Y. Xu, NKU & X. Chen, SJTU) 

– A set of geometries has been generated 

● Reconstruction Chain 
– Tracking: Clupatra & ILD tracking (B. Li, etc THU) 

– PFA: Arbor (M. Ruan, etc, IHEP) 

– Flavor Tagging: LFCIPlus (G. Li, etc, IHEP) 
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MC Samples & Computing Resources 

Using WHIZARD to generate Higgs 
signal and SM background samples 
(Gang Li, Xin Mo) 

T. Yan @ IHEP 

● Computing: ~780 CPU cores 

● Storage: 2 – 3 PB storage 

● Distributed computing needed 
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Team Building & Trainings 

Continuous efforts + 
dedicated training 

 
We have a group of 
faculty + students... 
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PFA and Imaging Calorimeter 
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CEPC MDI: Luminosity Measurement 

 Luminosity measurement with the dedicated device, LumiCal, 
with a target uncertainty of 10-3, as required by precision 
measurements of the Higgs and Z physics. 

 Electromagnetic calorimeter with silicon-tungsten 
sandwich structure, to measure radiative Bhabha events 

 ΔL/L ~ 2Δθ/θmin  necessary to achieve precise polar angle 
measurement better than Δθ < 0.015 mrad 

 

Online beam luminosity monitor allowing fast beam tuning 

 radiation hard sensor technologies (e.g. CVD diamond), to 
measure radiative Bhabha events at zero photon scattering 
angle  similar design as for the SuperKEKB design 
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Scintillator Strip Shape Optimization 
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SiPM sensor area 1×1 mm2    0.25×4 mm2: 
  to increase photon acceptance  
  It is easy to make this shape of MPPC with current  technology 



Calibration for Scintillator and SiPM 
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LED 

Scintillator 

The ScW ECAL consists of ~8 million channels of scintillator strip units. The stability of 
the light output has to be monitored. A light distribution system is under study to 
monitor possible gain drifts of the SiPMs by monitoring photoelectron peaks. 

LED – Fiber calibration system:  
 - A pulse generator, a chip LED connect to notched fibers 
 - Notched Fiber distribute lights to ~ 80 scintillator strips 



WELL-THGEM Test Beam at IHEP 
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Well-THGEM, Ar/3%iC4H10;   

p 500MeV 

500MeV 

Hongbang Liu @ GXU 



Large-area GEM @ USTC 
GEM assembly using a novel self-stretching technique APV25 GEM readout  INFN APV25 chip 

 Resolution uniformity ~11% 
 Gain uniformity ~16%  
 Can reach gain of 104 at 4000V 

• Large-area GEM (0.5x1m2) is one of main 
detector R&D focuses at USTC recently. 

• Technology has been developed and 
matured to produce high-quality GEM 
detectors as large as ~1m2  that are also 
applicable to CEPC DHCAL.  
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Jianbei Liu (USTC) 



B = 3.5T 

  momentum resolution  

  impact parameter resolution 

Vertex detector specifications: 
• spatial resolution near the IP:  ≤ 3 µm  
• material budget: ≤ 0.15%X 0/layer  
• pixel occupancy: ≤ 1 % 
• Total ionising dose: ≤ 100 krad/ year 
  Non-ionising fluences : ≤3x1011neq/(cm2 yr) 
• first layer located at a radius:  ~1.6 cm 
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Silicon tracker specifications: 
• σSP : ≤ 7 μm → small pitch (50 μm) 
• material budget: ≤ 0.65%X 0/layer 

CEPC Vertex and Silicon Tracker 

Performance requirements  
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Ouyang Qun @ IHEP 



Forward region with L* = 1.5m 
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CEPC Vertex and Silicon Tracker 

Many technologies from ILC/CLIC R&D could be referred.  
BUT, unlike the ILD, the CEPC detector will operate in continuous mode. 

