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Introduction n 

Ass long as mankind has existed on the face of this earth, it has tried to unravel the 
mysteriess of the nature of space surrounding him. From the ancient Greeks, who could 
merelyy philosophize that we only had four elements, to the scientists today who use 
high-energyy accelerators and powerful computers to probe the smallest entities of na-
ture,, we are continuously trying to grasp what is around us. The real materialization 
off  the modern science we now call particle physics took place at the start of the last 
centuryy [1]. It can be said that it started with the discovery of the electron in 1897. J.J. 
Thomsonn carried out experiments that established the electron's charge and mass [2]. 
Quicklyy after, 7 rays were discovered, but not yet recognized as electromagnetic ra-
diation.. A crucial step to the understanding of sub-atomic particles was taken with 
thee development of the theory of Quantum Mechanics by Planck and others around 
19000 [3]. Soon after this, Einstein postulated his theory that light consisted of quanta 
thatt behaved like particles [4]. From 1910 through 1930 the nuclear model was devel-
oped,, with a model postulating a nucleus made up of protons and neutrons, bound 
togetherr by the strong force and circled by electrons. However, it turned out that the 
worldd was not as simple as this. Soon, many heavier versions of the proton and neutron 
weree discovered, together with their anti-particles, which were interacting through the 
strongg interaction (mesons and baryons). This proliferation of particles pointed the 
wayy to a substructure of these particles, culminating in the quark model proposed by 
Gell-Mannn and Zweig in 1964, who originally proposed three quarks [5, 6]. Hitherto, 
sixx different kinds of quarks have been discovered, the most recent the bottom quark 
inn 1977 [7] and the top quark in 1995 [8, 9]. Heavier versions of the electron were 
foundd as well: the /i-lepton in 1937 and the r-lepton in 1976 [10, 11]. The neutrino, 
alreadyy predicted by Pauli in 1930 [12], was found in 1956 by Cowan and Reines [13]. 
Too understand how all these particles interact, theoretical frameworks were needed and 
developed:: the electromagnetic interaction, carried by photons, the weak interaction, 
carriedd by the W  and Z° bosons (which were discovered in 1983 at CERN by UA1 
andd UA21 [14, 15, 16, 17]), and the strong interaction, carried by gluons. In 1967, 

LUA11 and UA2 were experiments located at CERN and analyzed pp collisions. They were a 
precursorr to the current Tevatron experiments. 



2 2 Introduction n 

Glashow.. Weinberg and Salam unified the weak and the electromagnetic interaction 
intoo the electroweak interaction, requiring the existence of a Higgs boson [18]. The 
gluonss and quarks could be described by the theory of quantum chronodynamics, or 
QCD. . 

Al ll  these particles and their interactions together are now described by a theoretical 
frameworkk known as the Standard Model. Many tests of the Standard Model have 
beenn performed and so far none has proven beyond doubt that the Standard Model is 
incorrect.. However, mysteries still remain. The most feeble force in nature, gravity, 
cannott be accommodated in the current Standard Model. Also, the Higgs boson, the 
lastt building block of the Standard Model, has not been detected so far, even though 
thee LEP experiments at CERN found tantalizing hints for the existence of a Higgs 
bosonn with a mass around 114 GeV/c2 [19, 20]. 

Ann interesting probe for the Standard Model is the 6-jet production cross section, 
measuredd first by UAL which was a factor two to three too high when compared with 
theoryy [21]. Subsequent measurements by CDF and D 0 in Run I were also on the high 
side,, but could not prove a significant excess. In Run II , with an upgraded accelerator 
thatt provides 10 times more instantaneous luminosity and a 10% higher energy, together 
wit hh an upgraded detector, this measurement can be done more precisely, yielding a 
moree stringent test of the Standard Model. 

Thiss thesis describes the measurement of the fr-jet production cross section at a 
centerr of mass energy of 1.96 TeV, using a muon tag to identify jets containing a 
b-quark.. For this the D 0 detector, based at the Tevatron pp collider is used. This 
detectorr was shut down for an upgrade in 1995, to be restarted in May 2001. The 
measurementt presented here is one of the first done with this upgraded detector, and 
thereforee uses a relatively small data sample. 

Chapterr 1 describes the Standard Model, and gives an overview of the theoretical 
predictionn by the Standard Model of the fr-jet production cross section. Chapter 2 
describess the apparatus used, with special emphasis on the muon system and the 
calorimeter.. Al l three levels of the trigger system, crucial for an experiment at a 
hadronn collider such as the Tevatron. are handled in Chapter 3. Offline reconstruction 
off  events is described in Chapter 4, while Chapter 5 deals with the selection of the 
eventss used in the analysis and shows a first calculation of the ^i+jet cross section. The 
relativee 6-jet content is extracted in Chapter 6, where ultimately the &-jet cross section 
iss calculated. Chapter 7 then concludes this thesis by confronting this measurement 
wit hh the prediction of the Standard Model. 


