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CEPC and Its Beam Timing 

 Fully Partial Double Ring - 100Km*  

Å Circular Electron-Positron Collider (90, 160, 250 GeV) 

Higgs factory (106 Higgs) 

Z & W factory (1010 Z0) 

Å Baseline design in CDR(to be released in 2018) 

Å Bunch spacing  680 ns (25 ns @ Z-pole) 

ï Continuous colliding mode 

ï Power pulsing not applicable 

ï New constraint for the detector development: 

Very low power consumption 

* CEPC Accelerator CDR and R&D towards TDR, J. Gao, Accelerator session on Sat. morning 
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Detector Concept 

Å Two detector concepts 
Å One is ILD-like, which is optimized for 
      - 3 Tesla magnet 
      - L* = 2.2 m 

* Physics performance of the Particle Flow Oriented detector at the CEPC, Manqi  Ruan,  Poster 

Particle Flow Oriented Detector for CEPC* 
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VXD 

SIT 

FTD 

 Baseline Silicon Tracker Layout 

VXD̔  

Å Same layout as the ILD vertex 
Å 3 layers of double-sided pixels 
Å ʎSP=2.8µm, inner most layer 
Å Polar angle ʃ 1ͯ5 degrees 

 

Å  Silicon Internal Tracker (SIT)    н inner layers Si strip detectors 
Å  Forward Tracking Detector (FTDύ  5 disks (2 with pixels and 3 with Si strip sensor) 
                                                 on each side, comparing 7 disks on ILD, due to smaller L* 
Å  Silicon External Tracker (SET)   м outer layer Si strip detector 
Å  End-cap Tracking Detector (ETD)  м end-cap Si strip detector on each side 
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Silicon Tracker Requirements 
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B=3T 

ü momentum resolution 

ü impact parameter resolution 

Vertex specifications: 
Å ̀ SP near the IP:  Җо ҡƳ  
Å material budget: Җ лΦмр҈· 0/layer  
Å pixel occupancy: Җ м ҈ 
Å radiation tolerance:  Ionising dose Җм Mrad/ year 
                                        Non-ionising fluences Җмл12 neq/ (cm2 year) 
Å first layer located at a radius:  ~1.6 cm 

Tracking specifications: 
Å ̀ SP : Җ т ˃Ƴ Ҧ ǎƳŀƭƭ ǇƛǘŎƘ όрл ˃Ƴ) 
Å material budget: Җ лΦср҈· 0/layer 
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Performance Studies ï IP Resolution 
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Z.Wu, C.Fu, et al (IHEP), CDR draft 
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Pixel Sensor Specifications 

ÅCurrent R&D focused on the pixel sensor for the Vertex 

ÅTo achieve S.P. resolution 
ÅDigital pixel with in-pixel discriminator ~ 16um 
ÅAnalog pixel ~ 20um (heavily rely on power pulsing as in the ILC) 

ÅTo lower the material budget 
ÅSensor thickness ~ 50um 
ÅHeat load  < 50 mW/cm2 constrained by air cooling 

ÅTo tackle beam-related background 
Å20us/frame? 
Å1Mrad/year & 2¦1012neq/ (cm2

Àyear)? 
 

Physics driven requirements  Running constraints  Sensor specifications 

s̀.p.                                                              Small pixel 

Material budget                           Thinning 

                        Air cooling         low power 

r of Inner most layer        beam-related background       fast readout 

                        radiation damage        radiation tolerance 

2.8um 16um 

50um 0.15% X0/layer 

50mW/cm2 

16mm  20us? 

Җ1 Mrad/ year ? 
Җн³1012neq/ (cm2 year) ? 
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R&D Activities  

ü Two monolithic pixel technologies 
 

ü CMOS pixel sensor (CPS) 
Å TowerJazz CIS 0.18 ʈm process 
Å Quadruple well process 
Å Thick (~20 ʈÍ) epitaxial layer  
Å with high ÒÅÓÉÓÔÉÖÉÔÙ ɉЊυ ËɱɆÃÍ) 

 

ü SOI pixel sensor 

Å LAPIS 0.2 ʈm process 

Å High resistive substrate (Ó1 kɋÅcm) 

Å Double SOI layers available 

Å Thinning and backside process 
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R&D Activities - CMOS Pixel Sensor  

Å Sensor design & TCAD simulation  

ïDifferent sensor diode geometries, epitaxial-layer  
     properties and radiation damage 

 

Å JadePix1, first submission in Nov. 2015  

ïExploratory prototype, analog pixel, rolling shutter readout mode 
ïSensor optimization and radiation tolerance study 
ïsensing node AC-coupled to increase biased voltage  
  

Å Sensor characterization ongoing  

ïNoise level  
ïGain calibration with  55Fe 
ïCharge collection efficiency with 90Sr 
ï Irradiation with Neutron  
ïTest beam in Aug. 2018 

Y.Zhang, et al, NIMA 831(2016)99-104 

X. Shi, CEPC Workshop  Rome May 24-26 2018  
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CVF å 26 ɛV/e- CVF å 32 ɛV/e-  

Test results from JadePix1: diode + SF structure 

4 um2 diode,  Vdiode ͘1 V 8 um2 diode, Vdiode ͘1 V 

  

Equivalent Cin å5 fF  Equivalent Cin å 6.15 fF  

5.9 keV x ray 

55Fe Source Calibration 
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JadePix2 design: Rolling-shutter Mode 

Chip features:  

Ƅ 3¦3.3 mm2 

Ƅ 96¦112 pixels with 8 sub-matrix  

Ƅ Processing speed: 11.2ʈs/frame with 100 ns/row  

Ƅ Output data speed: 160 MHz 

Ƅ 0Ï×ÅÒȡ σȢχʈ!ȾÐÉØÅÌ ɉρτȢτ mW/cm 2 @pixel matrix) 

Submitted in 2017.  

Two different  pixel versions:  

Å Amplifier + Discriminator  

Å Pixel size: ςςʈÍ¦ςςʈÍ 

Å Positively biased sensing diode; 

Å Offset cancellation technique; 

Version 1: differential amplifier + latch 

Version 2: two stage CS amplifiers + latch 

JadePix2 Layout 

Y. ZHOU, HSTD11, OKINAWA Dec. 10-15 2017  


