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Module geometry

1744 modules
1 60.8x16.4 mm

SCT barrel = : : divided in 16 chips
2112 double-layer 1 46080 pixels,
modules SC endcap each 50x400 pm

a 768 strips, parallel 1 1976 double-layer
to beam modules

% 80 um pitch 2 768 strips

2 60-120 pum pitch
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Physics motivation for alignment

Alignment needs to be accurate to

@D 7 um (pixels) & 12 um (SCT)
to not degrade the track parameters by more
than 20%

@ <10 um for good high-p+ b-tagging
@ ~1 um to measure W-mass more precisely

than CDF
(ambitious!)
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Alignment

1 Hardware alignment:

— conventional survey:
measures structures to 10-100 um

— Interferometry (2 um disc to disc)
1 Software alignment:

— use reconstructed particle tracks
(beam or cosmic tracks)

— perform minimization algorithm
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Alignment using particle tracks

suse reconstructed tracks from many events
suse distribution of the residuals residual
to determine alignment parameters /
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robust ¥x? algorithm

linearized y2-minimization: RS N
o . error of the residuals
2 o ®2r%0 (definition of ¥?) a.: alignment parameters
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fic® =0 (condition for minimum)
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Alignment algorithm

1 solve these 6 linear equations for each
module: ! r
b+La=0

1 redo track reconstruction and alignment
procedure with newly found detector geometry
— this way all the modules get ,connected” to
each other

1 iterate as long as necessary to produce well-
aligned detector
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Simulation
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residual plots

Residuum in Xund Y
SCT Residual Histogram A-Side pm

Mean  0.01583
RMS 28.35
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Residuum in 3D (DOCA)

-qﬂlﬂ -80 60 -40 -20 0 20 40 60 380 100

Entries 11162
Mean  -1.127e-05
RMS 0.01203

With the residuals and their derivatives,

It is possible to determine alignment
parameters

-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 cm

Ringberg YS workshop 2005 Tobias Gottfert 10



. . ) :Aeal_'A\:alc
Pull distributions ™" s

| DOCA Pull-Distribution y | DOCA Pull-Distribution z DOCAPUT_Z
Entries 1000 Entries

Entries 1000
Mean 0.05649 Mesan  0.04421 Mean -D.03662
RMS 1434 RMS 0.9739 RMS 1.375

| DOCA Pull-Distribution x

| DOCA Pull-Distribution alpha | L o P20 DOCA Pull-Distribution beta DOCAPull_beta

| DOCA Pull-Distribution gamma |  [ocArulganma
Entries 1000 Entries 1000 Entries 1000
Mean  -0.001342 Mean -0.01573 Mean -0.02513
RMS 134 RMS 1285 RMS 1.361
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Conclusion

1 Inner detector alignment using robust ¥2
method seems possible up to a resolution
of a few pm

1 [teration algorithm can be used for pixel &
strip detector

1 SCT Is under implementation,
pixel at first studies
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