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Summary y 

Thiss thesis describes both theoretical and experimental research into top quark pro-
duction.. The theoretical part contains a calculation of the single-top quark production 
crosss section at hadron colliders, at Next to Leading Order (NLO) accuracy. The ex-
perimentall  part describes a measurement of the top quark pair production cross section 
inn proton-antiproton collisions, at a center of mass energy of 1.96 TeV. 

Thee theoretical work starts with a Leading Order description of the different single-
topp quark production channels. This description includes all Feynman diagrams that 
havee the same final state as the one where the top quark decays to a lepton, neutrino 
andd a bottom quark. Only a small subset of the diagrams actually contains a top quark. 
Itt is shown that in each of the channels the top quark is clearly seen in the distribution 
off  the invariant mass of the lepton-neutrino-bottom combination. In addition, the 
validityy of the narrow width approximation for these channels is studied. 

Thee next step in the calculation, a NLO description, requires the cancellation of 
infraredd divergences. The most advanced method to handle this in general is the dipole 
method.. The extension of this method to massive fermions is developed in this thesis. 

Inn the final part of the theoretical work expressions for the virtual and radiative con-
tributionss needed for the NLO calculation are derived. These are then used, together 
withh the dipole formalism, to implement a NLO Monte Carlo program for single-top 
production.. In addition, NLO programs were implemented that treat the infrared di-
vergencess using the method of phase space slicing. Al l methods are shown to give 
thee same distributions for several kinematical variables, and in addition total and dif-
ferentiall  cross sections are calculated for the Tevatron and LHC colliders at different 
energies. . 

Thee experimental work was done on data collected by the D 0 experiment at the 
Tevatronn collider at Fermilab. The Tevatron is an accelerator that collides protons and 
antiprotonss at a center of mass energy of 1.96 TeV. The large DO detector surrounds 
onee of the collision points. It consists of several subdetectors, of which the calorimeter 
iss the most important for the analysis described in this thesis. 

Duee to the very high collision rate, a trigger system (consisting of three levels) is 
usedd to select the most interesting events. A trigger was designed that selects events 
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thatt have an electron and jet activity in the calorimeter. Efficiencies for the different 
componentss of the trigger and the total efficiency for the events we are interested in 
aree derived. 

Thee experimental analysis addresses the top pair production process in the case 
wheree one of the Ws (from the top) decays leptonically, and the other decays to 
hadrons.. Such a decay mode results in an electron, missing transverse energy {fir) a nd 
fourr jets in the final state. To reduce the huge background from QCD processes in this 
decayy channel, an electron identification that gives a good separation between real and 
fakee electrons is needed. Several variables give some discrimination between these real 
andd fake electrons. A likelihood method is developed that combines the information in 
sixx of these variables to get an optimal separation. 

Thee cross section measurement was performed on a data sample corresponding to 
ann integrated luminosity of 92 pb- 1 . The two important backgrounds are the already 
mentionedd QCD background, and the background from IV+jets events, in which the \V 
decayss to an electron and a neutrino. Both backgrounds are estimated from data. The 
QCDD background is minimized by requiring a good quality electron in addition to $T-
Thee remaining QCD background is estimated by studying the behavior of the event 
samplee under electron identification cuts. The M'+jets background is estimated using 
thee Berends scaling rule, which predicts the number of IT" plus four jet events from 
thee number of VTr,s observed with one, two and three jets. After these backgrounds 
havee been estimated, a final set of topological cuts is applied to improve the signal 
significance.. This results in a it cross section measurement in this channel of 

6.22 lJ;S(stat) i|:?(syst) pb . 

Combiningg this result with measurements in different decay channels gives a combined 

tttt cross section measurement of 

8.11 ^ ( s t a t) l!:S(syst)  0.8(lumi) pb , 

consistentt with the Standard Model prediction. 


