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1. Introduction

In 1995 the top quark was discovered at the Tevatron prattipraton collider at Fermilab by
the CDF and D@ collaborations [1]. It is the most massive kmelementary particle and its mass
of the order of the electroweak symmetry breaking scale estgpat it may play a special role in
new physics models. So far the Tevatron collider is the otdgeto study the top quark.

At the Tevatron collider, with a center of mass energy/sf= 1.96 TeV, most top quarks are pair
produced via the strong interaction. About 85% of the topspaie produced via quark-antiquark
annihilation and 15% via gluon fusion. Beside the productdtop quarks in pairs also the pro-
duction of single top quarks in electroweak interactionudti@xist and its cross section is predicted
to be~ 2.5 smaller than the top pair production cross section.

In the standard model the top quark decays predominanttyall¥ boson and & quark, with a
branching ratio close to 100%. Different decay channeldetinguished according to the decay
mode of the boson.

Top pair events with botklV-bosons decaying leptonically & or uv are called dilepton events,
events with only on&V-boson decaying leptonically are called lepton+jets evantd events with
bothW-bosons decaying hadronically are called all hadronic isvéviost of the top pair measure-
ments are carried out in the lepton+jets channel, which ésatdterized by moderate background
and a branching ratio of about 30%. In single top quark ewsetsonsider only the leptonic decay
of theW-boson, the branching ratio is here about 21%.

2. Top Quark Propertiesin Production and Decay

Investigating top quark properties in production and desdlyanswer the question whether
the observed top quark behaves actually like the top quatligted in the standard model (SM).
In this article the production cross section for top paird aimgle top quarks, characteristics of
top pair production like the fraction of gluon fusion protioo and the forward-backward charge
asymmetry, and the Wtb coupling are discussed.

2.1 Single Top Quark Production Cross Section

The challenge of measuring the single top quark cross seetidhe Tevatron is the huge
background of W+jets events. A simple cut based event sateit here not sufficient and to
improve the sensitivity both experiments use multivari@ehniques, like likelihood functions,
decision trees, matrix element methods and neural netwdrksverview of the most recent single
top quark cross section measurements performed at therdevatpresented in figure 1. The CDF
likelihood function, neural network and matrix elementcdiinants have been combined in a
neural network to obtain a super discriminant. An analysipleying this technique on.2fb~!
saw an excess of signal over background, and a cross set8dh @g pb is obtained [2]. The result
is below but consistent with the SM prediction aP2: 0.4 pb. The expected signal significance
of the CDF combination is.& o while a significance of 3 ¢ is observed. The three multivariate
analyses [3] from D@ have been combined using BLUE, the liesad unbiased estimator. A
cross section of Z+ 1.3 pb is obtained, which is larger than but consistent withrSNeprediction.
The expected signal significance of the D@ combination3wavhile a significance of o has
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Figure 1. Left: Single top quark production. Shown is an overview of ttross section measurements
performed at the Tevatron. Middle: Measurement of the fodwzackward charge asymmetry. Shown is the
reconstructed rapidity difference of the top and anti-taprff. Right: Study of th&Vtbcoupling. Shown is
the single top quark boosted decision tree discriminantrasgy f = fRX = 0.

been observed. Both Tevatron experiments see strong eedenelectroweak single top quark
production.

2.2 Top Pair Production

The top pair production cross section has been measurefféredit decay channels and with
different methods. In contrast to the single top quark petidn measurement, many top pair cross
section measurements are counting experiments, as lohgyaare performed in regions with low
background (e.g. lepton+jets channel with 4 jets and at essjet tagged as-jet). The most pre-
cise measurements are obtained in the lepton+jets chakihtelp pair cross section measurements
are consistent with each other and assuming a top quark ha3$ GeV/¢ the combination of
the CDF measurements yields a cross section@f0.3 (stat.)* 0.4 (syst. 1= 0.4 (lumi) pb, while
the combination of the D@ results yield874- 0.5 (stat.4- 0.6 (syst.)}+ 0.5 (lumi) pb [4]. Thus, the
top pair production cross section is now known with a reatimcertainty of about 9% at Tevatron
center of mass energies.