Pixel sensor: power consumption < 50mW/cm2 with air cooling,  readout < 20μs 

  HR-CMOS sensor with a novel readout structure ─ALPIDE for ALICE ITS Upgrade 
 In-pixel discriminator and digital memory based on a current comparator 

 In-column address encoder 

 <50mW/cm2 expected 

 Capable of readout every ~4μs 

  SOI sensor with similar readout structure 

 Fully depleted HR substrate, potential of 15μm pixel size design 

 Full CMOS circuit 

  DEPFET: possible application for inner most vertex layer 

 small material budget, low power consumption in sensitive area 

 

 

Silicon microstrip sensor: p+-on-n technology 
                                              pixelated strip sensors based on CMOS technologies  

2016/09/03 CEPC Physics & Detector   -   H. Yang @ SJTU 58 



CEPC Vertex and Si Tracker: Critical R&D plan 

Pixel sensors with low power consumption and high readout speed 

 In-pixel discriminator 

 In-matrix sparsification 

          Starting design with HR-CMOS process 

          Exploring possibility with SOI process, especially for smaller 
pixel size 

 Light weight mechanical design and cooling 

 0.05%(0.1%) material budget without(with) cabling 

 Air cooling technology with acceptable vibration due to air flow 

Pixel sensor thinning to 50μm 

 Slim edge silicon microstrip sensor 

 Low noise, low power consumption FEE for silicon microstrip  

Similar to ALPIDE sensor for ALICE ITS Upgrade 
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CEPC TPC Conceptual Design 

 Parameter of Simulation 

 TPC, Half Z=2.0m 

 r_in = 329 mm; r_out = 1808 mm 

 Cos(theta) = ~ 0.95 

 pad size: 1mm×6mm 

 Number of hits per track: ~200 

 B = 3.5 Tesla, with L* = 1.5m 

simulation of events 
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Huirong Qi @ IHEP 



Test of a TPC Prototype at THU 

 TPC cylinder length: 50 cm  

 TPC Diameter = 32 cm 

 Readout GEM: 100x100mm2 

 10x32 pads, staggered 
 Pad size: 9.5x1.5mm2 

 Pitch: 10 x 1.6 mm2 


 Spatial resolution as a 
function of drift distance 
(B=1T) 

 Best  performance: 

    x = 100m @Z100mm 
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CEPC TPC: Critical R&D plan  

 Physical design and optimization of  the TPC 

 Length, inner/outer radius, pad size  

 E/B fields and uniformity requirements 

 Working gas, counting rate, ion backflow suppression 

 The time structure of  the beam 

 Sensors: GEM and Micromegas detectors ? 

 

 Critical R&D 

 Large prototype design, construction and assembly 

 Laser calibration and alignment device design, assembly 

 Detector readout options (GEM+Pad, Micromegas+Resistive Pad, 
ThickGEM+Pad ?) 

 Front-end readout electronics and DAQ 

 Cooling system (eg. two-phase CO2 cooling, micro-channel CO2) 
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Tests of SiPM and Strip Optimization 
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SiPM pe spectrum  

pulse height spectrum. 
Excellent photon counting  

Crosstalk rate = Events (> 1.5p.e)/Events (>0.5p.e) 



Scintillator Strip Structure Optimization 
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With normal design, the signal is not uniform with peak 
response for hits near SiPM. What’s more, the dead 
gap between strips is large due to SiPM installation. 

Need MC simulation and experimental tests 
to  optimize the strip structure design. 



Prototypes of DHCAL with RPC 

80 GeV Pion 

Prototypes of DHCAL based on RPC  
o ANL (J. Repond, L. Xia et.al.) 
     1m3, 1 threshold, TB at CERN/Fermilab 

o IPNL (I. Laktineh, R. Han et.al.) 
     1m3, 3 thresholds, TB at CERN 

Multi-muons 
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WELL-THGEM Beam Test at IHEP 

 Detection efficiency of well-THGEM was measured with BEPC pion / proton beams. 

