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ﬁ Introduction

» Tracking is key essence for physics performance
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* Essential for a particle flow oriented detector to
achieve much better jet energy resolution:
precisely measuring momentum & extrapolating

tracks to the entrance of ECal e

Particles in jet Fraction of E Measured by

Charged tracks ~60% Tracker Negligible 2nd vertices in a jet

Photons ~30% Ecal 0.112Ejet

Neutral hadron ~10% Ecal+Hcal 0.162Ejet

Conclusion Required for 30%/sqrt(E) 0.202Ejet
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ﬁ Tracking System Options

» Several CEPC detector concepts
* Baseline detector (silicon + TPC)
e Full silicon detector
* Reference detector (silicon + drift chamber)

» Requirement of accurate and efficient tools for detector
studies

* Flexibility in layout optimizations and material studies

e Evaluating the performances of different designs
* With the potential of becoming the future tracking
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ﬁ Introduce ACTS to CEPC

» Derived from ATLAS, driven by the core idea to become A Common Tracking Software
e 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
e 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
O Layout optimization and framework integration
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ﬁ CEPC ACTS Activities

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

Integration into CEPCSW

acts-core acts-core
ACTS-framework CEPCSW (Gaudi)

— e . . —

Detector implementation and performance study

CEPC trackers

ACTS Propagation Mater.lal FATRAS Ka-Iman
Geometry mapping Fitter

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

» Baseline (silicon + TPC) » Full silicon detector (FST2 in CDR)
e Silicon detector with material e Geometry and materials
e Simplified TPC with 220 sensitive surfaces under validating

e Validated within ACTS-framework
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https://gitlab.cern.ch/jinz/acts-framework-cepc
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ﬁ Implementation

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

* Easy to modify the detector parameters

e Good readability

* Easy to integrate to CEPCSW 50
* One of the standards in the future =

» Propagation
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N ACTS Propagation Material FATRAS Kalman
ﬁ Implementation Geometry mapping Fitter
— Baseline tracker
» Material mapping S IR T IR TR Y &
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ﬁ Implementation

Baseline tracker

» Resolutions of sub-detectors
» FATRAS (Fast ATLAS Track Simulation)
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Performance study

Geometry

ACTS

Propagation
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mapping

Kalman

FATRAS Fitter

»> FATRAS

e Particle gun: 800,000 single u~ from (0, 0, 0)
* Magnetic field: (0, 0, 3T)
* pr:100GeV, 0: 85°, @: uniform distribution
» Kalman Filtering
e Pull distribution of track parameters

LocO or DO

Locl or Z0

Baseline tracker

' e 210’ 210’ T = x1g’ T = 10’
3 F ! 1 [ [ ¥ i
é L e e EouE Conman s 4Teed 1120000 g e o i v Eoowu
] ; £ w + 400007 v P [ s L
i - nf uE - v zE e of
i s 0F s E
13 s H 8 H3
Smooth ik o L o 43
4 fs 1 4F i
H3 F F F H
o \IS ﬂl .‘Is k. -ﬂ I5 1] [i] 5I Ll [1] 1 ﬂ‘ 1] 1 L
Pl o .
—0.000 + 0.999 0.006 +1.003 —0.006 + 1.003
; ' a ) s ) w1’ = - . )
P - s Lo o 1 =
w 114 ¢ “ F e SO ¢ OEAEE w
RE i 12F = P s 2 e
nf ok E WE
ik i ik ik
Perigee 13 ik i o
i s i s
{3 F % 2k
f: - 1 E L. -Uﬁl 1) [ 5 :‘ W
pul 00 pl 20 il 6 g

—0.000 £ 1.001

—0.001 + 1.003

0.000 £ 1.001

—0.001 + 1.003

—0.002 + 0.998

Oct 28, 2020

B Following standard normal distribution

CEPC Workshop, Shanghai

10



i

ACTS Material Kalman
Propagation . FATRAS .
|i Performance StUdy Geometry Pag mapping Fitter
Baseline tracker
» Smear resolution in FATRAS » Tracking Residuals
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Resolution of 1/pr
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ACTS Material Kalman

ﬁ Performance StUdy Geometry || P"°P%8%" || mapping FATRAS Fitter

Baseline tracker

» Resolution of vertex and momentum
e Full simulation data are according to CDR
* The CEPC physics program requires
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Working Group

» CEPC ACTS working group (mainly from IHEP, other institutes
showing their interested)
> 1 vyear 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

ACTS discussion

Saturday, October 10, 2020 from 15:00 to 18:05 (Asia/Shanghai)
at L¥F A (618)

Saturday, October 10, 2020

15:00 - 15:15 Update on ACTS development 15
Speaker: jin 3% (bes3 software)
15:20 - 15:40 ACTS for the CEPC tracking 20"
Speaker: HAN Yubo (IHEP)
15:40 - 16:00 CEPC ACTS checks 20
Speaker: RNl Z= (FgLFT)
Material: = slides

16:05 - 16:25 kalman filter study 20’
Speaker: Yebo Chen (S&EFR)
Material: | slides &1 )~

16:30 - 16:55 Kalman filter study 25' (618)
Speaker: Shuiting Xin
Material: | slides A
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October 2020

O 100ct ACTS discussion
September 2020

[0 29sep ACTS discussion
[ o7sep ACTS discussion

August 2020
[ 25aug ACTS discussion
July 2020

[0 304u ACTS discussion
[ 2140 ACTS discussion
[ o74u ACTS discussion

June 2020

29 Jun ACTS discussion
29 Jun ACTS discussion
16.Jun ACTS discussion
15 Jun ACTS discussion
15.Jun - 15 Jul Confluence of the ACTS For CEPC
09 Jun ACTS discussion

oooooon

01 Jun ACTS discussion
May 2020
[0 1sMmay ACTS discussion
[ 18May ACTS discussion

[ o04May ACTS discussion
[ o4mMay ACTS discussion

April 2020

[ 204 ACTS discussion
[0 o6Apr ACTS discussion

March 2020

[0 23mar ACTS discussion
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ﬁ Summary and next

» Summary
v' CEPC baseline detector tracker and FST2 geometries implemented with DD4Hep
v’ Validations of baseline design and Kalman filter done with truth tracking
v Ready for CEPC tracker design and optimization

> Next
O Optimization and more details of geometry
0 Detector layout and physics study
O Integration to CEPCSW framework

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

Thanks!
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ﬁ Other experiments experience

>

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
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