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Introduction

The field of particle physics has recently entered a very exciting and long anticipated era:
the Large Hadron Collider has started colliding beams of protons at higher energies than
ever reached by particle accelerators. Its predecessor, the Tevatron, was the first to produce
the top quark and completed the three generations of quarks in the Standard Model. In fact,
all processes observed in particle accelerator experiments thus far are perfectly described
by the Standard Model. Nevertheless, there are strong indications that this theoretical
prescription may fail to describe elementary particles and the interactions between them
at ever higher energies. More complete models are expected to take over at the TeV scale,
which is currently being probed at the LHC. Numerous models have been proposed by
theoretical physicists over the last decades, all of which are now to be tested by analyzing
the proton collisions being recorded by the ATLAS detector.

Many of the proposed models predict a neutrino or another type of non-interacting
particle in the expected signal at the proton collisions. These particles leave no trace in
detectors and cause missing energy. In the plane transverse to the colliding proton beams,
the projection of the missing energy can be deduced from the energy imbalance between the
particles produced in the collision that are detected. As it plays a key role in the discovery
of physics beyond the Standard Model, the reconstruction of the missing energy is to be
well understood. The first major topic of this thesis is a study of its performance in top
quark pair events, which provide a window to searches for new physics.

One particular class of proposed models to describe physics beyond the Standard Model
are Little Higgs models. In these models, some of the Standard Model particles obtain
heavier partners, amongst which the W ′ boson. Its mass is expected to be at the TeV scale,
which allows it to decay into the heavy third generation of quarks: a top and a bottom
quark. The discovery potential of this signal is the second major topic.

Outline

This thesis is organized as follows: The first four chapters describe the concepts and tools
that are common to experimental particle physics as well as those particularly relevant
for this thesis. The last four chapters deal with the actual analysis of events: selection,
Monte Carlo studies on the missing energy, a method to assess the performance of its
reconstruction, the discovery potential of the W ′ → tb signal as well as a first glimpse of
the data recorded in 2010.
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