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ACTS Detector System
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• The task is to create a track finder based on the cellular automaton for the end-cap part 
of the universal ACTS detector system.

3.2 Track Reconstruction

Figure 3.5: Channel occupancy for the CMS silicon Tracker in events from randomly selected
non-empty LHC bunch crossings. The average number of pile-up events is nine [81].

Kalman filter in CMS track reconstruction

When multiple measurements are compatible with the propagated state vector, tracking

becomes a combinatorial problem. The CMS tracking strategy is based on the Combina-

torial Kalman filter. The hits which are closest to the prediction in a suitable �2 statistics

are selected for the inclusion in the filter stage. This stage of the track reconstruction

goes under the name track building or pattern recognition.

The KF alternates the use of prediction and filter for each encountered layer. This process

continues until the propagation has reached the outermost layers, or a maximum number

of skipped layers is reached. If no hit is matched on a given layer, the KF prediction

is given the possibility to skip it and propagate to the next-to-next layer to improve

e�ciency.

In order to reduce the initial number of combinations to update and propagate, a track

segment called track seed needs to be computed. The seed provides an initial estimate of

the track parameters to be used as initial state vector by the Kalman filter in the track

building. Track seeding requires at least two hits and a hypothesis of the beam-spot region

or vertex, or three hits. Hits coming from the Pixel Detector are the optimal candidates

for the track seeding step as they provide precise three-dimensional measurements and
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ACTS Simulated Event
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• Hits of a simulated event in the full ACTS detector system is shown

Front view Side view
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ACTS Simulated Event
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• Simulated tracks in the full/end-cap detector system shown.

• The barrel and the end-cap parts of the detector system have common acceptance. 

• There is significant dependence between the acceptances of both parts.
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ACTS Cellular Automaton Track Finder
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• Integration of the Cellular Automaton track finder into the ACTS framework
• Track reconstruction in the end-cap detector system (only the right part is shown)
• Small overlap of inner and outer sub-detectors acceptances
• Requires precise Kalman Filter track fit of segments within the track finder

Front view Side view
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ACTS::GenericDetector - end-cap
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Pixel

Strip

• The inner part of the detector system build of pixel stations.
• The outer part of the detector system build of strip stations.
• Common approach in CA track finder and KF track fitter to both detector systems.
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CA Track Finder in ACTS
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Common structure:

ACTS_source_folder/

- …

- Examples/


- Algorithms/

- L1/ActsExamples/ 

- L1Algo/ 
- vectors/ 

- L1Functions/ 
- L1Performance/


- …

- Run/


- L1/

- …

Internal classes and functions of the L1 (Level-1, 
online) library. Provides a direct process of 
searching and fitting tracks. Does not use ACTS 
functions and is a standalone library (excluding 
ROOT classes for drawing and timer).

Headers for overloading of SSE SIMD intrinsics.

ACTS interfaces for working with L1 functionality. 
Load input data, run functions, store results.

Collecting statistics and evaluating the quality of 
tracking and fitting.

Test macro to start the reconstruction chain.
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ACTS Kalman Filter Track Fit
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• An ideal track finder was implemented to test all steps of the reconstruction procedure.
• We also adapted the ACTS Kalman Filter track fit for use in the CA track finder.
• A strong correlation between the simulated and reconstructed moments of (real) reconstructed tracks was shown.
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ACTS Magnetic Field

9

• Magnetic field is approximated locally at each station

• Approximation with 5-th order polynomial

• Magnetic field between stations is calculated using parabola (triplet fit)
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Kalman Filter - last pont - 1 iteration - Pixel detector - Scalar
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Kalman Filter - last pont - 1 iteration - Pixel detector - SIMD
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Kalman Filter - last pont - 1 iteration - Strip detector - Scalar
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Kalman Filter - last pont - 1 iteration - Strip detector - SIMD
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ACTS Reconstructed Event (Dublets/Scalar)
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• SIMD and OpenMP CA track finder implemented as well

Low track multiplicity
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ACTS Reconstructed Event (Triplets/Scalar)

15

Low track multiplicity

• SIMD and OpenMP CA track finder implemented as well
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ACTS Reconstructed Event (Tracks/Scalar)

16

Low track multiplicity

• SIMD and OpenMP CA track finder implemented as well
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ACTS Reconstructed Event (Dublets/Scalar)

17

• SIMD and OpenMP CA track finder implemented as well

High track multiplicity
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ACTS Reconstructed Event (Triplets/Scalar)
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High track multiplicity

• SIMD and OpenMP CA track finder implemented as well
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ACTS Reconstructed Event (Tracks/Scalar)
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High track multiplicity

• SIMD and OpenMP CA track finder implemented as well
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CA Tracking Efficiency (SIMD)

20

High track multiplicity
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Summary

21

• Developed a track finder based on the Cellular Automaton for track searching in the end-cap part of the ACTS detector.
• The procedure of track fitting based on the Kalman Filter was created.
• A procedure for approximating the magnetic field for its fast calculation during track fitting was created.
• The data structures suitable for working with parallel data streams are developed.
• The CA algorithm is vectorized (SIMD) using SSE and AVX instruction sets.
• The CA algorithm is parallelized (inside event) between CPU cores using OpenMP directives. 
• Interfaces to operate with any detector systems inside ACTS are created. 
• CA track finder and KF track fitter are integrated in ACTS, and documentation is also created.


