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Track Finding in Common Reconstruction Package

Consolidate Efforts: Common Reconstruction Package

I.Kisel

CA algorithm has been shown to be applicable to many different HEP experiments.

( CA algorithm is very good candidate for track reconstruction in the common reconstruction package j
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Tracking Challenge in CBM

1000 charged particles in central collision

2. Track reconstruction in STS/MVD and displaced =
vertex search are required in the level 1 trigger - T *

3. 10 Au+Au collisions/sec

LALUA 2 31033

4. Non-homogeneous magnetic field

NEIEIY

5. Double-sided strip detectors ,/ /'/ //
(85% fake space points) /ﬁ /T/

Very efficient, fast and flexible track finder algorithm is required
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Track Finding?

1000x10 Hits

Track finding: consider all reasonable combinations of hits; choose the best.

How to limit the combinatorics?

103% Combinations?

How to limit the combinatorics as much as possible, without losses of the correct combinations?

Cellular Automaton: Combine short track segments instead of hits.

29 Nov 2012

Igor Kulakov, CERN; Tracking workshop



Cellular Automaton (CA) Based Track Finding

Cellular Automaton: Combine short track segments instead of hits.

0. Hits (CBM) - i (; Hits . : *: ;E Detector layers j
i * .
' i & /ﬂr Hits J
1 s * 4 ¥
L Segments_ Cellular Automaton:
- Create cells (short track segments) basing
1000 Hits S on the track model.

- Switch from hits to cells.

- Find neighboring cells (adjacent cells
which can belong to one track)

- Connect only neighbors.

- Tree structures appear, collect cells into
track candidates.

- Select the best track candidates.

2. Neighbors & Counters

Neighbors

3. Track Candidates

Cellular Automaton:
+ efficient
* very fast
* local w.r.t. data |_
* intrinsically parallel
* very simple &

* generic W

4, Tracks

4, Tracks

1000 Tracks
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CBM Level 1 (L1) CA: Track Reconstruction Quality
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CBM L1 CA Track Finder shows 96% efficiency for signal tracks ]
Reconstructable track: All set: p = 0.1 GeV/c
AuAu 25 AGeV central; 2 MVD+8 STS; 11b; Statistic: 100 UrQMD events 2 4 consecutive MC points Fast set: p 2 1 Gev/c
1 core of Ixir075: 2.7 GHz, 24 MB L3 cache, 64 GB RAM Ghost: purity < 70%
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CBM L1 CA: Track Parameters Quality

CBM track parameters: r={xyt, t,q /p} Mion, tg of slopes, charge over momentum’

residuals m_ ﬁ e
Px = Lreco — Lme m o
pulls -t -1
Plx)= 22 - 1
v Cm: g i

resolution pull widths

X, Um | y, ym | t, 103 [ t,10% | p, % X y & L a/p
Sept 2012 5.3 5.4 0.30 | 0.32 098 | 095 | 0.9 | 0.68 | 0.70 | 1.36

1 Momentum resolution is about 1%. Pulls distribution shows correctness of the fitting procedure. l
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Scalability on Many-core System
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l/ The CA Track Finder shows strong scalability on many-core systems |

AuAu 25 AGeV mbias; 8 STS; Intel Threading Building Blocks
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CA Track Finder with Different Detector Geometries

CA has been used with success in such experiments as
HERA-B, NEMO, ALICE and STAR

v Track Finder is Cellular Automaton (CA) and Kalman Filter (KF) based
v CBM L1 CA was rewritten and applied to barrel geometry

v CA has exactly the same code for ITS, HFT and STS

¥ One common CA package

Generalized CA

CBM STS & MVD &

CA algorithm has been shown to be geometry independent ]
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ALICE ITS CA Track Finder Status

Hits are smeared around MC position according to
gaussian distribution with width 1 mm.

( ALICE ITS track finder has been developed based on the CA algorithm )
p+p events, 7TeV
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ALICE ITS CA Track Finder Status

2;100— ------------ +H++++HLFJ(+ . . . . : Efficiency and ratios, %
= 1 1 ' ' ' ' '
: e T J[ J[ L Fast Primary 98.1
) RORREEET TECPERE et Bt ROEEE s BRCEEEETERRERE .
o ! Slow Primary 90.2
60_3r____§ _______ _______ _______ _______ _______ ________ Fast Secondary 92.2
I | | | | | | | | Slow Secondary 68.7
T S e T S All Tracks 75.3
L Clone 0.0
£ e s St A S i e
- - : : Ghost 1.3
H A A A A A A A A :
0_I 11 1 i 111 | i 11 1 1 i 11 1 1 i 11 1 1 i 111 1 i 111 1 i 11 1 | i 111 | i 11 1 1 TraCkS/eV 8
0 0.5 1 15 2 25 3 35 4 4.5 5
Momentum [GeV/c] Time, S /EV 012
p+p events, 7GeV; Statistic: 1000 events Reconstructable track: All set: p = 0.05 GeV/c
1 core of Intel Core i7, 2 GHz, 4 MB L3 cache, 8 GB RAM 4 consecutive MC points Fast set: p>1GeV/c
Ghost: purity < 70%

The STAR HFT CA track finder shows 98% efficiency for signal tracks
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STAR HFT CA Track Finder Performance

| STAR HFT track finder has been developed based on the CA algorithm

central Au+Au events, central, 200GeV

29 Nov 2012 Igor Kulakoy, GERN; Tracking'workshop



STAR HFT CA Track Finder Performance
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AuAu 200 GeV central; Statistic: 5 events Reconstructable track: All set: p = 0.05 GeV/c
1 core of Intel Core i7, 2 GHz, 4 MB L3 cache, 8 GB RAM 4 consecutive MC points Fast set: p > 1 GeV/c
Ghost: purity < 70%

The STAR HFT CA track finder shows 95% efficiency for signal tracks
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CBM STS CA Track Finder Performance

Au+Au events, mbias, 25 AGeV

Efficiency and ratios, %
Long Fast Prim Set 98.1
Fast Prim Set 81.5 High efficiency for long signal tracks.
Clone 0.7 Further improvements are required.
Ghost 0.6
Tracks/ev 119
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v' CBM L1 CA Track Finder shows 98% efficiency

v CATrack Finder has been shown to be geometry independent. It shows efficiency on the level of 98% for:

v ALICEITS

v STARHFT

vy CBM STS
Plans:

= Development of unified CA track finder
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Thank you!



Back up



CBM Detector setup




Track fit: Optimal estimation of the track parameters according to hits — Kalman Filter (KF)

Initializing

Precision X

KF Block-diagram 1  Initial estimates

z Prediction j
—_

| for rpand ',

Prediction step Filtering step

State estimate I,
Error covariance C,

KF as a recursive least squares method

¥ comecton ]
orrection
- 5 ;‘\ Detector layers j

parameters
P — Precision

State vector @wmn and momentum

I“={XIYIzIpxlpylpz}

Kalman Filter:

1. Start with an arbitrary initialization.

2. Add one hit after another.

3. Improve the state vector.

4. Get the optimal parameters after the last hit.



