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Outline

* Structure cluster finder module
* Structure tracking module

* Tracking evaluation

* Results physics analysis
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BERKELEY LAB

Sector Layout
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TPC Layout

Sectors: 24 Inner and
Outer sectors

Inner pads: 13 rows,
2.85x11.5 mm

Outer pads: 32 rows,
6.2x19.5 mm

Clock Freqg: 9.4 MHz

Time buckets: +/- 400 AN . A RN YA

Drift Velocity: 54 w
cm/nsec
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Deconvolute Clusters

Mountain Finder

Fit 1solated cluster:

Three point Gaussian or
Weighted mean in pad
direction

Welghted mean in time
direction

Time bucket #
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Number of pads in a hit, Outer Sector p = .3 GeV
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Cosmic Data
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ToDo

* Test algorithms/ parameters
using TRS and real data

* Test performance, test cpu
usage, see star note SN0238




STAR TPC Tracking Software

lwona Sakre da
8 April 2000
STAR & ALICE Joint Software Meeting
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TPC Simulations and Analysis Chain
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Structure of the tpt Module -

Passl  All the dements switchable Pass2

Set up subdivision into Set up subdivision into
sub volumes sub volumes
overlappingin z overlappingin z
v 2 v
Form segments with % Form segmentswith
mapping % mapping
I C I
\ 4 g \ 4
Form segments with = Form segmentswith
linear extrapolation = linear extrapolation
: ’ :

Extend segments Extend segments
. 2 2
Merge spirals Merge spirals




Sub Divisions

Set up subdivision into
sub volumes
overlappingin z ++

‘N

Prediction always far from edges of a sub volume.

Within a padrow of a sector hitsare sorted in z,

each hit pointsto the next one.

Thereisasmooth transition across the central membrane.
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Root Formation

A freepoint isidentified, it becomes a seed.

In the outer sector hitsare connected if clustersthey belong to overlap in
pad and time-bucket space. Thereisno assumption about the position of the
primary vertex.

In theinner sector thereisa separation between padrows, so the connectivity
cannot be used.

A prediction is made based on the assumption that the track originated
at (0,0,0).

*All the hitswithin tolerance around this prediction ar e consider ed
candidates.

oFrom two hitsalinear prediction isformed (0,0,0 assumption dropped)
and for each pair, the best candidate is accepted.



~—Biasin Root Formation Z. Inner -

Sector

Vertex shift [cm] Bias[cm]
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Segment Formation With -

Conformal Mapping

*Track seed formation (so called roots), if requirementsare fulfilled a
handful of 3pt roots can start from 1 point.

*Roots are created in the X,y,z space

*All roots are extended and the best segment iskept (thispart only within 1
sector).

*Based on track parametersa prediction for the next row is calculated and
the best match is accepted.

*The mapping isused only to update the track parameters.
*Tolerances are expressed in terms of cluster width.
sGapsarelimited.

*Every timeahit isadded, track parameters are updated.

*At the end the assumption about the vertex in x-y isdropped and track is
re-fit asacircletline.



Form Segments Using Linear |
Extrapolation

*Track seed formation (so called roots), if requirementsare fulfilled a
handful of 3pt roots can start from 1 point.

*Roots are created in the X,y,z space (as befor e)

*All roots are extended and the best segment iskept (thispart only within 1
sector).

*Based on track parametersa prediction for the next row is calculated and
the best match is accepted.

*Uselinear extrapolation while extending track

|f anew point isadded the earliest one isdropped.
*Tolerances are expressed in terms of cluster width.
sGapsarelimited.

*Every timeahit isadded, track parameters are updated.

*At theend thetrack isre-fit asacircletline.
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Extend Segments

* All thehitsfrom the current passarereleased

* All the segmentsfrom the current passare sorted from the
longest to the shortest

* |f asegment has45 hits, it’sjust re-established

* A segment isextended within the sector where it was found
and in thetwo neighboring sectors (if predictions lead us
there)

* Reaultsof the helix fit areused for predictions

* |f pointsareadded, thetrack isrefit and the“losers’ are
updated - a stronger track can absorb a poor one

* Track that lost its hitsisflagged as negative




Track Fitting

Fast 2-component helix fit based on algorithm by
Chernov and Oskov

Circlefit in the x-y plane

Linefit in the s-z coordinates where sis the track length
along thecircle

Later on the track isre-fit with aproper covariance
matrix (Kalman fitting)
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Methods of Tracking Evaluation

* Analysisof cosmic and test data (residuals and momentum
distributions)

* Visual inspection of reconstructed events (DSV - Duncan
Prindle, university of Washington)

e Evaluation histogramsin root4star

* Matching tables
— tte_mctrk - oneentry per Monte Carlo track
— tte eval - oneentry per reconstructed track

* Global reconstruction (vertex, primary tracks)
* Physicsanalysis
* Timing
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EEEEEEEEEEE TPC Reconstructlon Test Runs -

Summer 99’ ~100K events
December 99° ~100K events
February/March 2000 ~1M events

During the 3 running periods
cosmic and laser events were taken
) with al the magnetic field

[ COnfigurations (full, half, no field).

