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The ATLAS experiment is equipped with a tracking system foarged particles built on two

technologies: silicon and drift tube base detectors. Thewkof detectors compose the ATLAS
Inner Detector (ID). The Alignment of the ATLAS ID trackingstem requires the determination
of almost 36000 degrees of freedom. From the tracking pdiwiswy, the alignment parameters
should be know to a few microns precision. This permits taiatbptimal measurements of the
parameters of the charged particles trajectories, thusliegaATLAS to achieve its physics goals.
The implementation of the alignment software, its framéwaord the data flow will be discussed.
Special attention will be paid to the recent challenges wlange scale computing simulation of
the ATLAS detector has been performed, mimicking the ATLA®m@tion, which is going to be

very important for the LHC startup scenario. The alignmesuit for several challenges (real
cosmic ray data taking and computing system commissiomiiblpe also reported.
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1. Introduction

ATLAS (A Toroidal LHC Apparatus)[1] is one of two multi-purpose detes built to study the
LHC (Large Hadron Collider) physics[2]. The LHC is a hadmomachine that will collide protons
with a center-of-mass energy of 14 TeV, 40MHz rate and a ddsiminosity of 1§4cm—2s1.

The Inner Detector (ID)[3] is the inner most
detector tracker of ATLAS. It is designed to pro-
vide hermetic and robust pattern recognition, ex-
cellent momentum resolution and both primary
and secondary vertex reconstruction for charged §
tracks. The ID is made of three sub-detectors: §
Pixel, SCT (Semiconductor Tracker) and TRT
(Transition Radiation Tracker). The Pixel detec-
tor main contribution is to help with the impact
parameter determination, thus the vertex recon-
struction. The modules are composed by pixels Figure1: View of the ATLAS Inner Detector
with (50x400um? of size and an intrinsic reso-
lution of 10x115um?. The SCT detector helps in the measurement of the particlaenta and
uses micro-strips silicon sensors with a strip pitch oft80 Its intrinsic resolution is 17x58m
in r® and rz direction respectively. The TRT is the most externaldetector and it eases in the
pattern recognition and momentum measurement. The TRTupesd36 hits per track in average.
The technology used is based on straw tube elements with 4hdameter and variable length
depending on the zone of the detector. The intrinsic resolus 13Qum [4].

The ID has a cylindrical geometry, with a length of 6m and arditer of 2.3m. The solenoid
surrounding the TRT provides an axial B field of 2T. The thrale-detectors have the same layout,
several barrel layers around the beam axis and some didos entl-cap parts. The pixel detector
has 3 layers and 2x3 discs (1456 and 2x144 modules respggktiree SCT has 4 layers and 2x9
end-caps (2112 in the barrel and 2x998 in the end-caps) antR has 3 layers and 2x40 end-caps
(96 barrel module and 2x398 end-caps modules). The figurewssthe layout of the ID.

2. ATLASInner Detector Alignment Strategy

The ID is a complex system, with many sub-structures inagidhousands of modules which
need to be aligned. To achieve the expected ATLAS physiopagnce, the ID alignment require-
ments have been fixedThe knowledge of the alignment constants should not leadignéficant
degradation of the track parameters beyond the intrinsachker resolutiof{3]. In order to not
compromise the ATLAS physics goals, the allowed degradaifahe track parameters due to mis-
alignments has been settle to 20% maximum. Studies showvthaeed a resolution oftifn in
the Pixels and 12m in the SCT (in & direction)[5].

The strategy of the ID alignment has different steps. Fivsthave a knowledge of the structures
based on optical and mechanical survey information obtadhueing the detector assembly and in-
tegration. The survey of the ID was performed at differeméle (sectors, staves,...) independently
for each subsystem. The positions of these structures hesm imonitored during the assembly.
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The FSI (Frequency Scanning Interferometry) is a systenalled in the SCT detector. It is a
laser alignment system that provides a monitoring of thehamical stability of the detector. It is
based on a geodetic grid of length measurements betwees oodie SCT detector. This sys-
tem monitors the deformations of the large structures oro# $ime scale, every 10 minutes, and
provides measurements with a precision gfriialong each grid line anduBn in the 3 dimension
measurements. Although, the ultimate precision can beeaetiiusing track-based algorithms. All
track algorithms are based on track-hit residual infororatind have been implemented within the
ATLAS software framework (Athena). There are three aldgponis implemented to align the silicon
ID subsystem:

- Globalx?: Minimizes the x? function with respect to the track parameterg énd alignment
parametersd), built from the track residuals [6]:

-1

x2= Y r(ma)'Vvir(ma) = da=- ( > EW£> > EWr =M1y (2.1)
Tracks ’ ’ Tracks&ao ﬁao Tracksaao

whereda are the alignment parameters corrections. This methodhigssd residuals, works with

6 DoFs per module (3 translations and 3 rotations) and taledula correlations and multiple

Coulomb scattering into account. For the alignment of afirdes of freedom, the solution in-

volves the inversion of a big matrix M (3%35k). For this, matrix diagonalization has been used

and solved using parallel processing.

