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Chapterr 5 

Topp pair production 

Soo far we have concentrated on developing a theoretical description of single-top pro-
duction,, up to next to leading order accuracy. Obviously, we would like to compare the 
theoreticall  prediction to experiment. However, the amount of Tevatron data available 
att the time of writing of this thesis was too low to make this possible. As mentioned 
inn the introduction, the measurements of the single-top and it processes are closely 
related.. Thus, in the second part of this thesis we will describe a measurement of the 
topp pair (also called tt) cross section at the D0 experiment at Fermilab. We will start 
withh a description of the measurements and theoretical calculations that have been 
donee on top pair production. 

Thee top quark was discovered at Fermilab's Tevatron collider, which during that 
timee was colliding protons and antiprotons at a center of mass energy of 1.8 TeV. 
Thee first evidence for tt production was claimed by the CDF collaboration in April of 
19944 [98]. The discovery of the top quark was made the following year by both the CDF 
andd D0 collaborations. CDF reported a tt production cross section of ati = 6.8 1 4̂ pb 
forr a top mass1 of 176 GeV [99], and D0 found att = 6.4  2.2 pb for a top mass of 
1999 GeV [100]. 

Inn 2001, the CDF collaboration reported ati = 6.5 t\i pb for mt = 175.0 GeV [101] 
ass their final tt production cross section based on the 1992-1996 run of the Tevatron. 
Thee corresponding D0 result (published in 2003) is o a = 5.7  1.6 pb for mt = 172.1 
GeVV [102]. In addition, measurements of the top mass were made. Combining results 
fromm D0 and CDF, the measured top mass is 174.3 1 GeV [103]. 

Onn the theoretical side, many calculations of the top pair production cross section 
havee been performed. Recent calculations are at next-to-leading-order (NLO) [60]. 
Somee representative Feynman diagrams for this calculation are shown in Figure 5.1. 

l r rhee measured cross section is always quoted together with the top mass used for the analysis. 
Thiss is because the signal efficiency and thus the cross section measurement depends on the top mass. 
Thiss mass is taken from a separate measurement, which we wil l not discuss here. 
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Figuree 5.1: Some of the Feynman diagrams that contribute to the NLO cross section. 
TheThe top quark line is thickened. 

Beyondd NLO. two techniques have been used. The first method [104, 105] constructs 
aa double differential NNLO estimate. The cross sections found for a top mass of 175 
Ge \'' using this method are: 

CTtf(1.8CTtf(1.8 TeV) 

aM-(1.966 TeV) 

5.88 4 1 pb 

7.44 5 1 pb 

(5.1) ) 

(5.2) ) 

Thee first uncertainty indicates an ambiguity in the kinematics, while the second is an 
estimatee of the scale uncertainty. It should be noted that the uncertainty due to the 
partonn distribution functions is not included. 

Inn the second technique, the full next to leading log (NLL) resummation is com-
putedd [106, 107] for the inclusive cross section. This method gives the following cross 
sectionss for a top mass of 175 GeV: 

0tï(1.88 TeV) 

oa(1.966 TeV) 

5.199 g pb 

pb b 

(5.3) ) 

(5.4) ) 

Al ll  theoretical uncertainties are included in these results. 
Althoughh these very advanced NLO differential and even higher order inclusive cross 

sectionn calculations are available, until recently events generated for the full detector 
simulationn used only LO accuracy for the top pair production process. This was due 
too problems in matching the beyond leading order calculations with the showering 
requiredd for full event generation. These issues have now been solved, and an event 
generatorr has recently become available that treats the top pair production process to 
NLOO accuracy (MC@NLO) [108]. 

Wee show some results for this MC@NLO program for a proton-antiproton collider 
att a center of mass energy of 1.96 TeV. In Figure 5.2(a) we compare the differential 
crosss section as a function of the transverse momentum of the top quark that we get 
fromm MC@NLO with the LO HERWIG [14] result. In Figure 5.2(b) we do the same for 
thee transverse momentum of the ti pair. At the high end of the second distribution, 
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Figuree 5.2: Differential cross section as a function of the transverse momentum of the 
toptop quark (a) and the transverse momentum of the tt pair (b). The solid line is the 
NLONLO result from MC@NLO, the dashed line is the LO result from HERWIG. The total 
LOLO cross section is scaled to the NLO result. 

wee see that the NLO prediction is higher than the LO prediction. This is because hard 
emissionss are treated correctly in the former. 

Afterr this short discussion of previous measurements and theoretical calculations, 
wee shall describe a measurement of the top pair cross section. In Chapter 6 we wil l 
discusss the current state of the collider, the experiment and the trigger used for the 
analysis,, followed by a chapter on the identification of physics objects (like electrons 
andd jets). Finally, in Chapter 8 the actual analysis wil l be described. 
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