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Introduction

Most people will remember the periodic system of the elements as they learned it at school.
The table, invented in 1869 by Dmitri Mendeleev, has a particular odd shape. The inventor
did not know the reason behind the system, but organized all elements in a table by simply
ordering the different elements by their observed properties. An important property was the
increasing mass of the atoms, at that time the most basic components of an element. The
fact that some elements hardly reacted with anything, or that some had very specific electric
properties also helped in the ordering.

A great achievement by Mendeleev was the prediction of the existence of several elements
as he found gaps of non-observed elements in his classification. It was only later however, at
the beginning of the 20th century, that the ordering of the elements could be explained: first
with the discovery of the sub-atomic structure of protons and neutrons in the atomic nucleus
(surrounded by an electron cloud) and finally with the development of quantum mechanics.

In the 1960s it was realized that nature goes one level deeper and that protons and neutrons
are not so fundamental as was thought; they consist of what were to be called quarks and
gluons. In short, the total periodic system could now be replaced by no more than four particles:
two quarks, the electron and its partner the neutrino. The interactions between these particles
take place by means of so-called messenger particles, such as the photons and the gluons.

The theory describing the classification and interactions of these particles, the Standard
Model, took about two decades to take shape. In this period the model gradually consisted of
more and more fundamental particles: the two quarks, the electron and the neutrino turned
out to each have two heavier brothers. This classification came forth partly by hypothesis,
but also partly by unexpected observations. A great success of the Standard Model was the
unification of the electromagnectic and the weak nuclear interactions into one, renormalizable,
quantum field theory. This theory predicted two messenger particles never observed before, the
W and the Z boson. In 1983 these were discovered at CERN. Long awaited, the observation of
their existence was of fundamental importance in confirming a crucial aspect of the Standard
Model. In 2000, with the observation of the τ-neutrino, the last but one of the particles in the
Standard Model was discovered. Only one more particle, the Higgs boson, is still missing.

The exact confirmation of the model was, and still is however, not easy. Large particle
colliders are built to accelerate charged particles to speeds as high as possible and to have
them collide, either on each other or on fixed targets. The ‘debris’ flying out of the collisions
are particles created as part of the kinetic energy of the accelerated particles is transformed
into mass. These debris are analyzed with sophisticated detectors to determine the properties
of the particles and their interactions. The final confirmation of the Standard Model is hoped
to be established with the most powerful proton-proton collider ever built: the LHC at CERN.
Soon to become fully operational, this accelerator will reach energy levels expected to be high
enough to find the Higgs boson.
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2 Introduction

At the same time, the LHC will become a true ‘top quark factory’. The top quark is the
heaviest of all quarks: its mass is more than 180 times the mass of a proton. Although not
a stable particle and not immediately a constituent of matter around us, its large mass gives
this particle an important role in all interactions. It was discovered in 1995 at Fermilab in the
USA, and its properties are not exactly determined yet. The LHC will produce top quarks at
an unprecedented rate enabling measurements more accurate than any experiment is capable
of at the moment.

If the Higgs boson is found, all particles of the Standard Model will have been identified.
The Standard Model could be the final fundamental theory of particle physics; several known
problems however almost certainly exclude this possibility. The energy released in the collisions
at the LHC will be at levels never observed before in such controlled environments and might
result in the discovery of new particles or interactions, bringing the need of an extension to
the Standard Model. Different extensions have already been conceived, such as the theory
of extra dimensions or of supersymmetry. The Standard Model is then an effective theory: a
low-energy limit of some underlying theory, without being dependent on the details of that
theory. On the other hand, if no Higgs boson is found with the LHC, its existence as described
by the Standard Model becomes impossible. Several revisions of the Standard Model covering
this possibility have also been postulated. In fact, with the open questions remaining and the
long list of theorized possible answers, it is often felt nowadays that the time of theoretical
predictions should be over and that it is again time for observations and measurements.

In this thesis we set out to prepare ourselves for the first measurements on the top quark
with the ATLAS detector, one of the four experiments to study the proton-proton collisions at
the LHC. One of the first phases of the measurements will be the calibration of the detector.
We have developed an approach for the energy scales calibration of the detector, fine-tuned to
the observation of the top quark. Independent from this calibration, we have also set up an
analysis to measure the rate of production of top quarks in the first data to be taken.

Thesis layout

In the first chapter the Standard Model is explained; a small study is presented on the Parton
Distribution Functions (PDFs) for protons at the LHC. These PDFs are parameterizations
of the probability for a constituent of the proton to carry a certain fraction of the proton’s
momentum. The study discusses the accuracy possible in predicting the rate of production
of the top quark with the LHC. In the same chapter also the theory of supersymmetry is
summarized. The second chapter discusses the LHC accelerator and the ATLAS detector with
all its sub-detectors, while in the third chapter more detail is given on the Inner Detector (ID)
of ATLAS: the Semi Conductor Tracker sub-detector is explained, together with the ID cooling
system and its commissioning in 2008. Chapter 4 then describes how the signals obtained with
the ATLAS detector are used to reconstruct the properties of the particles created in the
proton-proton collision. Extra attention is given to the b-tagging algorithms: special tools
used for the identification of the b-quark, the second heaviest quark in the Standard Model.

With the signals converted into observables we present in chapter 5 a study on the energy
scale calibration of the detector using a kinematic fit based on the constraints of a top quark
pair creation. Chapter 6 describes an analysis setup for the measurement of the top quark and
the W boson production rates on the first data to be taken. The latter analysis makes use of
b-tagging algorithms. Both in chapter 5 and 6 the possibility of using the presented analyses
as a further aid to observe signs of supersymmetry is discussed.


