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—> Vertex Detector (aka VELO) is a moving detector:

— Divided into two boxes containing 21
modules each. A module is a pair of two
sensors (r,0) bonded together (see
S.Blusk introduction for more details).

— During LHC beam injection, each box
is retracted by 3cm from its nominal
position.

— Then the boxes are moved back
close to the beam, and data taking
starts.
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— VELO position matters:

> LHCb first level trigger (Vertex Trigger) relies on a good
VELO positioning (LHCb note 2005-056).

= VELO alignment has thus to be checked after each fill (af /east
look at the residuals), and correction might be necessary.

> Alignment should be reasonably fast, as for the moment we don’t know
if we will need to align nothing or the whole VELO on a fill-to-fill basis...

b A precise and fast algorithm for VELO
software alignment is thus necessary
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2. The alignment procedure

— Software alignment is just a part of the story:

© Precision Mechanical Assembly

® System Metrology & Initial Alignment = Alignment Challenge and
Detector Calibration

© Software Alignment & Alignment Monitoring = Checking the residuals
after each fill, then perform a new alignment if necessary.

O Software Alignment for offline data processing = Final ‘best precision’
alignment.
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— About the mechanical accuracies:

— Box positioning estimates:

— 50 microns accuracies for translations, 50 Lirad for rotations.
— Position reproducibility of 10 microns.

= Expected accuracies for modules and sensors:

— Sensor are positioned on a same module with ~10 microns accuracy (values
measured on the first production modules)

— Module will be positioned within a box with ~20 microns accuracy

— Temperature and vacuum effects still have to be investigated
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— How to define a strategy for software alignment ?

— Try to be conservative: for the moment we don'’t know if the modules are
moving when boxes are retracted, so we need to include module alignment.

— Try to be flexible: but if we don't need it, we should be able to turn it off
without any problems, so we need to separate the different alignment steps.

— Try to be fast and robust: we have to be able to process the alignment in
few minutes, constrained global fit method (via Millepede) seems a good
candidate.

— Linearize the problem: to use a global technique, we need to be able
convert VELO (r,0) information into a linear (X,Y) expression. Feasible as R
and ¢ sensors are bonded together within a module.
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— Vertex Module Definition:

8 mm

. 40.8 um inner tch1 1@1.6 um outer pitch
1
L

total 2048
Module Strips

R and ¢ sensors | -, .1 !

bonded together = s
_  Ames .
683 inner'strips (l)

39,3 um pitch

First approx: |
module = rigid body total 2048

strips

/1365 outer strips

96.6 um pitch

252 modules parameters + 12 box parameters
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—> The proposed method:

Step 1 Step 2
$tep O
mmm | Internally-aligned VELO | mummp Aligned VELO
Misaligned VELO Millepede applied on tracks Align the boxes using
(classic & hale) in the two Millepede again on primary
boxes vertices, overlapping tracks,...

= STEP1, along with preliminary results, is detailed in note LHCb-2005-101 .

STEP2 is described here (note in preparation):
http://ppewww.ph.gla.ac.uk/LHCb/VeloAlign/VeloApplication.html
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—> Alignment algorithm fow (integrated within LHCb software):

Retrieve Alignment Conditions —_— > Retrieve constants from CondDB

l All the alignment job properties (rmodules to
initialize() E—— align, constraints to apply,...) are set via
I jobOption:s files

InputTrack
\l/ Each track is selected and transformed into a
execute() —_— ‘Millepede-friendly’ track ((R/0)—space-points
conversion), using a TrackStore class.

AlignTrack Container

v

The two alignment steps are performed

finalize() using a Millepede C++ tool.
Update Alignment Conditions ——> Check and if OK update CondDB
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— Methodology for the tests:

— 200 runs of 2000 min. bias events were passed trough LHCb software with the following
’ misalignments scales (a// 6 degrees of freedom are taken into account at each level):

Y Translations (in um) | Rotations (in mrad)
o1 (5%, dy, 52) (5ct, 5B, &)
J .
5 B ﬁa M Od u Ie
7z 30 2
Z Box 100 2
857 Z

— Misaligned events are produced using alignment framework (see /. Palacios talk).

