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Preface

The 4

th of July in 2012 was a remarkable day in the history of particle physics when
two experiments at the Large Hadron Collider (LHC) reported the observation of a
new particle in a mass region compatible with the long sought Higgs boson predicted
by the Standard Model. This successful achievement implies that we are now capable
to produce all Standard Model particles in a controllable environment, allowing us to
study those particles in more detail and eventually discover a deeper nature of our
universe that is still unknown to us.

Following the discovery at Tevatron in 1995, the top quark is one of the interesting
Standard-Model particles to be studied at the LHC. The heaviness in mass makes the
top quark itself play an essential role in the connection between the Standard Model
and theories beyond it. Focusing on the top quark, this thesis will present a search for
a rare process in which a top quark is produced in association with a W boson (a.k.a.
single top Wt-channel production) through the electroweak interaction.

Being a rare process, the search of single top Wt-channel production is confronted
with two main challenges. Firstly, the signal is buried in a large amount of background;
hence it requires method to be developed for efficient signal extraction. Secondly, large
amount of data needs to be included in the analysis to compensate low signal rate. It
means that efficiency and throughput of data processing become important to achieve
the analysis. Aiming for addressing these two challenges, the analysis described in
this thesis is, to our understanding, one of the first cross-section measurements1 for
single top Wt-channel production.

1Just recently the CMS experiment reported a 6 � observation of the single top Wt-channel
production in the di-lepton final state, using the LHC data of p� p collisions at

p
s = 8 TeV.
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Layout of thesis

This thesis consists of seven chapters. Following a short introduction to the top quark,
interests of single top quark production and its close connection to physics beyond the
Standard Model will be discussed in Chapter 1.
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offline data processing: Chapter 4 user data analysis: Chapter 5

Figure I: Layout of this thesis in correlation with the data processing pipeline.

The rest of the thesis is organized to follow a general data processing pipeline illustrated
in Figure I to highlight the data flowing through various steps of the analysis. Based
on this picture, we discuss firstly in Chapter 2 the experimental setup of the LHC
and the ATLAS experiment by which the data entering our analysis is produced and
recorded. Theoretical predictions are also put in the form of data using Monte-Carlo
simulation. How the simulation is conducted for our analysis will also be presented in
Chapter 2.

With data and simulated events in a raw format of the detector signals, the first part
of Chapter 3 will describe the event reconstruction. It is a necessary step toward
physics analysis as it transforms detector signals into measurements of physics objects.
Following the reconstruction, our analysis starts from selecting signal-like events. The
selection criteria will be discussed in the second part of Chapter 3.

We then make a detour in Chapter 4 and Chapter 5 to discuss the computing aspect
of the data processing involved in our analysis. In Chapter 4, we revisit the steps
of simulation and event reconstruction with emphases of managing large-scale data
processing on a distributed computing infrastructure developed with the “Grid Com-
puting” technology. We carry on in Chapter 5 and present a study that is conducted
to evaluate the data analysis throughput on the grid. We will point out a general
throughput issue with the grid technology and demonstrate how one can benefit from
using on-demand computing resources provided by the so-called “Cloud Computing”
technology.

Given large theoretical uncertainty and technical challenges in the simulation, contri-
butions of the QCD multi-jet and the W+jets backgrounds have to be determined
in light of the data. The “data-driven” methods developed along with our analy-
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sis for estimating these two background contributions in data will be discussed in
Chapter 6.

Following the background estimation, we discuss in Chapter 7 the techniques used by
our analysis for enhancing the signal-to-background (S/B) ratio and for measuring
the cross section of single top Wt-channel production. Finally, we will present the
measured cross section and draw the conclusion of this study.
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