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 Introduction

CEPC ACTS activities 
• Implementation
• Performance study

 Summary and next



Introduction
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 Tracking is key essence for physics performance
• Excellent impact parameters measurement for 2nd 

vertex finding, so for tagging jet flavor, 𝜏𝜏 lepton, 
and reconstructing long lived mesons, such as B, D, 
and so on

• Precise momentum resolution to reconstruct 
Higgs/Z, etc, mass peaks

• Essential for a particle flow oriented detector to 
achieve much better jet energy resolution:  
precisely measuring momentum & extrapolating 
tracks to the entrance of ECal 

Higgs mass

2nd vertices in a jet 



Tracking System Options
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 Several CEPC detector concepts
• Baseline detector (silicon + TPC)
• Full silicon detector
• Reference detector (silicon + drift chamber)

 Requirement of accurate and efficient tools for detector 
studies

• Flexibility in layout optimizations and material studies
• Evaluating the performances of different designs 
• With the potential of becoming the future tracking 

software

CEPC full silicon detector FST2CEPC detector baseline design



Introduce ACTS to CEPC
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 Derived from ATLAS, driven by the core idea to become A Common Tracking Software
• Encapsulating the well-tested ATLAS tracking code – high performance in the past
• Independent from detectors and framework 

 Modern technologies 
• Dealing with the CPU problem in dense tracking environment
• Generic programming with C++ 17
• Thread-safe design and efficient memory allocation

 Active group for the developing
• Potential to become the future ATLAS tracking software
• Other experiments are also trying 

• BELLE-2, sPHENIX, FASER, CEPC  … *

 In term of CEPC, our activities started from last year
• Participate in the ACTS development
• Implement different detector designs
• Detector details and tracking performance studies
 Layout optimization and framework integration



CEPC ACTS Activities
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CEPC trackers

ACTS
Geometry FATRAS Propagation Kalman 

Fitter 
Material 
mapping 

 Two designs of CEPC tracking system implemented with DD4HEP (Baseline+FST2)

Detector implementation and performance study

ACTS-framework
acts-core

CEPCSW (Gaudi)
acts-core

Standalone study 

https://gitlab.cern.ch/jinz/acts-framework-cepc

 Baseline (silicon + TPC)
• Silicon detector with material
• Simplified TPC with 220 sensitive surfaces 
• Validated within ACTS-framework

 Full silicon detector (FST2 in CDR)
• Geometry and materials 

under validating

Integration into CEPCSW

https://gitlab.cern.ch/jinz/acts-framework-cepc


Implementation

 DD4hep based geometry to describe CEPC inner tracker 
and built with XML file 

• Easy to modify the detector parameters
• Good readability
• Easy to integrate to CEPCSW
• One of the standards in the future

 Propagation
• A powerful tool to debug the geometry
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CEPC detector baseline design

Baseline tracker

ACTS
Geometry FATRAS Propagation Kalman 

Fitter 
Material 
mapping 

SET & ETD

Sensitive in R-Z view 

SIT2 & FTD4,5



Implementation

 Material mapping
• Details of Material in the DD4hep xml file 
• Geantino to record the original material
• Original material is mapped to surfaces → json output

 Generally match with Geantino output
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Baseline tracker
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Geometry FATRAS Propagation Kalman 

Fitter 
Material 
mapping 

Surface mapping
Validation of 𝑋𝑋0

Json output



 FATRAS (Fast ATLAS Track Simulation)
to do the simulation
• Smear true position → hit 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 [𝜇𝜇𝑚𝑚] 𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 [𝜇𝜇𝑚𝑚]

Implementation
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Sub-detector loc0_res
[μm]

loc1_res
[μm]

Barrel

Vertex

1 3 3 pixel

2 4 4 pixel

3 4 4 pixel

SIT 1, 2 5 250 strip

TPC 100 5000 TPC

SET 5 250 strip

Endcap

FTD 1, 2 3 3 pixel

FTD 3, 4, 5 5 250 strip

ETD 5 250 strip

loc1

loc0

global z

global z

global x
global y

loc1

loc0

 Local coordinate 

Silicon module TPC layer

Baseline tracker

 Resolutions of sub-detectors

ACTS
Geometry FATRASPropagation Kalman 

Fitter 
Material 
mapping 

Std Dev: 
3.0

Std Dev: 
3.0

Std Dev: 
5.0

Std Dev: 
252

Std Dev: 
100

Std Dev: 
4997

Vertex 1

SIT 1

TPC



Performance study

 FATRAS
• Particle gun: 800,000 single 𝜇𝜇− from (0, 0, 0)
• Magnetic field: (0, 0, 3T)
• 𝑝𝑝𝑇𝑇: 100GeV, 𝜃𝜃: 85°, 𝜑𝜑: uniform distribution

 Kalman Filtering
• Pull distribution of track parameters
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𝝁𝝁 ± 𝛔𝛔 Loc0 or D0 Loc1 or Z0 phi theta q/p