— No momentum cut applied for track selection (¢ry to rely on VELO information only)
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. “ OX — Only the 3 major DOFs are well
§n.nzi . .25 eg e o .
y: : dlll..“.-'““' corrected, sensl.t|f;|ty to other DOFs is
R of smaller, but this is expected.
Y E
— 1o After — Resolution on alignment constants
i gm Sy (with few 10000s tracks) are 3.8 LLm (6x
|||| U Jiwdinsieelll  ond 3y) and 0.3 mrad (5y)
s B L 5 Algorithm is fast (few minutes on a
» single CPU)
| 30.0065—
.I l 2 . Eo.nm;— SY
ED.OUZ:
|| l imjé_]"l.-lmﬂll“ — Improvement expected with the use of
] Fouf halo tracks.
= u I §l.ouu:—
e "o ety B
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— $TEP2: Box alignment (with primary vertices)
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CEDETNEd DISEL( ) Generated tilt (in rad)

— Use Millepede again, but local fit is now a PV fit using corrected track parameters...

— Resolution obtained is still not satisfying (~30 LM for offsets, ~90 urad
for tilts), but give the position of each box w.r.t. the beam.

— Still investigating possible improvements here....
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— $TEP2: Box alignment (with overlapping tracks)

EOT
E I
EOA:— \
> | \|\|\ I I I I I Overlap track
g 0_2:— . -
oF \\* > Classic (or Halo) track with at
mm:_ I I I I I \l\l\ least one space-point on the
: ~N other side
= ocoef- — Difficult to obtain in the VELO (lot of work necessary on
§°°°‘52' PR), but possible...
°°°°Z — Preliminary results (particle gun events) are encouraging,
ek ~10 UM for offsets and ~40 LLrad for tilts could be
O obtained, with very few clean tracks.
E O

ooggstunliuliubulibudinbuliludd - — But will not give VELO position w.r.t. the beam...

Generated Y tilt (in rad)
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—> Alignment Challenge and Detector Calibration (ACDC):

— Test beam using a 3 modules setup (aka ACDC2) in August.

RI0 RIO OIR

II beorn
o1 2

— Just enough to get tracks, and then residuals,
and then alignment...

— Alignment performed using ~8000 tracks (2% of the avail. datasef)with O°
incidence angle. Angled tracks will be included in the future.

— In parallel to the alignment process, a independent sample of 2000 tracks is
collected. Space-points residuals before and after alignment are determined using
this sample.
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—> The first ‘real’ VELO alignment:

| fla

1'I'__ 32/ naf 108.1/ 40 12/ ndf 224.3/33 % Meqn VCIlue Cifter Gllgnment IS
| Constant 90.23 £ 2.65 Censtant 1523+ 441 -
of (S T e close to zero, as expected, the code is
- Sigma 0,0423 + 0.0009 Sigma  0.02336 0.00032 . o o
of doing his job...

40:— X bef.

— Applying the corrections found
at the pattern recognition level
seems to improve the track quality.

o] 2,
01 005 O 005 01 015 02

o
015 01 005 -0 005 01 _Q o
Mean Y residual bef. alignment (in mm)

Mean X residual bet. alignp

0.2

¥ L ot I
o o N — Still a lot to understand here (e.g.
»t R (R sensor to sensor misalignments), but
te0f ‘25: that looks promising!
%.-2 ©015 01 005 -0 005 01 015 02 -?):2 -0.15 01 005 © 005 01 015 02
Mean X residual aft. alignment {in mmy}) Mean Y residual aft. alignment (in mm)

Space~points residuals for module 1
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4. \What's Next ?

8 = Nov.06 : ACDC3: beam tests with more
o modaules.
N
- —- > => Nov.06 to Feb.07 : ACDC’s analysis, try to fully

understand the results, learn the lessons for the real
experiment.

=> March/April 07 : The complete alignment software
is available into LHCb official software, ready for first
data.

=> Year 07 : Develop a method for the ‘final-precision’
alignment, taking sensor misalignments into account
(Kalman filter?)
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1. Something linear for the VELO

— Proposed solution:

Al

1. Take tracks and transform (R,)
coordinates into (X,Y,Z) ones.

2. Precisely known parameters are
q)(q)sensor)' l:chsensor)' ZR’ and Zq)' Should
we take Z; or Z, for the Z coordinate?

3. Right figure describes why we choose
ZR.

4. Assuming this, we could obtain a
precise (X,Y,Z) coordinate for each
(R,0) couple of clusters.

mm) ( VELO is ‘linearized’

Station Front view

R /7

] o
Station Side view

X : Rand ¢ clusters

111

¢(Rsensor) ¢(¢sensor)
R (Rsensor) * R (¢sensor)
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— Step 2 algorithm: ‘Millepede returns’

X,=m/Z + X, + global params
<
Y, =m/Z + Y, + global params

N~

/- Step 1: use coordinates in order to fit the tracks

Select events with at least (~

vy =m' v, + X, + global params

one track in each part <

vy = mlv, + Yo + global params

N~

Step 2: use track parameters (corrected acc. to step 1
results) in order to fit the primary vertex
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