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Abstract
In the optic of observing phenomena beyond the Standar Model of particle physics, the luminosity and the
energy of the Large Hadron Collider (LHC) at the CERN will be increased in the next few years (the Run
3 of the HiLumi LHC project will start in 2022). Some detectors part of LHC’s experiments are going to
be replaced in order to detect more energetic particles and increase the precisicion of measurements. This is
the case for the Small Wheels, muon detectors of the ATLAS experiment, that will be replaced by the New
Small Wheels (NSW). The NSW use a technology called small-strip thin gap chamber (sTGC), an ionization
chamber, and are made of four identical layers glued together that detect the position of a particle passing
through the detector (quadruplets). For each layer, the strips give the y measurement of the position of
the particle with respect to the CERN’s coordinate system. This report presents an analysis using three
datasets (CMM measurements, X-ray measurements and cosmic-ray measurements) to find the position of
each strip and the misalignments that occured during the construction of the quadruplets. The results of
this analysis are not conclusive since the addition of cosmic-ray measurements to an analysis that uses the
two other datasets does not lead to adequate values for the layers’ misalignment.

Résumé
Dans l’optique d’observer des phénomènes non expliqués par le modèle standard des particules, la luminosité
et l’énérgie du Grand collisioneur de hadrons (LHC) du CERN vont être augmentées au cours des prochaines
années (la troisième partie de prises de mesures du projet HiLumi LHC commencera en 2022). Certains
détecteurs des expériences faisant partie du LHC devront ainsi être remplacés afin de détecter des particules
plus énergétiques et d’améliorer la précision des mesures. C’est le cas des petites roues, des détecteurs de
muons de l’expérience ATLAS, qui seront remplacées par les nouvelles petites roues (NSW). Les NSW utilisent
une technologie appelée small-strip thin gap chamber (sTGC) qui agit comme une chambre d’ionisation,
et sont composées de quadruplets, un assemblage de quatre couches identiques qui détectent chacunes la
position d’un muon qui traverse le détecteur. Dans chaque couche, les strips donnent l’information sur la
composante y de la détection par rapport au système de coordonnées du CERN. Ce rapport présente une
analyse utilisant trois différents jeux de données, soient les données CMM, les données de rayons-x et les
données de rayons cosmiques, pour mesurer la position de chacun des strips et évaluer les désalignments
apparus lors de l’assemblage des quadruplets. Les résultats de cette analyse ne sont pas concluants puisque
l’ajout des données de rayons cosmiques à une analyse déjà existante utilisant les deux autres jeux de données
ne semble pas converger vers des valeurs préscises de désalignement.
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Figure 1.1: The CERN accelerator complex. The ATLAS experiment (yellow point) is part of LHC (black
circle), an high-energy particle collider. [4]

1 Introduction

Although it gives a good description of the subatomic world, the Standard Model of particle
physics (SM) still doesn’t explain some phenomena and aspects of the universe such as dark
matter. In fact, the SM gives us information of only 5% of the whole universe, an hypothesis
suggesting that the unknown universe would be composed of particles beyond the SM (i.e.
not included in the SM, [9]). In order to find out those new particles, experiments such as
ATLAS, part of the Large Hadron Collider (LHC) at CERN (European Organization for
Nuclear Research, see Figure 1.1), aim to concentrate a huge quantity of energy at a specific
point in space by colliding high-energy particles. The more energy is concentred in a single
point and the higher is the number of collisions, the more unknown high-energy particles
could be created and the more the measurements would be accurate. With the objective
of finding out new types of particles, the energy (speed of the particles) and the luminosity
(number of particles per area per second) of the LHC need to be increased. The High-
Luminosity LHC project (HiLumi) will double the energy of the LHC and multiply by ten
its luminosity compared to the levels available in 2011 ([2], see Figure 1.2 for the planning
of the project). The increase of energy and luminosity at LHC will force the detectors of the
experiments (ATLAS among others) to be upgraded to collect more precise measurements.

In ATLAS, the product of the collision of high-energy particles is analyzed by a large
number of detectors, different detectors measuring different types of particles (see Figure 1.3).
The Small Wheel (SW) is a muon detector part of ATLAS. During ATLAS experiment Phase-
1 upgrade (long shutdown 2 of HiLumi), this detector will be replaced by the New Small
Wheel (NSW) to increase tracking ability and inputing track information to trigger. Before
the installation of the NSW at LHC, the charachterization and the testing of this detector
are essential in order to obtain appropriate measurements.
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Figure 1.2: The High Luminosity LHC project planing. From 2011 to the end of the project, the energy of
the particles would have been doubled and the luminosity multiplied by ten. The NSW will be installed during
ATLAS experiment Phase-1 upgrade (LS2). [2]

