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Abstract 3 layers of chambe
ATLAS is a particle detector which will be built at

CERN (Geneva) at the Large Hadron Collider (LHC)
accelerator. The ATLAS barrel muon spectrometer is
made up of 600 chambers positioned in three layers
embedded in a toroidal magnetic field. Thus eactonmu
track is detected by three muon chambers within a
projective tower performing a sagitta measuremémt.
order not to deteriorate the sagitta measurenmeatyon
chamber position must be known within a tower wath
spatial resolution of 3@m.

A short introduction on the alignment of the expent Figure1: The ATLASdetector (left)
is given in the first section, the second and tisiedtions and a muon chamber (right).
are respectively devoted to the PRAXIAL and
REFERENCE alignment systems. In the fourth section, 2 The Barrd Alignment System
ASAP, the software package written to reconstrbet t
spatial position of the chamber in the muon spectter
will be described.

The ATLAS barrel spectrometer alignment system is
made of six different alignment types:
1. The IN-PLANE alignment which measures chamber

internal deformation.
1THEALIGNMENT OF THEATLAS 2. The PROJECTIVE system which gives the chamber

MUON SPECTROMETER position within a tower.
3. The PRAXIAL system composed of two parts:

1.1 The Muon Spectrometer 3.1. The PROXIMITY part which gives the position

The ATLAS experiment (see Fig. 1), is a detectondpe of one chamber with respect to the neighbouring
built on the LHC collider [1] at CERN [2]. The LH@ill one.
provide proton-proton interactions with a centrenudss 3.2. The AXIAL part controls the saloon door effect
energy of 14.185 eV. One of the physics goals is to detect of chambers relative position within a layer.
the hypothetic Higgs boson. Despite the fact that i4. The REFERENCE system used to link a sector of
existence is crucial for the particle physics Stadd chambers to the neighbouring sector and to the coil

Model, it has not yet been observed. The Higgsigiart 5. The CCC system which connects large chambers to
may decay through two°Zparticles each decaying into small chambers since the lasts are not individually
two leptons: e.g. muons or electrons. Thus the ASLA  aligned with the PROJECTIVE and REFERENCE
spectrometer is particularly important. systems.

The muon momentum measurement in the ATLA®. The BIR-BIM system used on the feet region of the
muon spectrometer aims at an accuracy of the muon experiment due to special muon chambers layout.
sagitta with the order of 10% for 1 TeV muon. Aisth To fulfil this alignment, 7500 sensors were elaleda A
energy the resolution is dominated by chamber tsagitkind of sensor is developed according to each algnt
resolution which is about 4@n. Thus the sagitta System. And for each kind of sensor, we have aofot
resolution coming from (mis)alignment should noteed ~different types.

30um. To fulfil this precision, several alignment serss  All these alignment systems may be divided in two
have been designed. categories of individual optical sensor: the Rasyi&tem

and the Sacam and Sacled system which are desdnibed
next sections.

! Corresponding authovalerie.gautard@cea, f{33)-1-69-08-45-96
2 Corresponding authoalrichar @dapnia.cea,f33)-1-69-08-63-33




1.3 The Rasnik Sensor 2. THE PRAXIAL

The Rasnik sensor (Red Alignment System of The PRAXIAL system is composed by two different
NIKHEF) has been developed by the NIKHEF institute parts: the PROXIMITY and the AXIAL part (see seatio
Amsterdam [3, 4]. It measures the relative positiod.2 and Fig.4). We will focuse on the proximity paee
between three elements: a modified chessboardripattg5] for the axial part.
mask lightened by infrared LEDs, seen by a camera
through a lens (see Fig. 2).

This optical system measures four parameters: fthe 2
transverse position with an accuracy ofi®2; the optical
magpnification on the camera with an accuracy bel6
and finally the relative angle along the opticalisax
between the mask line and the camera pixels litle &n
accuracy of the order of 1ffad.
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Camera Figure 4: PRAXIAL sensor: PROXIMITY part (bottom)
and the AXIAL part (top). For the PROXIMITY part the
same components ar e positioned on the neighbouring
chamber.