- Local x2: This method is based on t& definition given in equation 2.1. The current implemen-

tation uses the unbiased Distance Of Closest Approach idsiaés In the Locg{? the correlation

between modules is not considered. This makes the alignmainix 6x 6 block diagonal. There-

fore, solving the matrix is much faster. However more iiers are needed [7].

- Robust: It's based on centering the residual distributions takimm account the overlaps be-

tween adjacent modules. It aligns for 3 DoFs per module {(wiphane parameters). This method

needs even more iterations to converge [8].

Some algorithms presented here are based og3lieformation. There are some systematic
global deformations of the detector, callédeak Modesthat can leave thg\}r2 of the fitted track
almost unchanged. Global movements like telescope, bovending, twist, etc can produce a
bias of the track parameters and can affect the measurertiet . There are some possibilities
to overcome this problem: using cosmic ray events, beam-&atnts, a vertex and beam-spot
constraints, E/p constraint, invariant mass constragiternal surveys and the FSI system which
give extra information and help to remove the weak modes. éSointhese distortions have been
included in simulated events to study the impact on the physerformance.

3. Validation of the Alignment Algorithms

The alignment approaches have been tested in severalse®using simulated samples (CSC
and FDR) as well as tracks from cosmic rays (SR1 in 2006 anddttihe exercises during 2008).
3.1 CSC (Computing System Commissioning)

Within the CSC exercise a realistic ATLAS detector desmiptwvas simulated. For the ID,
the as-built geometry included misalignment of the difféi®ibsystems, distorted material and dis-
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torted magnetic field. The misalignment range is frénilmm) andZ’(0.1 mrad) for level 1 (mis-
alignment between pixel and SCT detectors) translationratadion respectively and’(100um)

and (1 mrad) for level 2 (misalignment between layers and diaasl)level 3 (module misalign-
ment).Simulated samples were produced under these amglitiThe alignment algorithms used
the same samples (multimuons, tops; AU, ...) to test the different approaches. Recently, other
samples simulating beam gas and beam halo events have besatgd using misaligned geome-
tries. These samples provide additional important infdionafor the end-caps alignment.

3.2 FDR (Full Dress Rehearsal)

The main objective of the FDR exercises was to test SeMmApot
The position of Beam Spot is

the offline chain during data taking. Several exercises have | determined using reconstructed

been undertaken during 2008. A dedicated data stream, {t}
idcalibration, composed by isolated tracks was defined. Silicon Alignment

In these exercises tracks from collision events and cosmic Align ;’:;:g:&i?: scT
ray data were combined in a single alignment solution. ] !

The outline of the alignment chain can be seen in figure

2. A new set of constants was produced within 24h and TRT ;:;Irﬁgrs\’tnrr:;:ctthe
checked using the ID alignment monitoring. This monitor- Lol g
ing tool uses information about the detector performance v
and physics observables (invariant mass of resonances) and £

] Global translation and rotation
validates the new set of constants. When the new constants |are removed using the Center Of

were accepted, they were uploaded into the database for -
the reprocessing of the events. Within the FDR exercises
new software scripts ran on the CERN Analysis Facility I Fliios Bl Shet |
and the analysis of the necessary resources to the align-

ment chain in a 24 hours loop and the timing tests were Figure2: Alignment FDR Chain
done.
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Figure 3: Residual distributions obtained from tracks from cosmig egents for Pixels local x residual
(left) and SCT residual (right). The width of the alignedtdisutions are 2@m and 2§:m respectively.
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3.3 Real Cosmic Data
m S

During the year 2008 the ATLAS ID collected reall | *pojetoeorens | U S o T 3
data from cosmic ray events. These data were usecgtg)oo;‘L"fgmﬁggtﬁs;metw *
exercise the various alignment approaches and to pgo-
duce alignment constants which improve the trackin!:g1500
performance. In March the SCT and TRT recorded
data in the pit for the first time and collected around 100
12k events without B field. The alignment algorithms 5,
were applied. Typical problems (noise occupancy, .
different trigger configuration,...) had to be tackled. %G e=Gi 02 -0 0> 0i GeGs
These data were used to obtain a very preliminary sefjgyre 4: Different of the impact f)gﬁg‘,ﬁg
of alignment constants for the barrel detector. Duringter between upper and lower segments.
September/October 2008 the complete ID collected a
large statistics sample (1.2M tracks, just for the silicaith and without B-field. New alignment
levels were implemented taking into account the half-stelid ladders of the pixel barrel to mimic
better the detector structures. During the alignment, al@tave bowing has been observed and
corrected. The residual distributions for Pixel and SCedietrs are shown in figure 3 and figure
4 shows the impact parameter when splitting the track in uapd lower segments.

0 Nominal geometry

[ENENIE AR I

4. Conclusion

The ID alignment uses survey information, a FSI and a traadet algorithms. The ID Align-
ment has been tested in various exercises, using simukatenmts and using cosmic tracks collected
at the surface and at the pit. The use of real cosmic ray datadvanitted to obtain a first set of
alignment constants for the real detector. In summary, theAS ID is ready to reconstruct the
charged particle tracks and it can be aligned with the firs€lddllision tracks.
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