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1. Top quark production

After the topf) quark was discovered in 1995 [1], emphasis quickly turreedetailed stud-
ies of its properties, including measuring its productionss section, its mass across all recon-
structable final states, and other properties, such asdmange and couplings.

Thett production cross section can be calculated in the standadhSM) with a precision
of 6-8%. Any deviation of its measured value from the SM peédn could signal the presence
of new physics in production dt decays. In the SM, top quarks i 100% cases decay into a
b quark and aV boson. If the decay into a charged Higgs anol guark ¢ — H*b) is allowed,
the contributions of decays to to different final states can change, indicatingvaphysics. It s,
therefore, important to measure tigoroduction cross section with precision in all channels.

The D@ collaboration recently measured thproduction cross section ap collisions at the
Tevatron inl+jets final states [2], where oWg boson from the top quark decays into a light lepton
(excluding 1) and a neutrino, and anoth&/ boson decays purely hadronically. Measuring the
cross section in this channel is challenging because ofitimfisant W+jets background, where
the W boson decays leptonically. To reduce this background, g f@ts, that is, jets coming
from b quarks by reconstructing their secondary vertices andiriegusignificant displacement of
such vertices from the primarngp. We also reduce this background by utilizing the kinematics
thett events, such as the invariant masses of combinations efeiiff objects in th& events or
the scalar sums of their momenta. We extractttheroduction cross sectioroy’ * = 7.70+979
(stat + syst + lumi) pb in thetjets final states.

Thett production cross section is also measured in dilepton fiatés, where botW bosons
decay leptonically [3]. As in case of thejets measurement, we use the topology of this final state
to discriminate signal against the background.

Figure 1 shows a comparison of data to Monte Carlo (MC) geedravents for several vari-
ables in lepton + jets and dilepton channels: (a) discritimgaoutput, (b) jet multiplicity for the
lepton + jets channel, and (c) missing transverse masd)éddalar sum of the transverse momenta
of the leading lepton and jetdr for the dilepton analyses distributions. The data and M@eagn

all distributions. We extract # production cross section @f®'***" — 8.4+ 0.5 (stat)*23 (syst)
+0.7 [ ;
o6 (lumi) pb.

The D@ Collaboration also measured the dependence dt ttiéferential cross section on
the top quark transverse momentwm [4]. This is important for checking consistency with the
next to leading order (NLO) generators. Figure 2 showsghéeependence ih+ jets events. It is
clear from the comparison that the data agrees better wit® jenerators generators such as NLO
pQCD and MC@NLO than with LO generators PYTHIA and ALPGEN.

After discovery of single top quark production [5], the erapls moved to analyzing its
channel and-channels separately, and measuring their separate lmatitris to the production
cross sections [6]. In this analysis, we require exactly isoéated lepton and two to four jets,
and apply three independent multivariate techniques: ®doBecision Trees, Bayesian Neural
Networks, and the Matrix Element method. Figure 3 (a) shdwsbsterior probability density for
sandt-channels. We measure cross sections of 334pb for the t-channel and 1.050.81 GeV
for thes-channel.
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Figure 1: Comparison of distribution for data and simulations in (Bcdminant output and (b) jet multi-
plicity for the lepton + jets analysis, and (c) missing eryerg¢d) Hr for the dilepton analysis distributions
for data and Monte Carlo
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Figure 2: Differential cross section as a function of tpe of the top quark il +jets events

The single top quark final state is sensitive to several nsodephysics beyond the SM, es-
pecially those in which flavor-changing neutral current KED) couplings between a gluon, a top
quark and up or charm quarks is large. Examples include msadith multiple Higgs doublets,
those with new dynamic interactions of the top quark, or ni®dewhich the top quark is a com-
posite object or has a soliton structure. The D@ collaboratias performed a search for FCNC in
quark-gluon couplings in a sample of single top quark firatest [7]. We find consistency between
background expectation and observed data, and set limitsGMC gluon couplings of the top
guark to up quarks (tgu) and charm quarks (tgc). Figure 3 shwe limits on the corresponding
cross sections, which sets limits on decay branching frastof the top quark dB(t — gu) < 2.4
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Figure 3: (a) 2-dimensional histogram for the t-channel and s-chiaané (b) Bayesian limits on the
posterior probability as a function of thigy, andaigc contribution to single top
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Figure 4: Distribution in (a) Neural network for the+jets channel and (b) the invariant mass of two jets
and ab tagged jet in the all jets channel

andB(t — gc) < 3.3.

We also measure the production cross section in the-jets channel, where we have at least
one isolatedr hadron in the final state [8], as well ag in all jets final state [9]. Figure 4 shows
comparison of characteristic distributions in each case MWasure cross sectionsagf=6.9+1.2
(stat) 28 (syst) from ther+jets channel andir= 6.9+ 2.0 pb for the all jets channel.

