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Content

We just focus on the talks in CEPC workshop and some considerations.
• Overview of PID in the gaseous detector

• Prospects and discussions
• In Time - Cluster counting in DC
• In Space – Cluster counting in TPC
• Low material budget uRWELL detector
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Overview of PID in the gaseous detector – Physics requirements in CEPC
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Overview of PID in the gaseous detector
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7 talks =  3DCs + 3 TPCs + uRWELL
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dE/dx and dN/dx
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• dNcl/dx resolution is potentially better than dE/dx.
• Cluster counting requires the fast electronics and sophisticated counting algorithms, or alternative readout 

methods.
• It has the potential of being less dependent on other parameters – however certain gasses (He, Ne) are 

better suited than others (Ar) due to their primary ionization characteristics

• In cluster-counting mode there is a clear statistical advantage, even taking into account a cluster 
identification efficiency. There is the potential of better resolution by at least a factor 2 (theoretically)

• The relativistic rise is flattened out by a strict primary cluster count 
           →a hybrid approach (dE/dx + dN/dx) may be better suited long drift lengths (long. diffusion + 
attachment) tend to de-cluster the primary ionization. 

• Potential source of systematics should be considered too.
• Optimize the gas for longitudinal diffusion

• Future DCs may applied
• TPCs may hit intrinsic limitations
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How to identify the clusters and achieve dN/dx ?
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In Time
• Challenging of the fast-shaping 

electronics (~ ns needed)
• De-couple the charge collection from the 

cluster counting  altogether
• → optical, with ~(sub)ns continuous 

readout sensors

In Space
• Challenging of the low power consumption  

electronics (>40mV/fC needed at 2000 of gas 
gain)

• Pixelated readout
• → the reasonable pixilation reveals the 

underlying cluster structure in 3D chamber
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• Simulation and experimental studies on DC
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Simulation of Cluster counting in DC (4th concept in CEPC)
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• Waveform-based simulation Guang Zhao (IHEP)
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K/𝜋𝜋 separation for gas mixtures
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Guang Zhao (IHEP)
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Study of cell size
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Guang Zhao (IHEP)
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Simulation of Cluster counting in DC (4th concept in CEPC)
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• Waveform-based simulation
• Simulation gives us the suggested parameters of DC

• Gas mixtures: 90% He + 10% C4H10
• Cell size: 1.8 cm × 1.8 cm
• Thickness of DC: < 100 cm (2𝜎𝜎 K/𝜋𝜋 separation @ 20 GeV/c)

Guang Zhao (IHEP)
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Progress + ongoing 
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Guang Zhao (IHEP)
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Experimental studies of Cluster counting on DC
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• Offline analysis on November test beam data taken with 165 GeV/c muons
beams from 11st November, 2021
• Dealing with 11 drift tubes having cell sizes of 1-cm, 2-cm and 3-cm

Francesco Grancagnolo (INFN)
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Cluster counting and electron peaks counting
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Francesco Grancagnolo (INFN)
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Conclusions + plan
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Francesco Grancagnolo (INFN)• Evidence of space-charge effects and indication of space-charge dimension (essential for 
simulating in a realistic way the drift chamber behavior beyond Garfield++)

• The time spread of the last cluster is distributed as expected, allowing for an event time 
stamping at the Z-pole at the level of 1 ns.

• Next step will be the experimental measurement of the cluster density and cluster size 
distributions over the relativistic rise region, which will begin this coming summer at 
CERN H8.
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• Simulation and experimental studies on TPC
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Simulation of PID with gaseous tracking and timing in ILD 
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• dE/dx reconstruction inside TPC
• dE/dx and cluster counting for ILD
• Time of Flight particle ID and V0 finder

Bohdan Dudar (DESY)
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Cluster Counting / Charge summation / Granularity 
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Bohdan Dudar (DESY)
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Time of Flight particle ID
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Bohdan Dudar (DESY)
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dE/dx + TOF PID + ongoing 
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Bohdan Dudar (DESY)
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Pixelated TPC technology R&D
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Peter (NIKHEF)
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Pixelated TPC technology R&D
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Peter (NIKHEF)• High statistics data taken with different B fields 
• A beautiful data set and we look forward to study further the performance (resolutions 

and deformations)  σxy<250 μm and σz<425 μm (mean drift distance of 6.4 mm)
• Opportunity to exploit pixel TPC high precision tracking and particle identification 

with dE/dx using single electrons

DESY test beam June 2021
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Conclusion and plan
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Peter (NIKHEF)
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TPC technology R&D for CEPC
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Huirong (IHEP)• Studies have been done using the different active area of the hybrid TPC detector modules
• Validated IBF×Gain using the TPC detector module
• A laser TPC prototype has been successfully developed and studied at IHEP in the last 6 

years. Ion backflow can be reduced to 1 level at gain 2000.
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TPC prototype plan
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Huirong (IHEP)• R&D plan will mainly focus on making pixelated TPC prototype working
• Improve the laser track resolution and cluster size
• Improved dE/dx with dN/dx
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TPC ASCI readout R&D
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Deng Zhi (Tsinghua)• WASA V1: 16 channel AFE+ADC+LVDS data output
• The Power consumption: AFE in 1.4 mW/ch and ADC in 1 mW/ch
• Tested with TPC detector at IHEP:OK, more tests with more readout ongoing
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ASCI readout R&D onging
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Deng Zhi (Tsinghua)
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• Simulation and experimental studies on uRWELL
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uRWELL for next generation collider
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Fang Zhujun(USTC)
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uRWELL for next generation collider
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Fang Zhujun(USTC)
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• Classical PID with dE/dx by charge measurement established since many 
decades at large detectors
• dE/dx resolution depends on track length and gas pressure

• Cluster Counting promises up to ~3x better dE/dx resolution (~2x better 
separation power)
• in time (small drift cells) , needs very fast electronics 
• in space (TPC + pixelated endplates) , needs good cluster finding algorithm

• Cluster Counting can be complementary to classical dE/dx by the spread charge
• Many groups focus on it and ongoing for CEPC, FCC-ee …

• In my view, ‘Real’ new ideas need and beyond.
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Conclusion
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Many thanks!
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