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Phys. requirements on future circular e+e- collider
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• Performance & Physics benchmarks: defined

• PFA is essential:

• BMR < 4% & pursue 3%

• Highly relevant – and even as the pre-request for excellent JOI & Pid (in jets)

• Phys. Requirements of the track detector

• TPC can provide hundreds of hits with high spatial resolution compatible with PFA (low X0)

Physics requirements (from Manqi Ruan) and  requirements on track detectors



Huirong Qi

CEPC accelerator TDR released in 2023
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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



CEPC accelerator TDR design

5



TPC technology for future e+e- collider
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Circular Electron Positron Collider (CEPC)

https://arxiv.org/abs/1811.10545

Future Circular Collider (FCCee)

https://arxiv.org/abs/2203.08310

• A TPC is the main tracking detector for some candidate experiments at future e+e- colliders 

• Baseline detector concept of CEPC and ILD at ILC

• TPC selected as the baseline track detector in CEPC TDR

• Pixelated readout TPC is potential to improve  PID requirements of Flavor Physics at e+e- collider.

• TPC technology can be of interest for other future colliders (FCC-ee, EIC, KEKb…)

https://arxiv.org/abs/1811.10545
https://arxiv.org/abs/2203.08310


 Estimation  the beam backgrounds of CEPC
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CEPC TPC parameters in TDR
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TPC parameters updated in CEPC TDR:

 rMin:0.30m (CDR)   → 0.60m (TDR) 

 rMax:1.80m (CDR)  → 1.80m (TDR) 

 maxDriftLen:2.35m (CDR) → 2.90m (TDR) , cosθ~0.98

CEPC TPC layout in CDR(left) & CEPC TPC layout in TDR(right)



CEPC TPC Beam backgrounds
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 CEPC TPC operation：

Ri=0.6m

Ro=1.8m



CEPC TPC Beam backgrounds
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 CEPC TPC operation：

• Usually small pt → particles do not reach TPC directly



Simulation flow of beam backgrounds
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Beamstrahlung

pairs

CEPC_v4

TPCCollection

TPC

𝜌sc(𝑟, 𝑧, 𝜑)

Marlin+ROOT

Get Hits Info

MDI

optimization

CEPC Soft

（Mokka）

MDIToolkit

• GuineaPig Higgs@240GeV / Z-pole@91GeV

• Mokka to correctly track low pt particles

• Magnetic field：uniform 3T (Higgs run)/2T (Z pole run) 

• MDI

• Optimization of  LumiCal position

• Optimization of  the shield 



TPC hits/BX & ion density/BX @Z-pole 2T
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 Primary ions per bunch crossing in TPC 

 10000 bunch crossing

 Edep ~4.73GeV in total

 Number of primary ions:  

 Edep/effective ionization potential of Ar [26eV]  ~18.20k ions/BX

Hits map (left) & Ion density(right) at x-y plane 𝜌𝑖𝑜𝑛 𝑟 distribution

BX freq. ~ 1/23ns



Number of ions at any time @ Z-pole 2T 
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 CEPC TPC maximum drift length:2.9m               Vol_TPC=52.48m3   

 TPC integrates over many collisions; maximum ion drift time ~ 2.9m/(5m/s)=0.58s

 Roughly estimate number of primary ions in the CEPC TPC volume at any time, taking account of different collision rates

 Number of Ions ~Primary ion/BX · BX 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 ·max drift time·η · 50% [ion already reached cathode]

 BX 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = 1/23ns ~43.5MHz 

 Primary ions in TPC at any time ~ 2.07×1011

 Average primary ion charge density ~0.63nC/m3



Ion current density in TPC  @ Z-pole 2T 
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 Primary ions charge density/BX:

 Current density = 𝜌𝑖𝑜𝑛 𝑟 · 6𝑚𝑚 · 𝑒 · BX 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 · 1015/(2𝜋𝑟 ·6mm) [fC/cm2·s]

 BX 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = 1/23ns ~43.5MHz

 Max. Current density~3.2 pA/cm2

r
6mm

Ion current density distribution



Ion Space Charge density in TPC @Z-pole 2T

15

 𝜌sc(single BX)~ 0.6e-6 nC/m3/BX

 𝜌sc(steady state)~ 𝜌sc(single BX) × BX freq. × max. drift time × 50% × η = 5.46 nC/m3 (r=60cm)   (Only primary ions) 

Preliminary

Ionization efficiency(90%)

𝜌𝑠𝑐 𝑟 (single BX) distribution Left & 𝜌𝑠𝑐 𝑟 (steady state) Right 



Beam background @ Higgs 3T
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 Primary ions per bunch crossing in TPC 

 Edep: 10.21 GeV in total(10000BX)

 Number of primary ions:  

 Edep/effective ionization potential of Ar [26eV]  ~39.26k ions/BX

 Primary ions in TPC at any time ~ 1.5×1010

 Average primary ion density ~0.05nC/m3

Hits map (left) & Ion density(right) at x-y plane 𝜌𝑖𝑜𝑛 𝑟 distribution

BX freq. ~ 1/680ns



Beam background of CEPC TPC Simu. Results 
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Max (steady state) ~ max(single BX) × BX freq. × max. drift time × 50% × η

primary ions only



 Comparison with FCCee & ILC (Slides from Daniel Jeans)
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Comparison with FCCee & ILC 
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Comparison with FCCee & ILC 
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Comparison with FCCee & ILC 
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CEPC Zpole 0.6e-6 nC/m3 5.46 nC/m3 (IBF=0)43MHz



Optimization of MDI design (on going) 
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 Redesigning MDI can reduce the beam background

 𝜌sc(steady state) ~ 4.68 nC/m3 after CEPC Lumical position optimization ~15% effect

 After removing FCCee BeamCal’s graphite layer ~20% effect

𝑀𝑎𝑥. 𝜌𝑠𝑐~5.46𝑛𝐶/𝑚
3

𝑀𝑎𝑥. 𝜌𝑠𝑐~4.68𝑛𝐶/𝑚
3



 Summary
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 A TPC is the main track detector at future e+e- colliders , TPC selected as the baseline track 

detector in CEPC TDR.

 CEPC TPC (larger inner radius) backgrounds from the beamstrahlung:

 Max. ion charge density (steady state) is 4-5× times less than FCCee91 and FCCee240   

 TPC ions from beamstrahlung dominate those from ee→qq

 Optimated MDI design may further reduce back-scatter and lower the beam backgrounds

Thanks for listening

Summary
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