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ACTS Detector System

CMS Vs =7 Tev ,
~ 140 107 >
5 N N NN NN 7 /7SS 2
g N 1.4 1.2 1.0 -08 -06 -04 -02 00 02 04 06 0.8 1.0 1.2 1.4 7 o
120 -1.6 1.6 g
n — o
B o
AN e o
- —_— _ 1073 }:"
80 — .2.0 I e — — —" 2-0 o
~N -~
60 L 2.2 2.2
.24 - — - = - | 247
40 _\-2.6 2.6 -
.28 28~ 104
3.0 3.0
20
=11
0300 2200 7100 0 100 200 300
z (cm)
ElZOO T T T T 1 T b=t I 0|'5| | .1 T |1'|5 ] T
5 B , _
“ - ] i -
) N S
1000— ' —
— - 2.0
— | | | | | Long Strips It | | | | I
1 T S A
800— —
- bl Rl el el Rl N I R e Tt et et |
600 __ ’ Short Strips i s
400— ‘ ' |
B |——- ——I — 3.0
200— — = ———————— ——
- | e -
— Pixels | | I | ]
- | | | | | I | | | 1
O | | [ | | | [ | | | | [ | | | | i | | | [ | | | | | 1 | | | | 1 |
—-3000 —2000 -1000 0 1000 2000 3000
Z [mm]

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



ACTS Simulated Event
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* Hits of a simulated event in the full ACTS detector system is shown
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ACTS Simulated Event

«  Simulated tracks in the full/lend-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.



ACTS Cellular Automaton Track Finder

Front view Side view

* 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




ACTS::GenericDetector - end-cap

Strip

Pixel

* 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.



CA Track Finder in ACTS

Common structure: Internal classes and functions of the L1 (Level-1,
ACTS source folder/ online) library. Provides a direct process of

- ~ searching and fitting tracks. Does not use ACTS
functions and is a standalone library (excluding

- Examples/ ROOT classes for drawing and timer).
- Algorithms/ _ —
- L1/ActsExamples/ Headers for overloading of SSE SIMD intrinsics.
- [L1Al
go/ ACTS interfaces for working with L1 functionality.
- | vectors/ / Load input data, run functions, store resulits.
- |L1Functions/
- |IL1Performance/ Collecting statistics and evaluating the quality of
_ tracking and fitting.
- Run/ ; Test macro to start the reconstruction chain.
- L1
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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.



ACTS Magnetic Field
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+  Magnetic field is approximated locally at each station
«  Approximation with 5-th order polynomial

- Magnetic field between stations is calculated using parabola (triplet fit)



Kalman Filter - last

pont - 1 iteration - Pixel detector - Scalar
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Kalman Fil
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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)

Low track multiplicity

// /ﬁ //\\ | \i\\\
7Ly

«  SIMD and OpenMP CA track finder implemented as well




ACTS Reconstructed Event (Triplets/Scalar)

Low track multiplicity

«  SIMD and OpenMP CA track finder implemented as well




ACTS Reconstructed Event (Tracks/Scalar)

Low track multiplicity
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«  SIMD and OpenMP CA track finder implemented as well




High track multiplicity

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

High track multiplicity

SIMD and OpenMP CA track finder implemented as well




ACTS Reconstructed Event (Tracks/Scalar)

High track multiplicity

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

- 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.

« CAtrack finder and KF track fitter are integrated in ACTS, and documentation is also created.
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