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Outline
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➢ Introduction
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➢ Integration of ACTS with CeeRoot

• Geometry & EDM

• Algorithm

➢ Preliminary performance of CPU/GPU-based tracking with ACTS

➢ Summary



CeeRoot
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Git : https://gitee.com/CEESM/CeeRoot/tree/master

➢ Simulation and reconstruction and analysis software 

for CEE : based on FairSoft and FairRoot

➢ Tracking Software development

• Hardware : multi-cores CPUs and accelerators (GPU, 

FPGA)

• Software : Machine learning

➢ This work extends CeeRoot to support ACTS

CPU/GPU-based tracking ACTS



ACTS : A Common Tracking Software
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[1] Git : https://github.com/acts-project/acts
[2] Doc : https://acts-project.github.io
[3] https://doi.org/10.1051/epjconf/202533701187

➢ An open source and experiment independent tracking toolkit for HEP experiments [1,2]

• Support CPU multithreading

• Modular design

• Good scalability and support ML

• Supports various detector surface descriptions

➢ Several R&D projects within the ACTS ecosystem

• traccc: GPU tracking pipeline [3]

• ML-based alg: GNN based tracking, Seed Filter, 

Ambiguity Resolution and so on [2]

https://acts-project.github.io/
https://acts-project.github.io/
https://acts-project.github.io/
https://doi.org/10.1051/epjconf/202533701187


`ACTS::traccc` : GPU tracking library in ACTS   
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➢ A fully GPU-based tracking pipeline for hep-ex within ACTS [1]

• Compatible with NVIDIA, AMD and Intel 

• Algorithm and supporting libraries (detray, vecmem and covfie) are developed for GPU 

[1] https://indico.cern.ch/event/1499357/contributions/6621951/



Benchmark
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➢ Hardware :

• CPU : Intel Ultra 9 275HX 

(8P+16E, 3.07 GHz) + 1 thread 

• GPU : NViDIA RTX 5070Ti 

Laptop 12G (CUDA Version 13.4) 

➢ Software 

• WSL Ubuntu 24.04 

• ACTS : v48.0.1

• traccc: v1.6.0

➢ Datasets

• 50 events, 100 protons per 

event, B = 0.5 T

• 0.0 < Pt < 0.5 GeV/c

CPU/GPU

CPU

CPU



Application of ACTS to CeeRoot : TPC geometry
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➢ ACTS Gen3 `TrackingGeometry` [1] : sensitive surface information (shape + location) + 

simplified material

➢ TPC pad information : `PadDigitizationOriginInfo_NOGAP_v1.2.txt`

➢ Pad-row at each TPC sector -> a fake `Acts::CylinderSurface`

➢ Material : 90% Ar + 10% CO₂, 850 mbar, width 1.4 cm 

[1] https://indico.cern.ch/event/1501989/contributions/6355820/



Application of ACTS to CeeRoot : EDM

➢ Clustering (hit -> measurement) is implemented in CeeRoot

• `CeeTpcHit` -> `Acts::Measurement` and `Acts::SourceLink`

• Transformation

1. Global frame: CEE TPC global vs ACTS global

2. ACTS global frame -> Surface local frame (𝑅𝜙, 𝑧)

3. Error : error propagation

4. `Acts::SourceLink` : `Acts::Measurement` + 

`Acts::Surface::Identifier` + HitIndex 

𝑿, 𝒀, 𝒁 𝑪𝑬𝑬 𝒄𝒎 = 𝑿, 𝒁, 𝒀 − 𝟑𝟓 𝑨𝑪𝑻𝑺×𝟏𝟎 𝒎𝒎
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𝝓 = 𝐚𝐭𝐚𝐧𝟐(𝒀𝑨𝑪𝑻𝑺, 𝑿𝑨𝑪𝑻𝑺)



Application of ACTS to CeeRoot : Seeding

➢ Seeding : Cellular Automata

1. Find doublet : Δ𝜙 < 0.3, Δ𝜌 < 2.08 𝑐𝑚,

Δ𝜃 < 0.3, Δx < 2.51 cm, Δz < 2.13 cm
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More in Ze Song`s and Aiqiang`s talks

