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I I 
Preface e 

Forr a long time people assumed the proton to be a fundamental particle of nature. 
Togetherr with the neutron and the electron the proton builds up every single piece 
off  matter that we see in the world today. 

Throughh the hard work of many people, experimentalists and theoreticians alike, 
ourr picture of the proton has changed. Today we view the proton as a sort of trifle, 
puddingg richly flavoured with small pieces of fruit. Most of the proton is gooey, the 
effectt of the strong force mediators the gluons. But often one can also find a hard 
bitt in the jelly: the quarks, of which there are six different flavours. 

Thee physics of scattering of electrons off the proton can also be visualised using 
thee pudding-analogy as follows. Envisage the electron as a glass marble. When the 
marblee is shot at the trifl e several scenarios can develop, depending on the energy 
(=speed)) of the marble. If the marble goes too slow, it wil l collide with the pudding 
andd be recoiled. If the experiment is repeated a number of times, all that wil l be seen 
iss the outline of the pudding which wil l appear rather solid. When the marble moves 
att higher speed, it wil l actually penetrate the proton and given that the marble has 
enoughh energy, it wil l break up the pudding! Subsequent analysis of the slabs of 
jellyy and fruit scattered throughout the room give insight in the structure of the jelly 
pudding,, as it was before it was blown into a wealth of small pieces. 

Thiss is more or less how the proton structure was discovered. At first electrons had 
tooo low an energy to actually probe the inner region of the proton and therefore gave 
risee to the idea that the proton was one of nature's fundamental building blocks. 
Inn 1969 experiments at the Stanford Linear Accelerator Center (SLAC) could use 
electronss with enough energy to break up the proton [1]. Such interactions, where 
thee proton is destroyed are called deep inelastic scattering. Through the analysis of 
thee structure hidden in the properties of the fragments after the break up of a proton 
wee have learned about the internal structure of the proton and the rules that govern 
thee internal dynamics of the protons constituents. We can thus reconstruct a picture 
off  the how the proton was before the electron tore it apart. 

Inn this thesis an analysis of the production of the charm quark in deep inelastic 

l l 



epep scattering interactions is presented. The charm quark is actually heavier than 
thee proton itself, by approximately 30%. The fact that charm quarks can be (pair!) 
producedd is a purely quantum mechanical effect, which follows from the Heisenberg 
Uncertaintyy Principle. This principle states that some energy can be 'borrowed', 
providedd it is for a sufficiently short time. The underlying production mechanism is 
describedd by the theory Quantum Chromo Dynamics (QCD). Measurements of heavy 
quarkk production in deep inelastic scattering therefore are a test of QCD. 

Thee goal of this thesis is to contribute to the verification or falsification of the 
assumptionn that this QCD production mechanism indeed describes the production 
off  charm in deep inelastic scattering. To obtain this goal a measurement of charm 
productionn is made by identifying the electrons of the weak decay c —  e~ves which 
hass a branching ratio of 9.6  0.4%. This measurement is presented in the chapters 
4-6.. The analysis is based on data collected with the ZEUS detector in 1996-1997, 
whichh wil l be presented in chapter 3. In total 32 pb_ 1 is analysed. A review of the 
theoreticall  framework is given in chapter 1. In chapter 2 the software implementations 
off  the calculations are introduced. Such programmes are used in the modelling of deep 
inelasticc interactions, and heavy quark production in particular, is described. They 
formm a fundamental cornerstone of the analysis presented in the chapters thereafter. 
Thee final chapter describes fits of the theoretical predictions to the available data 
onn charm production in deep inelastic scattering. This comprises the semileptonic 
charmm decay data, presented in this thesis, and the published D*  results from both 
thee ZEUS and HI experiment. These fits will have a twofold use. First, they will 
leadd to a novel way to extract the mass of the charm quark. The second will be 
thatt these fits can be used to quantitatively answer the question whether QCD can 
describee todays data on charm production. 