  Efficiency: 

 Ar/iso (97/3) ,Gain ~ 2000; Eff (proton) > 93%; Eff(Pion) > 82% 

 Ne/CH4 (95/5) ,Gain ~ 9000; Eff (proton) > 99%; Eff(Pion) > 94%  

500 MeV 
Proton 

500 MeV 
Pion 



WELL-THGEM Beam Test in Oct., 2015 
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Hongbang Liu, Qian Liu (UCAS) 
 7 THGEMs are installed, and 5 of 

them are used, and flushed with 
Ar/iso-butane = 97:3. 

 1 threshold, binary readout 

 900 MeV proton beam was used  

 5cm x 5cm sensitive region 



Hadron Calorimeter 
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The HCAL consists of  

 a cylindrical barrel system:  
12 modules 

 two endcaps: 4 quarters 

Absorber: Stainless steel 

 

 Active sensor  
 Glass RPC 

 Thick GEM or GEM 

 Readout ( 11 cm2 ) 
  Digital ( 1 threshold) 

  Semi-digital (3 thresholds) 



Assembling procedure 

6mm(active area) + 5mm(steel) =  

11 mm thickness 

4.7 mm 

4
.3

m
m

 

ASICs : HARDROC2 
64 channels 
Trigger less mode 
Memory depth : 127 events 
3 thresholds 
Range: 10 fC-15 pC 
Gain correction  uniformity 

Electronics Readout  System R&D 

Printed Circuit Boards (PCB) were designed 

to reduce the cross-talk with 8-layer structure 

and buried vias. 

 

Tiny connectors were used to connect the 

PCB two by two so the 24X2 ASICs are daisy-

chained. 11m2 has 6 PCBs and 9216 pads. 

 

DAQ board (DIF) was developed to transmit  

fast commands and data to/from ASICs.  
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Imad Laktineh (IPNL) 



Imaging Calorimeters 

Two electrons ~5cm apart 
CALICE SiW ECAL 

~20 muons in 1m2 area 
CALICE RPC DHCAL 

This is exactly what PFA needs: distinguishing individual showers  

within jet environment, in order to get excellent jet energy/mass resolution 
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L. Xia @ ANL 
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 Absorber: 2cm stainless steel 
 Drift gap: 3mm 
 No. of layers: 40, 50 
 Ecell = 1, 5 and 10MIP  if the charge 

is above the thresholds typically 
placed at 0.1, 1.5 and 2.5 MIPs 

Simulation of DHCAL 

1x1cm2-50 Layers-100GeV π+ 
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Boxiang Yu @ IHEP 

 σ/E of p+ 



Imaging calorimeter: Critical R&D 

Detector optimization 
 Optimize of the pad size of calorimeter 
 Optimize the number of layers of calorimeters, help to reduce 

the size of magnets and cost 
 Gas recirculation system, HV distribution system 

Readout Electronics (PCB, low power ASIC FEE) 

Cooling 
 Power pulsing will NOT work at the CEPC, effective cooling and 

power saving strategy need to be developed and tested 

Calibration 
 Energy, position and density calibration etc. 
 Detailed shower measurement gives possibility to use track 

segments (from data itself) to calibrate calorimeter 

Mechanical: self-support and compact module 
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Circular Electron Positron Collider - CEPC 

Discovery of low mass Higgs boson at the LHC (July 4, 2012) 
brings up  an opportunity to investigate circular e+e- collider  
as a viable option for the “Higgs Factory” which is dedicated 
for precision measurement of the Higgs properties with clean 
collision environment. 
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Circular Electron Positron Collider - CEPC 
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The performance of ECAL 
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0.86% 1.76% 1.17% 

PSD:2mm LSO:2mm LSO:1mm 



CEPC Muon System 

Performance requirements 
  nLayer >=8,  iron thickness >= 6λ 
  Eff >=95%, resolution<=2cm 
  Misidentification rate (pi->mu)@40GeV <1% 
The standalone simulation results  show  the number  
of layers and the thickness of iron are reasonable.  

Yuguang Xie @ IHEP 
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Functions of muon system 
o To separate muons from hadrons 
o A tail catcher of HCAL 
o Solenoid return roke & support structure 



PID 
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