The fraction of top pair events produced via gluon fusion lkesn measured in three CDF
analyses [5]. Two analyses use variables which are semsitithe different spin configuration of
the top quarks in gluon fusion and quark-antiquark anribitaevents. The analysis performed in
the lepton+jets uses a neural network while the more receiysis in the dilepton channel utilizes
just the azimuthal angle difference of the two charged leftdA third analysis, performed in the
lepton+jets channel, exploits the fact that gluons emitarswft gluons than quarks and so the
number of tracks with small transverse momentum is usedresitise variable. The combination
of both lepton+jets analyses yields a gluon fusion fractib(i73°)% (1fo~1), while the dilepton
analysis obtains a fraction ¢63739)% (2fb~1). Both results are consistent with the SM prediction
of about 15%.
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At the Tevatron a small forward-backward asymmetry of atadatis predicted in SM top pair
production. In new physics scenarios witlZ'aor an axigluon this asymmetry can be as large as
+30%. The asymmetry is frame dependent and is predicted targest in the top pair rest frame.
To measure the asymmetry the lepton+jets channel is usetharabymmetry in the top pair rest
frame has been studied by both experiments, using the tapiffierence of the top and anti-top.
This quantity is presented in figure 1 for the CDF analysis.e TDF collaboration performed
also an asymmetry measurement in the laboratory frame ttstngolar angle of the hadronically
decaying top quark as sensitive variable. The D@ collammratbtains an uncorrected asymmetry
of (12+8)% [6], while an asymmetry of 8% is predicted. To account for sizable acceptance and
measurement dilution effects the CDF collaboration casrte raw results for these effects leading
to an asymmetry of24+4 14)% in the top rest frame and {48+ 8)% in the laboratory frame [7].
The measured asymmetries at the Tevatron are larger bustarisvith the SM prediction within
uncertainties.

2.3 Wtbcoupling

The generalVtbvertex contains besides the left-handed vector coudlingso a right-handed
vector couplingf} and tensor couplingés and f. In the SM onlyf} is non-zero, namely one, and
non-SM couplings would affect the single top quark produtin rate and kinematic distributions.
The D@ collaboration uses the single top quark boosted idadiee discriminant to determine two
couplings at a time while the other two are assumed to begiblgj see figure 1. This analysis
yields for the scenario witlif = fX = 0 the couplingsf} = 14732 and f} < 0.5 at 95% C.L. [8].
Besides single top quark production also the helicity\ébosons in top pair decays would be
affected by non-SNMVtbcouplings. In the SM the fraction of longitudinally polee@W bosons is
fo = 0.7, the fraction of left-handed-bosonsf_ = 0.3 and the fraction of right-handed W-bosons
is f, =0.0. The reconstructed c@s, with 68* being the angle between the charged lepton or the
down type quark and the negative direction of the top quatkemest frame of the W boson, is here
used as sensitive variable. The most recent CDF analysebei$eptonically decayinyV boson
in the lepton+jet channel and two analyses have been cothhiite BLUE. The D@ analysis uses
also the dilepton channel and uses bBatlbosons in each event in case of the lepton+jets channel.
The reconstructed c@s distribution is fitted and the CDF combination yields for #imultaneous
fit 0.66+ 0.16 for fop and—0.03+ 0.07 for f. while the D@ collaboration obtains49+ 0.13 for
fo and 0114+ 0.07 for f, [9]. All W-helicity measurements in top pair events performed at the
Tevatron are compatible with the SM prediction.

3. Top Mass M easurement

The masan of the top quark is an important standard model parameteipegision mea-
surements of the top quark ald masses test the consistency of the SM, and in particular the
Higgs mechanism. In order to measure the top quark mass ioeveats in all decay channels are
used and to reduce the systematic uncertainty due to thegeg\e scale uncertainty the jet energy
scale (JES) is calibrated in an in situ measurement usingafienically decayinyV boson in the
lepton+jets and all hadronic channel. The CDF collaboratias also performed measurements in
the lepton+jets channel using not the reconstructed top assensitive variable but the transverse
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Figure 2: Measurement of the top quark mass. Left: Tevatron top masbication. Right: Most precise
top mass measurement in the lepton+jets channel perforyntilCDF collaboration.

momentum of the charged lepton and the decay lengthtafiged jets. These variables are almost
entirely independent of the jet energy scale and thus peocaidross check on the measurements
involving JES, albeit statistically limited. The combiiat of all these measurements, see figure 2,
yields a top mass of 172+ 0.7 (stat.)+ 1.0 (syst.) GeV/é [10], meaning that the top quark mass
is now known with a relative precision of 0.7%. The measumr@siperformed in all channels and
with different methods are consistent with each other.

