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Motivation and physics requirements

TPC for future ete colliders

¢ The TPC is a promising main tracker detector candidate for future e*e~ collider experiments.

¢+ A low material budget (ensuring the resolution of low-momentum tracks)

¢ Good particle identification (PID) capability

¢ Provides data at the hundred-micrometer level (facilitating pattern recognition in track reconstruction)

¢ Barrel coverage extends up to [cos 8| > 0.85

¢ High-granularity readout TPC is potential to improve PID requirements of flavor physics at efe~ collider

¢ TPC technology can be interest for future colliders (CEPC, FCC-ee, EIC, etc.)
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Motivation and physics requirements

TPC for future ete colliders

¢ Physics requirements for TPC:

¢ Tracking: o(1/P;)~10-4 (GeV/c)! (TPC only), a(1/P;)~3 X 10> (GeV/c)! (TPC+S1 detectors)

¢ PID for flavor physics and jet reconstruction: n/K separation power better than 3o

¢ Challenges: Parameters Requirements for CEPC
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Motivation and physics requirements

CEPC detector design

Muon detector

¢ In CEPC detector design, TPC (main tracker

detector) coverage:
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¢ With optimal performance: “,‘“ - S B
lcos 6| < 0.85
¢ Maximum coverage: Timing (OTK)
Icos 0] < 0.98 Vertex detector (VTX)
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*From J. Guimaraes da Costa's presentation
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TPC design and high-granularity readout

Baseline design of the TPC e

¢ Overall design of the TPC in CEPC Ref-TDR

¢ Inner radius = 0.6m / Outer radius = 1.8m / Max. drift length ~ 2.75m
(volume = 52.48m?3)

¢ End-plate: 248 X2 modules, Double-Micromegas + 500pm X 500um

readout pad

¢ Light barrel: 0.69% X, for the outer cylinder and 0.45% X, for the inner

cylinder wall
Readout modules Cathode Field cages

First mesh Aluminum + Polyimide

Carbon Fiber

3, Pillars (100pm)

Second mesh
Readout pixels «— Honeycomb

Pillars (100pm)

20.4 mm (outer cylinder)
5.4 mm (inner cylinder)

Readout chips

Aramid paper

\Palyimide
Field cage
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TPC design and high-granularity readout

High-granularity readout

¢ Traditional TPC readout: ~Imm X 6mm pad size,
dE/dx PID

¢+ A well-established and mature technology
¢ Limited number of sampling points

¢ A long tail in the distribution of dE/dx, making it

sensitive to fluctuations

¢ For future large colliders, we proposed a high-

granularity readout design for TPC:
¢ Readout pad size: ~500 um

¢ With the cluster counting (dN,/dx) algorithm, it can

achieve better PID performance

¢ Challenge: the smaller readout units lead to higher
overall power consumption and greater cooling

requirements
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TPC design and high-granularity readout

dN,/dx PID algorithm
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TPC design and high-granularity readout

TPC Simulation Framework — S |
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TPC design and high-granularity readout

Full-length prototype experiment

¢ A full-length TPC prototype has been designed for experimental
studies on electron drift velocity, attachment coefficient, and

transverse/longitudinal diffusion.

¢ The prototype's length matches the TPC specification in the CEPC
Ref-TDR.

¢ Double-Micromegas readout pad

¢ 0~ 2.9 m adjustable drift length
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TPC design and high-granularity readout

Prototype commissioning

¢ The mechanical construction has been completed.

¢ Current status: focusing on the commissioning of the HV

electric field.

¢ HV system design: 706 copper rings, each with a 1 MQ

resistor (0.1% tolerance)
¢+ Up to 100 kV HV, meeting all experimental requirements.

¢ Reliability: < 0.5W per resistor, ensuring stable and safe

long-term operation.

11



PID performance and optimization

Overall PID performance

¢ Updated dN,/dx reconstruction (+20% improvement than traditional dE/dx results):

¢ Pad size: 500pm X 500um

¢ Pad counting: counting pads with charges above a threshold and normalizing by the track length in each layer
(dN,/dx in layer)

¢ Separation power 7 > 30 between K/n and n/p with momentum up to 20 GeV/c
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PID performance and optimization

Bin: 50x50 ym Bin: 200x200 um [ Hisi 2 | Bin: 500500 um
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(amplification diffusion: 30 um)
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I By - PID performance and optimization

Optimization in dV,/dx PID parameters
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PID performance and optimization

Background effects
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Lo Summary

Summary

¢ The high-granularity TPC with ~500 um readout pads demonstrates enhanced PID performance
using the dN,/dx method, improving n/K separation beyond 30 up to 20 GeV/c.

¢ Optimized pad size and reconstruction parameters can further boost separation power by ~10%.

¢ Background effects on PID, mainly from space charge and low-energy electrons, are manageable
in most operation modes.

¢ Further studies will focus on the experimental determination of drift, diffusion, and avalanche
properties, as well as the optimization of readout pad size and reconstruction parameters.
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THANRS

Thank you for listening !
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