2. Evolution : 𝜃𝑥𝑧 < 0.5, 𝜃𝑅𝑦 < 0.4 

• Loop all cells to find compatible neighboring 

cells in the next inner layer

• Repeat until no further extension is possible

3. The best and longest one with root cell as seed -> 

estimate the sign of this track

• Root cell : doublets formed by hit without 

neighbor hit in the outer layer

https://indico.impcas.ac.cn/event/217/contributions/1613/
https://indico.ihep.ac.cn/event/21775/contributions/155286/


Application of ACTS to CeeRoot : Finding

➢ Finding : Combinational Kalman Filter 

• Chose at most 1 hit on this layer with minimum 𝜒𝑙𝑜𝑐𝑎𝑙
2  (KF 

predication vs measurement) 

• Inward : look for hit from outer to inner layer

• Sign of charge : estimated with seed

• Particle hypothesis: proton, without material effect

• End : 

1. CPU mode : end : 3 holes (𝜒𝑙𝑜𝑐𝑎𝑙
2 > 36) or outliers

 (9 < 𝜒𝑙𝑜𝑐𝑎𝑙
2 < 36) 

2. GPU mode : end : 3 holes (𝜒𝑙𝑜𝑐𝑎𝑙
2 > 36) 

➢ Note : CPU and GPU have independent CKF code in ACTS
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Ambiguity Resolution and Vertexing
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➢ Ambiguity resolution : each used hit on at most one track

• Rank remaining tracks with shared hits: more hits -> lower 𝜒2/ndf 

➢ Vertexing : `Acts:: IterativeVertexFinder` + `Acts::FullBilloir` (preliminary)

• Good TPC track -> propagate to Zcee(Yacts)=0 -> VertexSeed

• `Acts::FullBilloir` : calculate weight factor for each unused track with the same vertex 

position

• `Acts:: IterativeVertexFinder` : estimate vertex position with unused tracks -> FullBilloir -> 

estimate vertex position with lower weight tracks -> FullBilloir -> …

➢ Kalman fitter : `Acts::DirectNavigator`

• Vertex constrained

• Inner -> outer

• Sign of charge : same as CKF



Preliminary performance : timing 
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➢ CKF : ~5x

➢ AR : ~2x

➢ GPU memory : 

~400 MB/event

CPU

GPU



Preliminary performance : resolution
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CPU

GPU

➢ Good agreement 

between these two 

workflows

➢ Pt residual : 𝝈~𝟒 % for 

0.0 < Pt < 0.5 GeV/c

➢ Hit residual : 𝝈~𝟎. 𝟑 mm



Preliminary performance : efficiency
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➢ CPU : ~ 88 % ( > 90 % for 

tracks with Pt>0.3 GeV)

➢ GPU : ~ 82 % 

➢ Optimization is necessary

• CPU and GPU have 

independent CKF code 

in ACTS

• Need to check the 

intermediate results at 

each CKF step

CPU

GPU



Summary
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➢ ACTS has been integrated into CeeRoot preliminarily 

(not yet released)

✓ CPU-based tracking 

✓ GPU-based tracking

➢ ToDo :

• Optimization is necessary -> release ASAP

 CKF strategy

 GPU/CPU resource scheduling optimization

 Material effect

 GPU-based vertexing implementation

• GNN-based tracking 



Backup
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  R 𝜙 , z


     (  𝑿 , 𝒀 , 𝒁 )  𝑪 𝑬 𝑬    (  𝒄 𝒎 ) =    (  𝑿 , 𝒁 , 𝒀 − 𝟑 𝟓 )  𝑨 𝑪 𝑻 𝑺 × 𝟏 𝟎    (  𝒎 𝒎 )


  𝝓 = 𝐚 𝐭 𝐚 𝐧 𝟐 (  𝒀  𝑨 𝑪 𝑻 𝑺 ,  𝑿  𝑨 𝑪 𝑻 𝑺 )


   |  Δ 𝜙 | < 0 . 3 ,  |  Δ 𝜌 | < 2 . 08   c m ,


   |  Δ 𝜃 | < 0 . 3 , Δ x < 2 . 51   cm , Δ z < 2 . 13   cm


   𝜃  x z < 0 . 5 ,    𝜃  R y < 0 . 4
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   𝜒  l o c a l 2 > 36


  9 <  𝜒  l o c a l 2 < 36


   


   𝜒  l o c a l 2 > 36


   𝜒 2 / ndf


  𝝈 ~ 𝟒   %


  𝝈 ~ 𝟎 . 𝟑

