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BESIII introduction
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Offline track reconstrution

Template Segment

Matching Finding
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tracks

 Local: PAT & TSF
* (Global /low p;: Hough Alg

Kalman Alg J
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Local: Pattern matching finding (PAT)

matching pattern in superlayers

4th layer
3rd layer
2nd layer

Ist layer
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» Particularly suitable for cell-based
MDC geometry:
* Superlayer structure
* Symmetrical along ¢
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Local: Track segment finder (TSF)

» Lower p; = larger curvature, PAT struggles
* Use drift circles
* Fit with conformal transformation
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Local: Track segment finder (TSF)

/ Drift circle

r =1larift)
Anode wire

> Drift circle

Charged track
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Local: Track segment finder (TSF)

> Conformal transformation (
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Local: Track segment finder (TSF)

» Lower p; = larger curvature, PAT struggles
* Use drift circles
* Fit with conformal transformation
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Global: Hough algorithm

> py <120 MeV/c
e With large p, = short tracks
* With small p, = multiturn reacks
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Global: Hough algorithm

» Hough transform for drift circles

Xpcosa+yysinatr

Po + T Po +T
‘;ﬁ\\ Po
Po—Tr \\ _r
o Po
O X

p = Xcosa + Y sina + r (upper half circle)
p = Xcosa + Y sina — r (lower half circle)
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Global: Hough algorithm

» Hough transform for drift circles
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Kalman filter

» Helix parameters: (rx, Ty, Ty, Kp, COL /1)

ik = Grjk-1 + K (Mg — Hi Qppe-1)

Considering inhomogeneous magnetic field, energy loss and multiple scattering
with e, u, m, K, p hypothesis.
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Graph neural network

» Noise cancelling: Edge classification

» Clustering: Density-Based Spatial Clustering of Applications with Noise

x-y plane (raw hits)

x-y plane (GNN remove noise) ‘Alpha’ space Cluster on 'Alpha' space
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» Separation: Random Sample Consensus

https://indico.cern.ch/event/1128328/
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Tracking efficiency

» Control sample
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https://indico.ihep.ac.cn/event/24834/
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HiLumi LHC

> L~5X%103*% cm™2s71
> Event rate ~40 MHz
> ~((10°) hits per event

= Calls for algorithms with low complexity
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Track reconstruction model

» Noise filter: Transformer classifier H H o
 Avoids graph construction as in GNN II I I | | =]
> Track Rec.: MaskFormer L { HHE i1l = e
> An encoder-decoder architechture “ L BEE il ; E
* Sliding window attentionin ¢ = O(M X w) O | w ] | S }
« End-to-end reconstruction il o I ‘?;dz [, 0 O]

PHYS. REV. X 15, 041046 (2025)
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Performance

» Tracking efficiency

Model Initial purity (|n| < |n|™**) Filter efficiency Filter purity Reconstructible
600 MeV 15.6% (34.0%) 99.5% 72.7% 99.7%
750 MeV 11.2% (24.3%) 99.5% 67.2% 99.6%
1 GeV 13.1% (14.8%) 99.4% 64.5% 98.8%

» Time complexity (on a single NVDIA A100 GPU)

Tracking time (ms)  Filter + tracking time (ms)

600 MeV 100 + 12 123 + 14 PHYS. REV. X 15, 041046 (2025)
750 MeV 74 +9 97 + 11
I GeV 76 £ 9 99 + 11
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Summary

» PAT, TSF, Hough Alg., Kalman filter
» GNN, Tansformer/MaskFormer
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Thank you!
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