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Time' Projection Chamier

HV electrode (100 kV)

field cage

readout chamber

(the largest ever build):
88 m3, 510 cm length, 250 cm radius
Ne (90%) + CO, (10%)
88 us drift time
159 pad rows
570312 pads - channels

DRIFT GAS
Ne/CO,/N,, (90/10/5)

Readout plane
segmentation

18 trapezoidal
sectors

each covering 20
degrees in azimuth

18 + 18 inner sectors

18 + 18 outer sectors

72 volumes to be aligned
Amm X 7.5 mm (inner)
6mm x 10.0 (15.0) (outer)

~ 1mm

~ 63 Inner sector
~ 96 outer sector




TRPC alignment - Requirements

=" The positioning of detector elements should be known on the level
better than precision of track parameters under ideal condition

(only stochastic processes, no systematic effects).
= High mementa tracks >20 GeV, inner volume of the TPC

= Sjgmay ~ 0.1 mm

= Sigma z~ 0.1 mm

= Sigma theta ~ 0.2 mrad

= Sigma phi ~ 0.2 mrad : : : :
Fast simulation study (no multiple scatterng,
energy less, hemoegenous magnetic field) - given
precision obtained using sample of ~ 2000 tracks
PEr Sector
Current TRPC commissiening data with; 2 Seciors
connecied at once — indication relative alignment ~
100 microns

TPC data with all sectors connected will be
available ink March; 2007




Trrack based alignment for ALICE
TPC

= Strategy:
1. Relative alignment of pairs of sectors — minimization of
the chi2 distance between track extrapolation from
sector k to space point at sector I (Kik)

. Find the set of correction constants Ci for each sector

K and C transformation
*Currently - 6 alignment
parameters
3
translations
OX oy 0z
3 (small) rotations ox

oy 0.z




Residuals minimization

= Fast linear minimization:
= Assume small mis-alignment rotation angles:
— linear transformation
= Sufficient precision assuming angles ~mrad
= \What we minimize:

2=~ TP Ve +Vy, ) (F~F - T(F,) D)

where:

te’ — track extrapolation poeint;

'SP’ — space-point at peint;

‘P’ - Veclor off transformation parameters
(8l transiation, 3 retatien)




Space-points

= Space points
= X,Y,Z—In the global
coordinate system
= Full covariance matrix [
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Track extrapolation point

= After the track is fitted, it Is
extrapolated to each space-
point of the sector to be
aligned:

= Calculate the crossing point on
the reference plane

= Assume straight line in the
Vicinity. of the space-point
= Calculate the track inclination
angles and construct the :
COV.matrix: e
= rack extiapolation poeint Is

allewed tormoeve only aleng the
track trajectony,

—




Robust fltter
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Least Trimmed Sguares regression (LTS)

= The idea ofi the methed is to find the fitting ceefficients for a sulbset of h
ohservations (out of m) with the smallest sum| off squared residuals. The
Size ofi the sulbset h should lie between (npoints + nparameters +1)/2 and
n;, and represents the minimal number off goed points in the dataset.

TThe method used here Is based on the article andlalgerithm: “Cemputing
LTS Regression for LLange Data Sets™ by P.J.Reusseeuw: andl Katrien \VVan
Driessen

= ROOT TlinearEitter implementation used




*Collision, cosmics and laser tracks
populate different parts of global
covariance matrix ! reduce correlations!




Left — right alignment (sector 0-1.7)
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Data sample

*Full Monte-Carlo simulation
*High momenta tracks
+~240.000 laser tracks
+~200.000 cosmic tracks
«Collision tracks ~15.000 pp events
>
«~ 1000-6000 tracks for inner-outer alignment

«~ 500-6000 tracks for plus-minus alignment

eData volume:
1.7 GBY file
*~500000 tracks

*67 million points




Minus — plus alignment

Plus-minus alignment




Results: Robust minimization

Ar (alignment) Ar [Ar¢ (alignment) ] Ard [AZ (alignment) | AZ

Entries 36 Entries 36 Entries 36

4 Mean -0.02725 Mean -0.004805 6 Mean 1.371e-17

RMS  0.01966 RMS  0.02126 RMS 0.0169
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4 Mean 0.0001478 Mean 0.003923 3 Mean -0.001274
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Results: Standard minimization
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[ArotX (alignment) | ArotX (alignment) | ArotY (alignment) | ArotZ

Entries 36 Entries 36 Entries 36

3 Mean -0.003412 Mean  -0.02026 2 Mean 0.04941

RMS 0.2948 RMS 0.1588 1.8 RMS  0.364
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Results.

drg(mm) dz(mm)

o U o U
Robust 0.21 -0.04 0.21

Linear 0.59 -0.16 0.81

Translation

Rotation

drotx(mrad) droty(mrad) drotz(mrad)

i c W o W o
Robust 0.0001 0.126 0.0039 0.067  -0.0013 0.188

Linear -0.003 0.295 -0.02 0.159 0.049 0.364

Observed systematic shift in radial (270 microns) direction due low momenta
tracks used for left-right alignment. The magnitude of systematic shifts scale
momentum cut. To some extend the effect can be cured using robust fitting.

Further test with Kalman filter instead of the Rieman sphere fitting




Future Plans

= Presented results using tracks generated with
fiull MC chain

= The imperfection of wdrift, time 0 determination and
EXB effect neglected

= Will be included in the next develepment stage

= Next stepi- use test TPC data (availanle in
Mareh 2007)