Tested not only the detector, but
also the reconstruction chain,
calibrations and the Data Base
software.

Provided information for testing the
trigger, RICH, SVT
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Cosmic Ray in TPC and STAR
Trigger Detectors
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TPC Reconstruction - Lasers

Laser events were used to
verify the clock frequency
scalculate the drift velocity

smeasure the trigger offset

There are ~500 laser beamsin the
chamber and aradia pattern on
the central memebrane
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Resolution
Momentum resolution from cosmic data
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- 2track-cnly events ]
D35 | Oppositep, =
- number of hits = 20 * .

- ® Dzc 89 cosmic data
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o 2 4 3] 2] 0 12 14 18 1& 2

pr (GeVic)
Differences between the test results
and the Conceptual Design Report
(CDR) understood - specifications will
be met during Heavy lon runs

F. Wang 03/30/2000
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TPC Reconstruction - Position

Resolution

Sigma [cm]
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TPC Reconstruction - de/dx
Resolution

dE/dx resolution from Dec 99 cosmic data
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F. Wang
03/30/2000
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TPC Reconstruction - Test Runs

Beam gas events wer e reconstructed on the day they weretaken.
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Available Visualizations

M acr os from
Raimond

QTracks Q Tracks

M onitor

TPC tables

» Simple view and hits

File

Edit Mew DOptions  Inspect  Classes

=] B3

Help




Reconstruction of Simulated Data
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Efficiency as a function of momentum
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Efficitency AsaFunction of h
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| pzo/ptg {nfst-nfstm>88&&vid==1} htemp degrades with
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= For Venus
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soF averages at ~90%
- for central events
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Track Reconstruction Efficiency

vertex Zvs. efficiency TptrackVertexZEff
a-. Ment = 20
c — Mean x = 5.429
2 14— Mean y = 0.9651
% B BMSx = 17.38
@ - RMS y =0.02528
:il; E / 100%
g’ 1_ '. L[] N " : y 1 .
E u u u n [ |
Q -
- 08—
0.6—
- 90%
04—
0.2
u_l 111 | 111 1 | 111 1 | 1 1 1 1 | 111 1 | 111 1 I 1 1 1 1 I 111 1 I 111 1 | 1 1 1 1
-50 -40 -30 -20 -10 0 10 20 30 40 50

vertexZ CM

Track reconstruction efficiency at midrapidity as a function of the
position of Au + Au collision

Q.Li 03/30/2000
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Momentum Resol ution

(ssmulated momentum - reconstructed momentum)/(simulated momentum)

Fitted value of par[2]=Sigma

thg 2
- Nent =14
o |
— Mean =0.7182
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Vertex Resolution

Vertex resolution in z ih
— Nent = 38
6— Mean =-0.00238E
L RMS =0.02004
B Chiz/ndf=4.081/ 11
5— Constant = 4522 + 1.175
- Mean =-0.0035%%9+- 0.00422T7
4 — Sigma = 0.01955 + 0.005035
3
21—
1
n B 1 | | | | | | 1 | | 1 | | | | I\I | | | | | | | | | | |
-D.32 -D.2 -D.1 D 0.1 D.2 D2

(Input vertex - reconstructed vertex)



Timing on Rcasc017
RHIC BNL Computing Farm

TPC Only
e 400 tracks/event * 4000 tracks/event
tpt Maker - 0.9s tpt Maker - 12s
tpt module - 0.5s tpt module - 8s

15 % of total CPU for
A chain with TPC only

This numbers were obtained before we switched from the FORTRAN based geometry routines
to C++ StDbUtilities. Now Herb Ward is doing the timing.



Results of the Test Run Analysis and
Simulations Show Our Readinessto
Analyze Data in Summer of 2000.
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Azimuthal Angle pions With
Respect to the Reaction Plane

| Flow_Phi_Corr Sel2_Har2 | Nert - 83732

g e/ somm 7 | 60 events

5 12 k=2  =-0.01342 +- 0.2425| _

- - har = 24 19 1 minute of data
1.1: + i taki Nng
! 1 Full
0_9;' ni Jf B reconstruction
0.0k ] chain used
! . Put in 10%
% 2 '215' ~ :Ia found 8.9%

Particle-Plane Correlation (rad)
[ ThuJan201401:142000 &