Remember the PROXIMITY gives the position of one
chamber with respect to the neighbouring one. e
at Saclay [6], it is composed of two crossed RASNIK
The optical components are mounted on two mechlanica
supports each positioned on two neighbouring chambe

Figure 2: The RASNIK Sensor. (see Fig. 5). _ N
Both RASNIK gives four measurements permitting to

An online software called ICARAS drives the infrare calculate the six degrees of freedom describing the
LEDs and the camera, through a RS232 device. THhelative position of one element with respect te tther
image of the coded mask seen by the camera is theme. The wanted resolution is 48 for translations and
digitised through a frame-grabber card and the fourlOQurad for rotations in a range of £5mm and +5mrad.
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coordinates of the system are computed. As it is impossible to mount the optical components
with this accuracy, we have to perform a calibratd the
1.4 The Sacam and Sacled Sensor PROXIMITY part.

The Sacam and Sacled sensor consists of a camera
embedded together with a lens in a mechanical box
(called Sacam) looking to a set of four illuminateales
(called Sacled) (see fig 3). For some optical litles
illuminated holes can surround the lens of the atdbd
camera resulting to a situation where two cameras a
facing to each other.

The measured quantities by the Sacam and Sacled
sensors are the two transverse positions with ctédpe

the optical axis. Two other parameters are meastined Figure5: top view of the PROXIMITY part. The

rota_ltion ar_lgle of the iIIumingFed _holes with regpecthe two crossed RASNIK componentsare clearly seen. In
optical axis and the magnification of the recongid real life each mechanical support seats on two
holes on the camera. So the Sacam and Sacled sensor neighbouring chambers.

measure the same quantities as the Rasnik sensor.

We developed an ane}lysis r_nodule which determines,o goal of the calibration is to determine a tfens
these 4 parameters (see in section 3). matrix P used to compute the position between two
neighbouring chambers. P is a 6x8 matrix: 6 froe 6h
degrees of freedom and 8 from the 2x4 RASNIK sensor
data. The calibration process is described in [6].

As we have different distances between the chanibers
the ATLAS experiment, we have sensors of different
types. Indeed, for short distances (~20mm between
Figure 3: Two points system: The camera, called neighbouring chambers) the two crossed RASNIK make

Sacam is embedded together with alensin a an angle of 25 degrees, while for large distancgst6

mechanical box and isfacing with four illuminated ~ 370mm between neighbouring chambers) the opening
holes, called Sacled angle is only 14 degrees. As the two crossed RASMNEK
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more and more parallel, the resolution on somestaéion the mask and the magnification. It is fully compdi
is degraded. Also the RASNIK magnification variatim  with the software of the RASNIK system. Due to the
the last configuration deteriorates the final sensa@omplexity of the optical sensors immediate envinent
resolution. in the ATLAS experiment, noisy spots often appear o
Up to now, we have calibrated all PROXIMITY pairs.SACLED images.
The PROXIMITY sensor resolution varies with the
distance between two neighbouring chambers. We have
resolution better than 10m on translations (see fig. 6)
and 100prad on rotations for the sensors on chambers
close to each other. For the sensors on chambéhs wi
large distance in-between (up to 370mm) the rewiut
along this axis is deteriorated and is only 80
We studied the stability by calibrating successiveke
same PRAXIAL sensor. We found that the stability is
below 3%. We also tested the reproducibility by

calibrating the same PRAXIAL sensor at differentds. ) " ) o
We found that the reproducibility is below 6%. To wipe out parasitic spots, the image analysis is

We conclude that these calibrations fulfil ATLASdIvided into two parts: bad spots filtering anddcpots
requirements. location. To differentiate good spots from noisptspwe

proposed a method based on angle recognition. e&ngl

® are invariant by translation, rotation or homottesio we

¢ can compute the angle of each triangle obtainet thig

- NI mask holes in their well-known nominal positionsda
= il %: T then compare it with those obtained from the stuldie
FSFSEPSES PSP S image. Spots are classified and the four best spas

) rea 2 considered to be the good ones. A spot is in fafgvwa

Figure 6: Resolution of 500 PROXIMITY sensors pixel§ large, to . determine preci_sely the spot eentr
along z axis (Ieft, in pm) and on 8z (right, in mrad). In location we considered that a luminous spot obthing

the ATLAS detector. Z is the distance between two the scattering of a back illuminated hole has
neighbouring chambér approximately a two dimensional Gaussian shape. For

computational time saving, we perform two one

dimensional Gaussian fit on the spot luminosit
3THE REFERENCE SYSTEM respectively projected on the X and Y axiz. The $3@n y

The reference alignment is used to link a sector @feak is obtained and considered as the spot centre.

chambers to its neighbor sectors and to the cbitah Knowing the spot location it is then easy to coreptlie

also allow PROJECTIVE system angle correctiondisplacement parameters.

