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Introduction

The start-up of the Large Hadron Collider (LHC) in November 2009 at the CERN
research complex in Geneva, Switzerland, marks the beginning of a new era in the
research field of particle physics. The LHC is the most powerful particle accelerator
ever built and will provide an enormous amount of data over the coming decades that
will inevitably lead to new insights about the structure and the origin of the universe.
The most prominent goal is the discovery of the Higgs boson that was postulated by
Peter Higgs already in 1964. The Higgs particle is responsible for giving mass to the
elementary particles and with its discovery the last missing particle of the Standard
Model of particle physics would be identified. The Standard Model however is not a
complete theory and open questions remain; some of them may be answered by theories
like Supersymmetry, a theory that is extensively searched for at the LHC.

To prepare for these spectacular discoveries, a lot of effort is devoted to re-evaluate
already known phenomena of the Standard Model and investigate if these phenomena
behave according to their theoretical predictions at LHC energies. Within this context,
not only processes involving the production of high energy objects are studied, but also
collisions with predominantly soft interactions, which are characterised by small energy
transfers. In fact, more than 99.9% of the particles in proton proton collisions at the
LHC are produced by these soft processes. A typical collision event at the LHC, where
several charged particles are detected, is shown in Figure 1. The analysis of such events
leads to the measurement of the charged particle density and is presented in this thesis.
It is based on simple questions that arise when particles collide at high energies, e.g.
”How many particles are produced when two bunches of protons collide? What is the
momentum of these particles and in which direction in space are they travelling?”.

The answers to these rather basic questions are however far from trivial and have been
explored ever since particle colliders were built. The theory describing these interactions
within the Standard Model is known as Quantum Chromo Dynamics (QCD). QCD
unfortunately lacks accurate predictive power for processes with small energy transfers
because the strength of the interaction is characterised by a coupling constant (αS) that
increases when the energy transfer decreases. The theoretical predictions can therefore
not be calculated in perturbation theory and empirical assumptions in general not valid
at all energy scales have to be introduced to describe existing data well.
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Introduction

Figure 1: Event display of a proton proton collision at the LHC recorded with the
ATLAS detector. The trajectories of the particles produced by the collision in the centre
are identified in the detector. The figure shows the plane transverse to the initial direction
of the protons.

The lack of an accurate prediction for the charged particle density makes it all the
more important that the understanding of the detector performance is excellent. The
most important detector of the ATLAS experiment to perform this measurement is the
inner detector. Its purpose is to accurately reconstruct the trajectories of charged par-
ticles and to identify the vertex position of the collision. Studying the performance of
the inner detector on data started already in the fall of 2008 long before the first proton
proton collisions were delivered. The complete ATLAS detector was then switched on for
the first time and the trajectories of muons originating from cosmic rays were recorded.
From this data sample an initial set of calibration constants for the detector was de-
rived that was continuously improved with further cosmic ray data taking. Once the
first proton proton collisions were delivered by the LHC, the studies of the detector per-
formance continued and produced impressive results, for example on the reconstruction
of resonances from known hadrons.
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Thesis layout

Chapter 1 of this thesis introduces the LHC and deals with the underlying physics of
the measurement of the charged particle density. The implementation of these models
by the Monte Carlo event generators Pythia and Phojet is discussed in detail.

In Chapter 2, the experimental setup of the measurement, the ATLAS experiment,
is presented. The focus is put on the most important detector in this thesis - the inner
detector.

The reconstruction of the trajectories of charged particles and the identification of
vertices in the inner detector form the core of Chapter 3. The algorithms to find these
tracks and vertices are discussed in detail and hadron searches in early data are presented
to illustrate the performance.

In Chapter 4, the resolution of the trajectories of charged particles are investigated
on data from cosmic rays. These track parameter resolutions are an important specifi-
cation when building a detector that could already be studied and compared to their
expectation values using muons from cosmic rays.

Chapter 5 deals with the method used to extract the charged particle density. This
method is based on the reconstruction of tracks using only the innermost component
of the inner detector - the pixel detector. This technique reduces the dependence on
simulated samples when determining the efficiency of the track reconstruction.

The measurement of the charged particle density at the centre-of-mass energies√
s = 0.9, 2.36 and 7 TeV is presented in Chapter 6. The focus lies on the measurement

at
√
s = 2.36 TeV as the application of the method explained in the previous chapter is

especially suitable here.
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