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Introduction

As the inflatron rolls down the potential well,
all sorts of interesting things happen,

like life, love and the pursuit of happiness.

Leonard Susskind

What is the world around us made of? As early as 400 B.C., Greek philoso-
phers proposed that matter is made of indivisible building blocks called atomos,
meaning “indivisible” in Greek.

The search for the building blocks of matter remained a philosophical ques-
tion until the first scientific studies in the 19th century posed the idea of dif-
ferent types of atoms, referred to as elements. These different types of atoms
were found to be the building blocks of molecules and currently 118 different
types atoms are described in the periodic table of elements. Atoms however
are not indivisible building blocks but are composed of three main subatomic
particles: the proton, neutron and electron.

The proton and neutron are located in the nucleus of the atom, forming
the dense core of the atom. The proton has a positive charge, the electron
a negative charge and the neutron is electrically neutral. Electrons surround
the nucleus and are described to occupy regions referred to as electron shells,
where each shell represents a distinct energy level. Electrons can be shared
between the shells of two different atoms creating an electron bond that bind
atoms together to form molecules.

The electron has, to our knowledge, no substructure and can thus be con-
sidered an elementary particle. The protons and neutrons, however, are not
elementary particles but are composed of two types of quarks, the up and the
down quark. During the 20th century the measurements of various particle
physics experiments established the Standard Model of particle physics which
describes all the known elementary particles as illustrated by figure 1. The
electron is one of three types of leptons found in particle physics experiments,
and similarly another two families of quarks have been observed.

Elementary particles can be grouped in two types: fermions (quarks and
leptons), with a half-integer value of the quantum mechanical property called
‘spin’, and bosons with an integer value of spin. Fermions form the matter in
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Figure 1: Elementary particles as described in Standard Model of particles physics.
All fermions have a corresponding anti-particle, with opposite charge.

our world while bosons represent force-carriers. The electro-magnetic force
is mediated by the exchange of photons, the strong force is mediated by gluons
and the weak force (which causes radioactive β-decay of nuclei) is mediated by
the W± and Z bosons. The gravitational force is not included in the Standard
Model.

The W± and Z bosons are massive while the photon is massless; a result of
the breaking of the electro-weak symmetry. The Standard Models postulates
the existence of another gauge boson, the Higgs boson, which couples to the
massive particles and describes the mechanism of symmetry breaking. In the
Higgs mechanism, the masses of bosons and fermions emerge as the coupling
of particles with the Higgs field.

The Higgs boson is the only particle of the Standard Model that has not yet
been observed. The current experimental knowledge estimates the Higgs boson
mass1 to be within 114.4 and 185 GeV. The lower bound for this prediction
is a result of direct searches for the Higgs boson at LEP [1], while the upper
limit is set by the 95% confidence level from a fit to the measurements of the

1In this thesis ‘natural units’ are used; chosen to make c,~=1, so that the mass
of a particle is expressed in units of GeV.
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electroweak observables
Identifying the mechanism of electroweak symmetry breaking will be one

of the main goals of the Large Hadron Collider (LHC) at CERN. The LHC
represents the next major step in the high-energy frontier of particle physics,
with an unprecedented center of mass energy of 14 TeV and design luminosity
of 1034cm−2s−1. The high design luminosity is required because of the small
cross-sections expected for Higgs-boson production and decay and for possible
physics processes beyond the standard model. The high center of mass energy
of the LHC allows the discovery of particles with masses at the TeV scale.

The design of the ATLAS experiment at the LHC was guided by the need
to provide sensitivity to a wide spectrum of possible physics signatures, in-
cluding those of the Higgs boson. To exploit the full potential of the various
sub-detectors in the ATLAS experiment the first LHC collision events will be
used to calibrate and align the detector using well known physics processes.
The ATLAS experiment uses silicon detectors with an intrinsic precision of ≈
20 microns to reach the required precision of particles trajectories and decay
vertices reconstructed with the detector. Uncertainty on the location of the
silicon strip detectors after construction is of the order of hundreds of microns,
requiring alignment of the detector using large sets of tracks.

This thesis focuses on the construction and commissioning of the forward
silicon strip detector that was built at the Nikhef institute in Amsterdam, and
the precise reconstruction of charged particle trajectories and vertices using
measurements of the ATLAS inner detector. A tool for kinematically con-
straining a vertex-fit was developed which is demonstrated to help solve weak
mode misalignments using J/ψ → µ+µ− as a benchmark channel.

The out-line of this thesis is as follows.
Chapter 1 of this thesis discusses the production of prompt J/ψ ’s in the LHC
collisions which provide an important benchmark channel for calibration and
alignment of the ATLAS detector. Chapter 2 gives a brief introduction of
the LHC and the ATLAS experiment at CERN, discussing the various ATLAS
sub-detectors. Chapter 3 discusses the requirements, lay-out and detector mod-
ules of the forward silicon strip detector, the Semi-Conductor Tracker (SCT)
end-cap. Chapter 4 discusses the optical read-out system used by the silicon
detector in ATLAS, focusing on the performance of the optical components
of the SCT endcap. Chapter 5 discusses the various tests and results done
of the functionality of the detector modules of the SCT endcap. Chapter 6
discusses the use of the measurements in the ATLAS inner detector to recon-
struct precise trajectories and vertices from charged particles, focusing on a
method for kinematically constraining a vertex fit. The last chapter discusses
the alignment of the ATLAS inner detector, and investigates so-called ‘weak
mode’ misalignments using mass constrained fit in J/ψ → µ+µ− events, to
optimize the precision performance of ATLAS.




