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The CEPC Tracking system and 
tracking requirements
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Circular Electron Positron Collider (CEPC)  physics program

● Precision measurements of 
Higgs boson properties

● SM measurements: 
electroweak physics, QCD, 
flavor physics…

● Search for exotic decays of 
H, Z, B and τ, and BSM

Far more than a Higgs 
factory !

From J. B. Liu’s slides at CEPC workshop 2023, Oxford 
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https://indico.ph.ed.ac.uk/event/259/contributions/2463/attachments/1314/1969/CEPC-physics-detector-20230703.pdf


4

SIT + TPC + SET
 + FTD + ETD

CEPC Detector Conceptual Designs
CEPC CDR Baseline Design (Particle Flow Approach)
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CEPC Detector Conceptual Designs
Alternative designs



Silicon (VXD, SIT, SET, FTD) + Drift chamber 
(optimized for particle identification) Coverage hermiticity down to | cosθ | < 0.992
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Tracking system of CEPC 4th concept



Tracker Number of layers Radius/ 
|z| (mm) σx (μm) σy  (μm) Technology

VXD 3 double layers 16-58 2.8/6/4/4/4/4 2.8/6/4/4/4/4

Silicon 
(pixel/strip)

SIT 4 layers 230-770 7.2 86

SET 1 layer 1815 7.2 86

FTD 5/7 layers at 
each endcap 467-2991 (2.8)/(2.8)/7.2/

7.2/7.2/7.2/7.2
7.2/7.2/7.2/7.2

/7.2

DC 100 layers 805-1795 110 Drift Chamber
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Tracking detector design



● Mostly >20 tracks per event
○ Up to 100 tracks per event

●

A ZH event with 56 particles in 
detector detection region

A ttbar event with 30 particles 
in detector detection region
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Track multiplicity

From CEPC CDR Physics&Detector 
(arXiv: 1811.10545)



● >99% tracking efficiency for pT > 1 GeV
● Impact track parameter resolution at ~ 5 um
● Momentum resolution reaches per mille level in the range [ 10, 100] GeV
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Tracking requirements

From CEPC CDR Physics&Detector 
(arXiv: 1811.10545)
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ACTS implementation



● A modern, open-source, common tracking 
reconstruction software for particle and 
nuclear physics experiments
○ Validated and being validated by various 

experiment applications
● And is going beyond a tracking software

○ Heterogeneous computing, ML…
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More about ACTS from talks:
➔ J.  Couthures: Flash Talk: Seeding with Machine Learning in ACTS
➔ L-G Gagnon: On-the-fly measurement calibration with ACTS
➔ A. Stefl: Reconstruction performance with ACTS and the Open Data Detector
➔ L.  Coelho: Seed finding in the Acts Software Package: Algorithms and Optimizations
➔ L. AlSarayra: Studying a new Primary Vertex (PV) identification algorithm within ACTS framework

A Common Tracking Software https://github.com/acts-project/acts

https://indico.cern.ch/event/1252748/contributions/5617859/
https://indico.cern.ch/event/1252748/contributions/5521480/
https://indico.cern.ch/event/1252748/contributions/5521502/
https://indico.cern.ch/event/1252748/contributions/5561968/
https://indico.cern.ch/event/1252748/contributions/5521444/


ACTS tracking

CEPCSW event generation + 
full Simulation

ACTS event generation + 
Fatras/Geant4 Simulation 

CEPCSW ParticleFlow reco, Particle Identification, 
Performance validation etc.

Full CEPC simulation 
geometry based on  

DD4hep

CEPC tracker geometry in 
ACTS “format”

Measurements 
converter to be 
implemented

Track converter
to be implemented

DONE

DONE

Fatras simulation is 
temporarily used
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ACTS application strategies



Only showing the first and 
last layer of line surfaces

VXD FTD SIT + SET Drift Chamber
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CEPC tracker geometry  in ACTS format



● A layer-based geometry model is implemented for 
the drift chamber so far
○ 100 layers, each layer with hundreds to thousands 

of Acts::LineSurface

-> Plan: indexed grid navigation model
ACTS line surface

CEPC drift 
chamber cell 
structure
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CEPC drift chamber in ACTS



● SpacePoint (SP) Creation + Seeding + Combinatorial Kalman Filter (CKF)
○ Seeding: using SPs from 1th, 3th, 5th layers of VXD and 1th, 2th, 3th 

layers of FTD (far from being optimized selection)
○ CKF for track following starting from track parameters from the seeds
○ No ambiguity resolving yet
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Tracking strategies with ACTS



● Progressingly associate compatible hits to tracks 
based on prediction χ2：χ2 = rT (HCHT + V)−1r
○ r : residual 
○ H: projection from track parameters to 

measurement
○ V: measurement covariance

● Currently, left/right sign of drift circle is taken to be 
the same as the predicted track parameters
○ Explosive combinatorics if considering  two 

measurements with opposite signs for each drift 
distance

○ Plan: Implementation of ML-based predictor for 
the drift sign
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CKF for CEPC
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Tracking performance



● >97% seeding efficiency for pT > 1 GeV in benchmark physics processes
○ With 1% duplicate seeds
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Seeding performance



● >=95% tracking efficiency for pT > 1 GeV in benchmark physics processes
○ With 1-2% fake tracks and 10% duplicate tracks
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Tracking performance



● >99% tracking efficiency is achieved for pT > 1 GeV, if more SPs from more 
pixel layers are used
○ Can introduce far more duplicate tracks (up to 70%)
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Tracking performance



● Fitted track parameters are obtained from CKF and compared with truth track 
parameters

● At pT = 10 GeV, central region (|cosθ|<0.8) : 
○ σ(d0) = 3 μm,  σ(z0) = 3.5 μm, σ(pT)/pT = 0.16% 
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Tracking resolution



● CKF-based tracking finding + GenFit track fitting transcribed from Belle-II 
tracking software are available in CEPCSW
○ >95% tracking efficiency for single particle with p > 10 GeV based on full 

simulation (~100% with ACTS based on Fatras simulation and much looser 
track quality requirements)
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Preliminary comparison with CEPCSW tracking performance



● ACTS is preliminarily implemented for tracking at CEPC
○ CEPC 4th concept tracker geometry (silicon + drift chamber) has been 

successfully implemented with ACTS
○ Connection with CEPCSW simulation is still not available

● Promising tracking performance is achieved
○ >99% tracking efficiency achieved for benchmark processes e.g. HZ, Z, 

WW, but with bunches of duplicate tracks
● Much remains to be optimized

○ Try ACTS ML ambiguity resolver to remove fake/duplicate tracks
○ Performance validation with CEPC full simulation (W/ beam 

backgrounds)
○ More solid comparison with other tracking strategies for CEPC
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Summary
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