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Key issues of TPC for CEPC
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Brief reminder about CEPC
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• CEPC operation stages: 10-years Higgs → 2-years Z pole → 1-year W 
• CEPC phy./det. TDR (preparation)

• Physics and detector concept designed under the principle.
• Requirements may be with regard to runs of Higgs and Z-pole separately.

• Mandatory requirements MUST be met.
• Auxiliary requirements, if any, are optional.

CEPC- TDR p116
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Motivation: TPC requiremetns from e+e- Higgs/EW/Top factories
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• TPC can provide hundreds of hits with high spatial resolution compatible, with PFA design (low X0)
• σ1/pt ~10-4  (GeV/c)-1 with TPC alone and σpoint<100μm in rϕ

• Provide dE/dx and dN/dx with a resolution  <4%
• Essential for Flavor physics @ Tera Z run

Key issues of TPC technology for e+e- collider
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TPC as the main tracker
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• TPC as the main tracker detector to satisfy the physics requirements :
• For Higgs run, W and top running, no problem for all TPC readout technologies.

• Central Tracking is entrusted to a pad readout TPC detector.
• For high luminosity (2×1036) Z pole run:

• Pixelated readout TPC is a good option at high luminosity on the circular e+e- collider.
• The gating will not be possible, so we need an ion back flow suppression without gating R&D 

(double or triple mesh/mutil-Mesh, graphene membrane...)
• Some intense R&D program has to be addressed.
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TPC key parameters for Higgs run 

Parameters
B-field 3.0T without any E×B effect

Geometrical parameters
rin rout z

0.6m 1.8m 2.5m

Solid angle coverage Up to cosθ ≃ 0.96

TPC material budget
≃ 0.05 X0 including outer fieldcage in r
< 0.25 X0 for readout endcaps in z

Number of pads ≃ 106/1000 per endcap
Pad pitch/ NO. of Padrows layers ≃ 1×6 mm2 / 200 points per track in rϕ
σpoint in rϕ ≃ 60 μm for zero drift, ≤ 100 μm overall
σpoint in rz ≃ 0.4 − 1.4 mm (for zero – full drift)
2-hit separation in rϕ ≃ 2 mm
dE/dx resolution ≤  4 % (Pad readout), ≤  3 % (Pixelated readout)
Momentum resolution at B = 3.0 T δ(1/pt) ≃ 1×10−4/GeV/c (TPC only)
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Material Budget – TPC – Very light
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• TPC as the main tracker detector 
• A low material budget is a strong argument for a TPC

• ≤ 5% X0 in the barrel region
• ≤ 25% X0 in the endcap region

• Increased material in endcap has no impact on jet energy resolution

DBD

cos 10°

cos 40° 3

TPC – PRC2010 report
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Material Budget – TPC – Validation

7

• Barrel of the material budget
• Material budget of 1.2%X0 was reached
• Field homogeneity: 10-4 < ΔE/E< 10-3

• Operation gas (negligible): 1.2kg/m3

• Endcap of the material budget
• Readout plane, electronics, detector: <5%X0
• Cooling: <2%X0
• Power cables: <10%X0
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Occupancy – TPC - Safe
– TPC
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• TPC occupancy
• Low voxel occupancy : 1E-5 to 1E-6
• At 2 E36 with Physics event only, even bunch 

distribution.

• Pad readout (1mm×6mm)

• inner most occupancy 1E-4

• Pixelated readout (55um×55um)

• much LOWER inner most occupancy ~1E-6

• Pixelated readout can easily handle a high hits rate at Z

• The test beam showed GridPix TPC prototype can 
handle up to 2.6M hits/s per chip
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Power Consumption – TPC - Validation
– TPC
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• Power consumption
• Pad readout TPC@1mm×6mm@IHEP
• Total channels:  106

• Total power: <12 kW  
• 48mW/cm^2
• WASA ASIC chip: 3.5mW/ch@40 MS/s
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Various Possibilities of Mounting TPC
– TPC
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• TPC Material and Weight
• PCB: 2×530 kg (on basis of 7kg/module, FR4) 
• Endplate: 2×370 kg (Aluminium)
• Field Cage: 265 kg

Maximum deflection of the model: 
~0.00867mm/100 N
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Cost – TPC
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• TPC cost estimation
• Chamber
• Endplate
• Electronics
• Alignment
• HV
• Gas system
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TPC as the main tracker
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• TPC as the main track detector for CEPC
• Material budget of endplate/chamber √
• Occupancy √
• Optimization of pad size √
• Channels and power consumption √
• Cost estimation √
• Ions affect and distortion √ (need R&D for Z pole)
• Improved dE/dx+dN/dx √ (need R&D Z pole)
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Many thanks!
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