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ATLAS inner detector ATLAS inner detector 

alignmentalignment

Tobias GTobias Gööttfertttfert



RingbergRingberg YS workshop 2005YS workshop 2005 Tobias GTobias Gööttfertttfert 22

Inner detectorInner detector
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Module Module geometrygeometry

SCT SCT barrelbarrel

2112 2112 doubledouble--layerlayer

modulesmodules

768 768 stripsstrips, parallel , parallel 

to to beambeam

80 80 µµm m pitchpitch

SCT SCT endcapendcap

1976 1976 doubledouble--layerlayer

modulesmodules

768 768 stripsstrips

6060--120 120 µµm m pitchpitch

pixelpixel

1744 1744 modulesmodules

60.8x16.4 mm60.8x16.4 mm

divideddivided in 16 in 16 chipschips

46080 46080 pixelspixels,,

eacheach 50x400 50x400 µµmm



RingbergRingberg YS workshop 2005YS workshop 2005 Tobias GTobias Gööttfertttfert 44

PhysicsPhysics motivationmotivation forfor alignmentalignment

Alignment needs to be accurate toAlignment needs to be accurate to

ØØ 7 7 µµm (pixels) & 12 m (pixels) & 12 µµm (SCT)m (SCT)

to not degrade the track parameters by more to not degrade the track parameters by more 

than 20%than 20%

ØØ <10 <10 µµm for good highm for good high--pp
TT

bb--taggingtagging

ØØ ~1 ~1 µµm to measure Wm to measure W--mass more precisely mass more precisely 

than CDFthan CDF

(ambitious!)(ambitious!)



RingbergRingberg YS workshop 2005YS workshop 2005 Tobias GTobias Gööttfertttfert 55

AlignmentAlignment

Hardware Hardware alignmentalignment::

–– conventionalconventional surveysurvey::

measuresmeasures structuresstructures to 10to 10--100 100 µµmm

–– interferometryinterferometry (2 (2 µµm m discdisc to to discdisc))

Software Software alignmentalignment::

–– useuse reconstructedreconstructed particleparticle trackstracks

((beambeam oror cosmiccosmic trackstracks))

–– performperform minimizationminimization algorithmalgorithm
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AlignmentAlignment usingusing particleparticle trackstracks

residual

residual

#
 
o
f
 
h

i
t
s

•use reconstructed tracks from many events

•use distribution of the residuals

to determine alignment parameters

reconstructed track

different approaches:

• robust align

• robust ²

• global ²

real track
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robust ² algorithmalgorithm

linearizedlinearized ²²--minimization:minimization:
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:  error of the residuals
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(definition of ²)

(condition for minimum)

(linear Taylor expansion)
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AlignmentAlignment algorithmalgorithm

solvesolve thesethese 6 linear 6 linear equationsequations forfor eacheach

modulemodule::

redoredo tracktrack reconstructionreconstruction and and alignmentalignment

procedureprocedure withwith newlynewly foundfound detectordetector geometrygeometry

thisthis way all way all thethe modulesmodules getget „„connectedconnected““ to to 

eacheach otherother

iterateiterate as as longlong as as necessarynecessary to to produceproduce wellwell--

alignedaligned detectordetector

0=Λ+ ab

rr
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SimulationSimulation

investigateinvestigate algorithmalgorithm on simple on simple pixelpixel geometrygeometry

cm

cm
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residual plotsresidual plots

WithWith thethe residualsresiduals and and theirtheir derivativesderivatives,,

itit isis possiblepossible to to determinedetermine alignmentalignment

parametersparameters

cm

cm

SCT

pixel
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Pull Pull distributionsdistributions σ

calcreal
AA

Pull

−
=
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ConclusionConclusion

Inner Inner detectordetector alignmentalignment usingusing robust robust ²

methodmethod seemsseems possiblepossible up to a up to a resolutionresolution

of a of a fewfew µµmm

Iteration Iteration algorithmalgorithm cancan bebe usedused forfor pixelpixel & & 

stripstrip detectordetector

SCT SCT isis underunder implementationimplementation,,

pixelpixel at at firstfirst studiesstudies


