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Introduction n 

Inn the 20th century enormous progress has been made in the theoretical and experimental 
understandingg of the fundamental forces and the basic building blocks of matter. The 
fourr known forces are: gravity, electromagnetism, the weak and the strong (nuclear) force. 

Electromagnetism,, the weak and the strong interactions are described in the "Standard 
Model""  of particle physics. In brief, this model is "a beautiful scheme with well defined 
rules,, agreeing well with experiment" [1]. In the Standard Model the interactions between 
particless are described by the exchange of gauge bosons. These are respectively: photon 
(7),, W  or Z boson and gluon (g). 

I tt is well known that atoms have a nucleus, built from protons and neutrons, with 
electronss circling around it. Particle physics studies sub-nuclear particles (smaller than 
thee size of the nucleus). An elementary particle is defined as having no observable sub-
structure.. Three classes of elementary particles are known: quarks, leptons and the 
earlierr mentioned gauge bosons. Quarks are found inside hadrons, like the proton and the 
neutron. . 

Threee types of charged leptons (electron (e), muon (f_i) and tau (r)) and three types of 
neutrall  leptons (neutrino (v)) are known. In total 6 types (flavours) of quarks are known. 
Thesee are, from the lightest to the heaviest: up (u), down (d), strange (s), charm (c), 
bottomm (b) and top (t). The estimated mass and the quark charges are summarised in 
tablee 1. For each particle an anti-particle exists, which has the same mass but opposite 
charge.. For example the positron is the anti-particle of the electron. 

lightt quarks 

Mass s 
Chargee [e] 

u u 
(up) ) 

1.55 to4.5MeV 
2/3 3 

d d 
(down) ) 

55 to 8.5 MeV 
- 1 /3 3 

s s 
(strange) ) 

800 to 155 MeV 
- 1 /3 3 

heavyy quarks 

Mass s 
Chargee [e] 

c c 
(charm) ) 

1.00 to 1.4 GeV 
2/3 3 

b b 
(bottom) ) 

4.00 to 4.5 GeV 

- 1 /3 3 

t t 
(top) ) 

174.33 1 GeV 
2/3 3 

Tablee 1: Mass and charge of the six different quark "flavours" [2]. 

1 1 



2 2 Introduction Introduction 

Quarkss are not observed directly. They are confined in hadrons1. Two types exist: 
mesons,, which are bound states of a quark and an anti-quark (qq), and baryons, which 
aree bound states of three quarks (qqq). The proton is the lightest baryon with the con-
figurationn uud. Recently scientists have claimed that they observe bound states of five 
quarkss [3]. 

Thee strong force keeps the quarks together inside hadrons. The theory describing the 
strongg interactions of the Standard Model is quantum chromo dynamics (QCD). In QCD 
gluonn exchange is responsible for the interactions between quarks. 

QCDD can be tested by scattering electrons off protons. If the energy transfer is large 
enoughh the electron scatters off a quark inside the proton. When the quark is kicked out 
off  the proton, the process is called deep inelastic scattering. If the energy involved in the 
collisionn is sufficiently high a heavy quark anti-quark pair can be produced. 

Thee first deep inelastic scattering experiments were done in 1969 at the Stanford 
Linearr Accelerator Center (SLAC). Electrons of 7GeV were collided with a proton in a 
hydrogenn target [4]. At these experiments the structure of the proton was measured for 
thee first time. 

Too probe the proton even deeper a new particle accelerator was built in Hamburg. 
Electronss and protons are accelerated up to 27.5 GeV and 920 GeV. Collisions are observed 
withh two detectors, the ZEUS and HI experiments. In such high energy collisions many 
particless are produced. The task of the experiments is to measure this complex final state 
ass accurately as possible. 

Thee produced charm and bottom quarks form hadrons, that decay into other parti-
cles.. The properties (energy, momentum, charge, etc.) of these final state particles are 
measuredd with several particle detector components. The measurement of heavy quarks 
givess additional information about the proton structure and is specifically suited to test 
QCDD calculations. 

AA recently installed vertex detector allows reconstruction of the actual decay point 
off  some of the heavy hadrons. To separate such a detached track from the interaction 
pointt the impact parameter resolution is important. This is the shortest distance from 
thee primary interaction point to the trajectory. The vertex detector is designed to have 
aa track impact parameter resolution of 100 p.m. To achieve such a precision all properties 
off  the detector have to be well understood and calibrated. 

Thesiss outline 

Thiss thesis is organised as follows. In chapter 1 an overview is given of the physics of deep 
inelasticc electron-proton collisions. In these collisions heavy quarks are produced, which 
subsequentlyy form hadrons. 

Inn chapter 2 the HERA accelerator, the ZEUS detector and especially the upgrade 
programss of both are described. The accelerator and the experiments were modified 
duringg summer 2000. The operation of "HERA-IF started in August 2001. The aim was 

'Thee top quark decays as t —> bW+, because the top decay time is much shorter than the hadrcm 
formationn time, no top hadrons have been observed. 
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too reach a higher luminosity (more collisions per second). The start up was slowed down 
becausee of beam related background problems which took up to the end of 2003 to be 
solved. . 

Thee ZEUS collaboration designed and constructed a microvertex detector (MVD) . In 
chapterr 3 the design, readout and assembly of this microvertex detector are explained in 
detail. . 

AA track finding and fitting algorithm was developed for the vertex detector. The 
neww track fit  makes use of the Kalman filter. In chapter 4 the fit is described in detail, 
includingg the treatment of scattering of charged particles in the detector material. After 
thee tracks are fitted they are combined to vertices. The used vertex algorithm, also based 
onn the Kalman filter, is described at the end of chapter 4. 

Thee performance of the microvertex detector is evaluated in chapter 5. First, results 
fromm the pre-installation system test are presented. Secondly its performance after in-
stallationn is discussed using data from cosmic runs. Results are compared with a Monte 
Carloo simulation. 

Thee first HERA-II beam data (up to April 2004) is studied in chapter 6. The track 
fitfit  and the vertex fit  from chapter 4 are applied to find a signal of charmed hadrons. In 
chapterr 7 conclusions are presented. 
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