The most precise top quark mass measurements are carrigdtbatlepton+jets channel and the
most recent lepton+jets measurements use the matrix elemethod, the in situ jet energy scale
calibration and neural networks. Figure 2 shows for the C[@asarement the likelihood contours
as a function of the top mass and the in situ jet energy scaer. The most precise single
measurements of both experiments yield a top mass oRG&V/ with a relative uncertainty of
about 1% [11].

4. Search for New Physicsin the Top Quark Sector

Since the top quark is the only known fermion with a mass ofdtder of the electroweak
symmetry breaking scale it may play a special role in new igBymodels. Searches for new
physics in top quark events and in events with top quark sigege.g. lepton+jets channel) are
discussed.

Both Tevatron experiments performed searches for heavgineassonances in top pair [12]
and single top quark production [13]. In case of top pair &véhe reconstructed mass of the
top quark pair system is studied and D@ and CDF find so far nofbira heavy resonance, e.g.
Z', heavy gluon. The D@ collaboration sets for example a lowsit lon a narrow leptophobic
Z' of 760GeV/€. To search for resonant single top quark production (e.grged HiggsW')
the invariant mass of the reconstructed top quark and thiti@ual b-jet is used. Both Tevatron
experiments find so far no hints for massive resonances gtesiop quark production.
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Figure 3: Search for new physics in the top quark sector. Left: Seach tharged Higgs in the decay of
top pair events. Shown is the limit as a function of the chadg&gs mass and tghobtained by the DG
analysis. Right: Search fat pair production. Shown is the limit on théproduction cross section as a
function of the reconstructémass.

The CDF and D@ collaboration have also performed searchrea tharged Higgs in the
decay of top pair events [14]. The deday> bH™ is allowed in the minimal super-symmetric SM
(MSSM). At low tanB the decayH " — cs’is important while at large tg the decayH* — TV
becomes dominant. Here t@ns the ratio of the vacuum expectation values of the two Higgs
doublets. The CDF collaboration searches Hor — c¢s by using the invariant mass of the two
light-quark jets assigned as jets originating from the ghdrHiggs. The D@ collaboration chose a
different ansatz and searches for a charged Higgs decayimgither acs or Tv by measuring the
rate of top pair events across the decay channels: leptsnigepton and tau+lepton. The limits
as a function of the charged Higgs mass an(Btattained by the D@ analysis are presented in
figure 3.

Most recent searches for flavor changing neutral curref@®E) have been performed by the
CDF collaboration. In top pair events CDF searches for FCH&s liket — Zgby looking at the
x?2 of a kinematic fit with FCNC hypothesis. From a fit to thi$ variable an upper limit of 3.7%
for the branching ratia — Zc is derived [15]. The CDF collaboration searches also for ECN
in single top quark production and looks here for events wiltlee fusion of a gluon and & or
c-quark leads to a single top quark. A neural network is useskparate FCNC top quark events
from background events. From a fit to the neural network dudipuwipper limit on the anomalous
single top quark cross section aBpb is determined and upper limits on the anomalous coupling
of Kgry = 0.018 TeV-! andkqic = 0.069 TeV* are derived [16].

Searches for new physics in events with top quark signatave been performed by both
Tevatron experiments. Here, only the most recent resultsiscussed. The CDF collaboration
searches in events with top pair lepton+jets signature Faraary top like quark [17], €, decaying
into aW boson and a quarlb(s,d) assuming that the mass split betweds and at’ is below the
W boson mass. The reconstructéthass as well as the total transverse energy in the eventedle us
in a 2-dimensional likelihood fit leading to the limit on thleproduction cross section presented
in figure 3. In events with top pair dilepton signature CDFrekas for a light super-symmetric
top partner £ my), the stop [18]. In this analysis, it is assumed that the siepays with 100%
into a b quark and a chargino which would then decay via difiermodes into a neutralino, a
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charged lepton, and a neutrino. The stop mass is recoradrémt each event assuming the pair of
neutralino and neutrino to be a pseudo particle and lim@seatracted from this variable showing
that there is so far no hint for a stop in the data.

5. Conclusion

In this article the most recent results on top quark physiosfthe Tevatron have been pre-
sented. Many efforts have been made to study the top quarkafat the top quark behaves as
predicted in the standard model. The top quark mass is nmeghsery precisely with a relative
precision of 0.7% and so far no significant hints for new ptyy$n top quark events as well as
in events with top quark signature have been found. Most ureasents of top quark properties
are limited by statistics, so we expect these to continuemarave in precision along with the
sensitivity to new physics as more data is collected.
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