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Introduction n 

Whyy are we here? Why does the world exist? Who created it and when? When the progenitors 
off  the human race learnt to think they probably also wondered about these questions. During 
thee evolution of civilisation quite a number of answers has been proposed. The ancient Greeks, 
forr example, regarded the earth as a goddess called Gaia who sprang from the primordial void 
Chaos.. An Egyptian creation myth says that there existed only the ocean at first. On its 
surfacee appeared an egg that brought forth Ra, the sun, who got four children. One of these 
childrenn was Geb, who became the earth. 

Anotherr approach consists of evading these questions by taking resort to humour instead of 
mythologyy or religion. For example, one author1 claims the answer to the question of everything 
iss 42 and the sole purpose of the earth is to find this question. In this thesis we will , however, 
followw the scientific approach. 

Scientistss can give a partial answer to the questions above within a well defined framework, 
inn which the quest for the creator plays no explicit part. The modern scientific view is that 
thee world is the result of a big explosion twelve billion years ago and that we are some sort 
off  eructation of the vacuum. Scientists endeavour to deduce the origin of the world from 
measurementss instead of mythology. Accordingly, this thesis will contain a measurement of one 
aspectt of the scientific view on this world. 

Thee physical world as it is known today is built up of tiny particles which are called atoms. 
Theirr diameter is about 10-10 m. These atoms are made of smaller particles and consist of 
aa positively charged nucleus that is surrounded by a cloud of negatively charged electrons. 
Electronss are fundamental particles: they do not have a structure and thus they are not built 
upp of smaller particles, at least not as far as it is known today. On the other hand, the nucleus 
off  an atom is composed of particles called protons, which have a positive charge, and neutrons, 
whichh are electrically neutral. The typical size of protons and neutrons is 100000 times smaller 
thann the size of an atom. 

Protonss and neutrons are fundamental particles neither as they consist of still smaller enti-
ties,, so-called quarks. Quarks are fundamental particles. They have a non-integer charge. Two 
typess of quarks exist, the up and the down quark, and three of these can build up a proton or 
aa neutron. Such combinations of three quarks are called baryons. 

Everyy charged particle has a corresponding antiparticle with opposite charge2. An antiquark 
cann form a bound state with a quark. These combinations are called mesons. Together with 
thee baryons they form a group of composite particles that are known as hadrons. 

11D.D. Adams, The hitchhiker's guide to the galaxy. 
22 "Charge" is to be understood in a generic sense. It refers not only to electrical charge. 
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Theree is one more particle that belongs to "daily life". This particle is called neutrino and 
playss a role in the radioactive decay of nuclei where a neutron decays into a proton, an electron 
andd an antineutrino. Neutrinos and electrons belong to the class of particles known as leptons. 

Apartt from the four fundamental particles (two quarks, the electron and the neutrino) and 
theirr antiparticles there exist two heavier versions of each of these four particles. Thus there 
existt four more quarks with a mass larger than the up and the down quark. Also two heavy 
electronss exist, the muon and the tau particle, with corresponding neutrinos3. An overview of 
alll  these particles, their charge and their mass is given in the table below. 
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Thee interactions between the fundamental particles are described by the Standard Model 
(SM).. This model provides a unified description of the electromagnetic force as described by 
thee theory of Quantum-Electrodynamics (QED) and the weak force that is responsible for 
radioactivee decay. Leptons and quarks interact via the exchange of so-called gauge bosons which 
cann be a photon 7, a neutral Z particle, or a charged W  particle. Quarks are held together 
inn hadrons by a third force, the strong or colour force, that is described in the Standard Model 
byy the theory of Quantum-Chromodynamics (QCD). This force is mediated by gluons which 
couplee to the "colour charge" of the quarks. This "colour" can assume three values and plays 
aa similar role as the electrical charge in QED. Coloured particles, however, cannot exist freely 
inn nature in contrast to electrically charged particles. 

33 We leave the issue of neutrino mass aside. 
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Too study the properties of fundamental particles large accelerators are required. They 
acceleratee particles to very high energies before these are brought into collision. The particles 
emanatingg from the collisions are measured by large detectors. From many of such collisions 
propertiess about the structure and the fundamental interactions of the particles can be deduced. 

Thiss thesis focuses on the structure of the proton as it can be measured from positron-
protonn collisions registered by the ZEUS detector at the HERA collider in Hamburg. In the 
picturee sketched above the proton consisted of only three quarks. Due to QCD, however, the 
protonn is a dynamical system that contains a large number of mutually interacting quarks, 
antiquarkss and gluons which are collectively known as partons. This system can be probed by 
aa virtual gauge boson that is mediated between a positron and a proton in a process called deep 
inelasticc scattering (DIS). In this way it is possible to measure the momentum distribution of 
thee particles in the proton. When the gauge boson is a photon or a Z particle the process is 
calledd neutral current DIS and all quarks and antiquarks in the proton can take part in the 
interaction.. In charged current DIS which will be the main subject of this thesis the gauge 
bosonn is a W  particle and only certain combinations of quarks and antiquarks can contribute 
too the cross section. 

Chapterr 1 will present the theoretical framework of deep inelastic positron-proton scattering 
andd the structure of the proton. In chapter 2 the ZEUS detector is described followed by a 
brieff  exposé on event simulations in chapter 3. Chapters 4 and 5 concentrate on the selection 
off  charged current events and the removal of backgrounds in the event sample. Since charged 
currentt events produced by a charged lepton beam have been observed for the first time at 
HERAA this selection requires new techniques. The reconstruction of the kinematic variables of 
aa charged current DIS event is the main subject of chapter 6. In chapter 7 the cross sections 
ass a function of various kinematic variables are extracted from the data and compared to the 
Standardd Model predictions. Finally, a few related topics like the extraction of the W mass are 
discussedd in chapter 8. 
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