Smooth

−0.000 ± 0.999 0.006 ± 1.003 0.002 ± 0.997 −0.006 ± 1.003 −0.005 ± 0.998

Perigee

−0.000 ± 1. 001 −0.001 ± 1.003 0.000 ± 1.001 −0.001 ± 1.003 −0.002 ± 0.998

 Following standard normal distribution

Baseline tracker

ACTS
Geometry FATRASPropagation Kalman 

Fitter 
Material 
mapping 



Performance study

 Smear resolution in FATRAS
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Baseline tracker

ACTS
Geometry FATRASPropagation Kalman 

Fitter 
Material 
mapping 

Std Dev: 
3.0

Std Dev: 
3.0

Std Dev: 
5.0

Std Dev: 
252

Std Dev: 
100

Std Dev: 
4997

𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 [𝜇𝜇𝑚𝑚] 𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 [𝜇𝜇𝑚𝑚]

Std Dev: 
2.6

Std Dev: 
2.3

Std Dev: 
4.6

Std Dev: 
252

Std Dev: 
100

Std Dev: 
4997

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 [𝜇𝜇𝑚𝑚] 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑖𝑖𝑖𝑖 [𝜇𝜇𝑚𝑚]

 Tracking Residuals

Vertex 1

SIT 1

TPC



 Resolution of vertex and momentum

• Result in ACTS ( 𝑝𝑝𝑇𝑇: 100GeV, 𝜃𝜃: 85° )
• 𝜎𝜎𝑟𝑟𝜑𝜑 = 1.67 𝜇𝜇𝑚𝑚 𝜎𝜎1/𝑝𝑝𝑇𝑇 = 2.93 × 10−5 𝑐𝑐/𝐺𝐺𝐺𝐺𝐺𝐺

• Full simulation resolution in CDR
• 𝜎𝜎𝑟𝑟𝜑𝜑 = 1.89 𝜇𝜇𝑚𝑚 𝜎𝜎1/𝑝𝑝𝑇𝑇 = 2.75 × 10−5 𝑐𝑐/𝐺𝐺𝐺𝐺𝐺𝐺

Performance study
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Baseline tracker

Resolution of 𝐷𝐷0 Resolution of  1/𝑝𝑝𝑇𝑇

ACTS
Geometry FATRASPropagation Kalman 

Fitter 
Material 
mapping 



Performance study
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Baseline tracker

ACTS
Geometry FATRASPropagation Kalman 

Fitter 
Material 
mapping 

 Resolution of vertex and momentum
• Full simulation data are according to CDR
• The CEPC physics program requires

• 𝜎𝜎𝑟𝑟𝜑𝜑 = 𝑎𝑎 ⊕ 𝑏𝑏
𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠3/2𝜃𝜃

, 𝑎𝑎~5𝜇𝜇𝑚𝑚 and 𝑏𝑏~10𝜇𝜇𝑚𝑚 ⋅ 𝐺𝐺𝐺𝐺𝐺𝐺/𝑐𝑐

• 𝜎𝜎1/𝑝𝑝𝑇𝑇 = 𝑎𝑎 ⊕ 𝑏𝑏
𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠3/2𝜃𝜃

, 𝑎𝑎~2 × 10−5𝑐𝑐/𝐺𝐺𝐺𝐺𝐺𝐺 and 𝑏𝑏~1 × 10−3

 Generally match with full simulations in CDR
 Further validation

Resolution of 𝐷𝐷0 Resolution of  1/𝑝𝑝𝑇𝑇



Working Group 

 CEPC ACTS working group (mainly from IHEP, other institutes 
showing their interested)

• > 1 year bi-weekly meeting to share the tracking 
experiences from ACTS

• More than 10 people attend the regular meetings 
• Increasing number of people starting to work on the CEPC-

ACTS integration part and some have interest in 
contributing to ACTS project
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Summary and next
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 Summary
 CEPC baseline detector tracker and FST2 geometries implemented with DD4Hep
 Validations of baseline design and Kalman filter done with truth tracking
 Ready for CEPC tracker design and optimization

 Next
 Optimization and more details of geometry
 Detector layout and physics study
 Integration to CEPCSW framework

 Anyone interested in ACTS and tracking studies are more than welcome

Thanks!
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BACKUP



Other experiments experience
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 BELLE-2 
https://indico.cern.ch/event/917970/contributions/3861757/attachments/2044358/34
24508/acts-belle2.pdf

 sPHENIX 
https://indico.cern.ch/event/917970/contributions/3861759/attachments/2044370/34
24557/Acts_sPHENIX.pdf

 FASER 
https://indico.cern.ch/event/917970/contributions/3861959/attachments/2044384/34
24550/FaserExperience_keli.pdf

 CEPC 
https://indico.cern.ch/event/917970/contributions/3861761/attachments/2044401/34
24582/actsworkshop-cepc-final.pdf

https://indico.cern.ch/event/917970/contributions/3861757/attachments/2044358/3424508/acts-belle2.pdf
https://indico.cern.ch/event/917970/contributions/3861759/attachments/2044370/3424557/Acts_sPHENIX.pdf
https://indico.cern.ch/event/917970/contributions/3861959/attachments/2044384/3424550/FaserExperience_keli.pdf
https://indico.cern.ch/event/917970/contributions/3861761/attachments/2044401/3424582/actsworkshop-cepc-final.pdf
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