Figure 1.3: The ATLAS experiment. The collision between beams of particles happens at the center of the
detector and the created particles are detected by various instruments. The future emplacement of one of the
NSW is shown in red. [5]
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Figure 1.4: Schema of the New Small Wheel. sTGC are a technology used in this muon detector. [1]

Figure 1.5: Components of a layer of an sTGC. The pad, the wires and the strips give the position of the
measurement. [1]

The NSW is composed of eight large sectors and eight small sectors disposed in a circle
(see Figure 1.4). This detector uses a technology called small-strips thin gap chambers
(sTGC) that we can describe as a gas ionization chamber. When a charged muon passes
through a layer of the detector, it ionizes the gas (mixture of n-pentane and carbon dioxyde)
and creates an electric field that is detected by three different components (i.e. pad, wires
and strips), each of them giving information on the position of the measurement. The
small and large sectors are made of trapezoidal quadruplets, a superpostion of four layers
(see Figure 1.5). In order to reconstruct the path of the particle within the detector, it is
important to know precisely the position of each of the components. This project focused
mostly on the position of the strips, that give the y value of the measured position according
to CERN’s system of coordinates [3].

This report presents the analysis of the position of each strips of sTGC’s quadruplet
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Figure 2.1: Schematic representation of x-ray gun positions along the surface of a quadruplet. For each x-ray
points, there is a set of coordinates for CMM measurements (xcmm ; ycmm ) and another for x-ray measurements
(xxray ; yxray ).

using di�erent datasets. In Section 2, we explain the method that we took to achieve this
goal. We present our results in Section 3, and in Section 4, we discuss the problems we have
been facing and future challenges related to the analysis.

2 Methodology

2.1 CMM data

Before the construction of the quadruplet, each layer is manufactured separately. The strip-
board is constructed in such a way that the strips are parallel to each other, and the strip-
board, the two cathode boards and the pad-board are assembled aiming to be perfectly
aligned. Nevertheless, some misalignments occurs during the construction of the layer and
the strips are not are not exactly at the position they were designed to be. Thus, the
measured position of a particle would be wrong if these misalignments are not considered.
Quality control (QC) tests are performed on the strip-boards: the real position of each strip
is measured by the coordinates measuring machine (CMM) and is taken into account in the
correction of the measured particle position. When each layer of a given quadruplet is rightly
constructed, they can be glued together to form the quadruplet.

2.2 X-ray data

After the step of construction, the quadruplets are sent at CERN where other QC tests can
be performed. At some precise points along the surface of the quadruplet are sent x-ray
(see Figure 2.1). Those x-rays ionize the gas and produce an electric �eld detected by the
components. For each layer of the quadruplet and for each x-ray point, we obtain ay value
for the detected position,yxray . Moreover, for the same layer, we �nd they value of the
measurement in respect to CMM data,ycmm , for each x-ray point.

2.3 Misalignements

For each x-ray point of a given layer, we obtain a de�niteycmm and yxray . Nevertheless,
these two values might not be the same because some misalignments can occur during the
construction of the quadruplet. For this reason, we consider two types of misalignment: an
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Figure 2.2: The misalignments occuring during the quadruplets' construction considered in the analysis. For
each layer, there is a de�nite o�set and a de�nite slope.

o�set ( � y) and a slope (� � ) (see Figure 2.2). Thus, by correctingycmm with a slope and
an o�set, we should obtain a value ofy0

cmm identical to yxray . This correction is shown at
the Equation 1, wherex is the x position of the measurment according to the system of
coordinates used at CERN [3].

y0
cmm = ycmm + � y + � � � x (1)

I has to be noted that even if we modify they position of the CMM measurements to
obtain y0

cmm here, they position of the x-ray measurements could be modi�ed (y0
xray ) without

changing the values of �tted parameters.

For each x-ray point of the same layer of a given quadruplet, we should �nd the same
� y and � � . Due to other types of misalignments non-considered in the analysis, these
parameters could change from one x-ray point to another. Aiming to �nd the parameters
(� y, � � ) that minimize the sum of the di�erence betweenyxray and ycmm of each x-ray point
and the uncertainty on those parameters, we use a� 2 function (see Equation 2, where� 2 is
the variance).

� 2 =
X

X � ray
points

(yxray � y0
cmm )2

� 2
(2)

2.4 McGill cosmic-ray data

When a cosmic particle enters in the atmosphere, it produces a large variety of secondary
particles detected at the surface of the Earth. Some of these secondary particles are muons
that can be detected by sTGC. As a result, these particles represent an adequate QC test
for the detectors. Before to be sent at CERN, the quadruplets go to McGill where they can
be tested in McGill cosmic ray test stand (see Figure 2.3). It is important to note that a
properly de�ned system of coordinates does not exist for the measurements of McGill cosmic-
ray data as we have for x-ray and CMM measurements. Then, we cannot compare directly
the cosmic-ray dataset with the two other datasets. The solution to this problem is the use
track residuals.
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