Whereas most of the alignment system uses a tluie¢ p

system, the reference system is based on a twa poin ® N

system.The reference system has been developedrko w 7 b j B o E
with long distance measurements. It is made upaby ZQ_TQ t S |
linked camera and lens (called SACAM) looking at a .. o B e

target consisting of back illuminated holes (called —wee® _ _ ¥, I
ST D AT ey T

SACLED) (see Fig 7 and Fig 3).

Fia. 8 Two SACAM imaaesof a SACLED

Fig. 9: Optical monitoring of the barrel toroid
release

A calibration bench has been developed. It is
composed of three main parts: a marble table, a/@AC
holder and a SACLED holder. The SACAM or the
SACLED to be calibrated are set on the marble table
i their nominal position. Two calibrations are penfied:
Fig. 7: Photograph of a Sacam (left) and a one with a SACLED in front of a reference SACAMeth
Sacled (right) other one with a SACAM in front of a reference
SACLED. All the calibration procedure is monitorbg
aAbquisition software developed under Visual C++eTh
SACAM gain is automatically configured in order to
obtain non-saturated images with perfectly Gaussjant.
Image analysis results are stored in a data baségho
an ODBC link and the measured movement observed in

The image given by the camera is composed by
main spots and some noisy spots (see fig 8). A mima
library has been developed under Visual C++, ireotd
return the position of each main spot in the canframae,
the angle along the optical axis between the caraeda



the SACAM camera frame can be translated in the MDTwo reconstruction modes are available:

chamber frame. * Relative mode: This means that we calculate the
Between the 27and 38 of September 2005 the ATLAS change of the spectrometer geometry between
toroid has been mechanically released [7]. Thisasdd two times t1 and t2.

has been followed-up in real time using 44 refeeenc « Absolute mode: In this case ASAP has to predict
optical sensors with a frequency of one readoutye86 the spectrometer geometry using only one
seconds. The data have been processed in the barrel measurement. The absolute mode implies that
reconstruction program ASAP (see next section). we have to integrate a large amount of
Computational simulations of the toroid releasedfmted calibration constants.

an 18 mm shift of the top coils after the releasel7.6 ASAP has been tested in the muon SPS testbeam

mm shift has been measured with the reference raystaetup in H8 (2002-2004). With 6 Barrel and 6 Endcap

which is also in good agreement with the geometerey MDT chambers this setup corresponded to roughlyot%

(see fig 9). ATLAS. On different occasions MDT chambers were

moved and the ASAP reconstructed geometry wasded t

4 ASAP, RECONSTRUCTION SOFTWARE the muon reconstruction software MuonBoy. The neslid
After each cycle, the image analysis data ar%agittq hgd a dispers_ion- around @orin relative mode,

written into a database, commonly called Conditiof/e!l Within the specification ($3Qtm). For the barrel no

Database. The conversion of the image parametess iPsolute alignment has been tempted so far, asytoda

MDT positions and deformations is done by twg>°Me of the sensors are not fully calibrated.

alignment programs (Aramys for the endcap and ASAP

for the barrel). In the following, we will focus othe 5 CONCLUSION

ASAP program, keeping in mind that the principles a |n this paper, we have presented a part of thesstaft

the same for Aramys. the alignment system in the ATLAS muon barrel
The main feature of these software packages &pectrometer.

their precise description of the optical elemenithiwthe  |n particular, we have been described the PRAXIAL

detector, taking into account all the individuainser and the REFERENCE systems. A section is devoted to

calibration constants, which have previously beepSAP, the reconstructions software of the spatisifon

measured in the laboratories. Using this descrptiochamber. The first results are now successfullyiobt

ASAP converts the current sensor measurements irgQch as the monitoring of the barrel toroid release

MDT chamber positions using standard fitting me#od The final integration of ATLAS muon chambers

In other words Asap fits the measurements of thee@p continues and the next step will be the full poivethe
sensors mounted with our best knowledge/simulatibn parrel toroid.

the spectrometer. Once done, the corrected positiod

distortions of the MDT chambers can be used imthen 5 REFERENCES
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The geometry inputs to the ASAP program are done,
via XML decription and some ASCIl files, like the
AMDB (Atlas Muon DataBase) files. Furthermore a big
effort is put today on safe access to various Deteb
using Java interfaces (Hibernate).



