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|ntroduction

U General strategy isto use Millepede for internal detector alignment
O VELO, using tracks reconstructed with VELO hits only
QIT, OT and IT-to-OT using hitsin IT/OT only

O Need to bring each sub-detector into relative alignment
O VELOto IT/OT
Q VELO/T/OT to TT
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Align IFT/OT to VELO

General Strategy.
U Perform relative VELO-to-1T/OT alignment using AX,AY at the center of

magnet and A6y,AB8, (each vs X, Y).
AX, AY, AB, AB, must all peak at 0 (vs X, Y, as well) for proper alignment

With magnet OFFE data the 7 relative misalignments can be determined

— 3 translations, rotation around Z axis, Shearing along X, Y, & Z scaling
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Simul ations

1 5000 minimum bias events
d P, > 20 GeV/c, VELO slopes< 100 mrad, T slopes < 200 mrad
J Canuse energy in calorimeter for magnet off data, If needed (E,,>10 GeV)
 Extract misalignments by fitting 1D distributions for:
= X offset: JAD,

=Y offset: AY
= X Rotation Angle: Ay

= Y Rotation Angle: AB,

= 7 Rotation Angle: AO=01—0y g o

= /7 offset: AZ = AX/Oy

= /7 scale: AScale, = (O - ©,VE-0) / O, VEO

Events generated with shifted geometries, reconstructed with nominal
- Magnet OFF & Magnet ON

AX, AY evaluated at the center of the dipole magnet




VELO-to-IT/OT - X Trandation, B=0

(1 mm X trans ation)
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\/EL O-to-IT/OT, B=0
2 mrad Z Rotation

Fit Vaue
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Miagnet ON, AX, AY', AZ, Ay

Trock Matching Before Correction — 0.25, —0.25, 4.0, 0.002, Field Of
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A second option

= \With B=0 data, could also project high
momentum tracksinto TT, I'T, OT and do a
residual-based alignment.

m Thismay be helpful, especially for OT,
where the L R ambiguity adds to the hit
confusion.

m Still needs to be explored




Alignment ofi Other Detectors

 After VELO and T-Stations brought into alignment, TT (Trigger
Tracker) isaligned to the VELO/T-Station system.
[ Residual-based alignment, work in progress here.
1 Other detectors rely on awell-aligned tracking system
 RICH most sensitive, see talk by Antonis Papanestis
O ECAL (HCAL) using electrons (hadrons)

1 Muon system using muon candidates
 Jhy for improved purity




Connection to the Global Frame

O Every fill, the VELO is“re-centered” on the beam.

UVELO motion controller gives VELO position to 10 um accuracy.
=>» Absolute coordinates of VELO only known to this accuracy.

O Sincerest of detector isaligned to VELO, absolute LHCDb coordinate are only
known to ~10 um.

O Thisisfine, since relative aignments, where needed (e.g. VELO), will be
much better than this.

S0, what defines the absol ute coordinate system?
(O Defineit at the beginning of the run
 Then, track changes using the readback from the motion controller




Summary

d VELO well advanced on implementation and misalignment
studies

O Further development of algorithms and infrastructure for
I'T, OT, TT in progress. Expect results soon...

O Aim for acommon set of toolsinterfaces shared by various
alignment tasks.

] Need to automate the alignment tasks, as they will run in real
time, online.

 Online alignment important for trigger, but pretty robust against
small misalignments.