2. Top quark properties

Within the standard model, a precise measurement of theuagkgnassrfy) andW boson
mass My) can be used to constrain the Higgs boson mb&s)( We measuram in the [ +jets
channel by using the Matrix Element approach [10].

As in case of the cross section measurement, we define ouleséypequiring at least one
isolated lepton and jets. We calibrate the jet energy scé#&) in-situ by requiring the invariant
mass of the two light jets to be equal to the mass oithieoson. Figure 5 shows the result from a
fit to a likelihood in JES andh, and a plot of the calibrated projection on theaxis.

We obtainm = 1737+ 0.8 (stati-1.6 (syst).
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Figure 5: Studies of the mass of the top quarl #jets channel: (a) the result from a fit to a likelihood in

JES andn, and (b) a plot of the calibrated projection on theaxis
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Figure 6: (a) Negative log-likelihood function for data before cadition, as a function ain. (b) Probabil-
ity density for the expected and measured partial width— Wb)

We also perform a measurement of the top quark mass igittdilepton channel [11], where
we require one electron, one muon, at least two jets, andfisigmt Hy. The four-vectors of
neutrinos cannot be reconstructed, and we therefore mtegiver the unknown parameters (pseu-
dorapidities). We use a template method for the mass retmtisin.

The negative log-likelihood as a function wf for data before calibration is shown on Fig. 6
(a). We obtain a mass of" ™" = 1733+ 2.4 (stat}=2.1 (syst)

We also measure other properties of the top quark, one exabgihg its width. We extract
the total width of the top quark [12] from the partial decayd#il" (t — Wb) measured using the
t-channel cross section for single top quark production amah the branching fractioB(t — Wh)
measured int events. The result i§; = 1.997982 GeV, which translates to a top-quark lifetime
of i, = (3.331,;3) x 107%* s. The probability density for the expected and measuretiaparidth
I (t — WD) is given on Fig.6 (b).

The SM predicts that the top quark decays before its spireption can change. This is in
contrast with the lighter quarks, which are depolarizeatigh QCD interactions well before they
fragment. The spin of the top quark is therefore reflectedsidécay products. If top quarks decay
as predicted in the SM, then the charged lepton from\ihdecay has a spin analyzing power
of 1 at leading order in QCD. Consistently dilepton final stahave the highest sensitivity to the
correlation between the spins of pair-produced top andamtuarks. We measure the strength of
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Figure 7: (a) The distribution of the product of cosine of angles betwa lepton(antilepton) in the
top(antitop) rest frame and the beam direction for the filkmton event sample. (b) The sum of MC
signal including the expected NLO QCD spin correlation (C.Z77) (red) and multijet (gray), diboson
(yellow) and Drell-Yan (blue) production is compared toalat he black line shows the prediction without
tt spin correlation (C = 0). The comparison of data and signas plackground for the rapidity difference
betweert andt events irtt final states

spin correlations (C) [13]. Fig. 7 (a) shows the distribatfor all dilepton events. The correlation
strength is found to be C = 0.1% 0.65+ 0.53 (stat + syst), in agreement off 2vith the SM
prediction of C = 0.777.

At the Tevatron, the color-charge asymmetry is observabla farward-backward asymmetry
in the angular distribution of the top or antitop quarkstirevents. At NLO in QCD, asymme-
tries of five to ten percent appear. Some extensions of timelatd model, such & — tt decays
and warped extra dimensions, predict higher asymmetriesmeSsuch as axigluons, predict lower
asymmetries. We define forward and backward events by tmedditheir difference in pseudora-
pidity and then define the forward-backward asymme#y,) to be the difference of the number
of forward events and the number of backward events dividethé total number of events [14].
Figure 7 (a) shows the comparison of data and signal plusgoackd for the rapidity difference.
We observe an asymmetry Afp, = (8+4 (stat)+1 (syst))%. This is & from the SM prediction.

The CPT theorem, which underlines any local Lorentz-iramrguantum field theory, requires
that the mass of a particle and that of its antiparticle batidal. We check this requirement at the
Tevatron by comparing the masses of top and antitop quaB{s Ve measure the top quark mass
using the ME method. Figure 8 shows fits to the likelihoods &sation of of top and antitop
masses for thetjets andu+jets channels respectively. The measured mass diffe@f®8+ 3.7
GeV is consistent with the equality of top and antitop mass$éise level o~ 2%.

3. Searches

Measurements at LEP of the partial width of the Z boson tcsible final states exclude the
existence of a fourth neutrino with mass less than half thegbh mass. However, this does not
exclude a sequential fourth generation of fermions. The Dialsoration has soughed a fourth gen-
eration top quark that is produced in proton-antiprotorisions together with its antiparticle [16].
We assume that such fourth generation quark always decay$wtdoson and a top quark. We
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Figure 8: Measurement ofn vs my used to obtain the top - antitop mass difference for theet@ts and
(b) u+jets channels respectively.

set upper limits on the production cross section of suchkguashich are used to exclude at 95%
confidence level such fourth generation quark with a mass\bab6 GeV.
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