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Figure 1. Top quark candidates in the DO lepton+jets channel [3]. Ratl iMore then 1000 events are
observed by DO Collaboration.

1. Introduction

The top quark is old news. It was discovered almost 15 yeassbggwo scientific collab-
orations, DO [1] and CDF [2]. But even after all these yearsan@ CDF are still the only two
places where this particle can be observed and studied.isThecause DO and CDF are two main
experiments on the Tevatron, the highest energy hadroideolh the world to this day.

But, due to the efforts of only two relatively small teams faipysics evolved by leaps and
bounds from its humble beginnings in 1995. The top quark viscodered with an observation of
only 19 events by CDF and 17 by DO. Today each collaboratigrchiected over 1000 top events,
as can be seen in Fig 1 for instance. In this report we preberlatest findings based on over 3
fb~! of data collected.

The top quark is by far the heaviest elementary particle knv2.5 GeV according to the
latest measurements) and because of this it can only be ggddat the Tevatron, a 2 TeV center
of mass proton-antiproton collider. It occupies a uniqusifimn among elementary particles with
a mass close to the mass of an entire gold atonTandl.4GeV >> Aqcp.

2. Top physicsoverview

Within the Standard Model of particle physics, the top gquaitharacterized by only a handful
of parameters. The main ones are the top mass and the threenGifix elements involving top.
The two off-diagonal element¥{ andV;s) are very small and can not be measured directly (see
[4] for some of the indirect constraint results frasn- B_oscillations). Therefor®iy andMop are
the most important measurements for the top quark.

But before studying the properties of top quark we need toadlgt observe its production.
The two production modes of the top quark at the Tevatronagr-@ntitop pairs (Fig. 2) and single
top (Fig. 2).

The observed top quark events are used to meaggi@nd Mo, and many other interesting
properties: spin correlations, charge asymm#thhelicity etc.
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Figure 2: Representative Feynman diagramsttqsroduction at the Tevatron.
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Figure 3: Representative Feynman diagrams for single top produatitime Tevatron.
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Figure4: btagging using the Impact Paramedi).

3. b-tagging

Since a-quark appears more than 99% of the timé-guark decay$-tagging is the is a very
important tool for studying top. There are three effectivayw/to distinguistb-jets from the light
quark jets:

e soft lepton tagging (SLT) - b-jets can be identified by the presence of an associated muon
(BR(b — ) ~ 10%).

e secondary vertex tagging (SVT) - ab-jet has a displaced vertex due to the finite lifetime of
the heavy quark.

e Impact Parameter (IP) tagging - Similar to SVT but relies on the impact parameters of the
tracks contributing to the displaced vertex (see Fig 4).

Each of these has its advantages and disadvantages busthreddts are obtained by com-
bining them in one Neural Network discriminant. This impeeb-tag efficiency by about 30%
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without sacrificing purity [5].

4. Top Production

The main (“golden’) channel for top quark production is ie thepton+jet” final state with
Feynman diagram shown in Fig 5(a). The most important backgt for this channel ig/+jets,
which has very similar topology (Fig 5(b)). Another crudmckground source consists of multi
jet QCD events in which one of the jets is misidentified as #oleFig 5(c)).
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Figure 5: Feynman diagrams fdt — |+jets (a) and two of its main background sourcéstjets (b) and
multi jet QCD (c).

Both CDF and DO have developed very sophisticated algostfon reducing these back-
grounds and enhancing the signal. The major componentstagging (described in the previous
section) and artificial Neural Networks [6, 7].

As a result of applying these techniques to more thaib3! of data, both collaborations
managed to measure tttecross section with total uncertainty of about 10% [8]. Tkibélow the
theoretical uncertainty.

5. Single Top

While top quark pair production was discovered in 1995, Isitgp discovery was only achieved
over a decade later. Part of the reason for this is that stoglproduction has a factor of two lower
cross-section thatt at the Tevatron. But much more important is the fact thatlsitgp appears
nearly indistinguishable topologically from Wg+jets background. It took careful study of dozens
of characteristic variables using some of the most advameétivariate techniques available today,
such as Boosted Decision Trees (BDT) [9, 10] to finally maleediingle top observation.

And it also took 10 years of data taking. Figure 6 demondrtite latest results from DO and
CDF with both collaborations achieving oveSsignificant observation of the single top quark.

6. Top Mass

Mass is one of the most important measurable parameteredbphquark. The top-quark
mass is also a fundamental parameter in the Standard Modehffects electroweak radiative
corrections. It can also be used to indirectly constrainntzss of the still undiscovered Higgs
boson [11].
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Figure 6: Single top observation. Single top is shown as a blue hiatagim the DO plot and as red on the
CDF plot. Threeo is achieved in both cases.
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Figure 7: Top mass results from DO and CDF [14].

There are two principle methods for measuring the top qua&snthe template method and
the matrix method. The template method uses MC templatds diffierent masses to fit to top
data [12]. The matrix method uses a probability density that function of the top mass. The
probability density function accounts for the acceptararettie top pair signal, the cross section
matrix element and a transfer function, which connects oredsjet objects with original quarks
[13].

Both methods do an admirable job measuring the top masshwias measured with less
then 1% uncertainly, as summarized in Figure 7.

7. Charged Higgs

As we mentioned in the introduction, the top quark is a powédol for new physics searches.
One area where the top is indispensable is searches for emdext Higgs sector, in particular the
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Figure 8: Charged Higgs expected signal at different values of tdptdoranching ratio.

Charged Higgs bosorH(") predicted by MSSM.

In the Standard Model the top quark always decays o boson and & quark. If anH™
exists and is lighter than top then we can have the followagemarios:

tt — WTbW-b

tt — WtbH b

tt - Htbw~—b

tt - HtbH b

The Charged Higgs then decays almost exclusively tdepton. This is very different from
theW channels, which respect the flavor universality of the Sdeshdvlodel. As a result of this,
if an H™ exists, the event yield of top pair final states that includeptons would increase and
decrease for nom-final states (Fig. 8).

This allows the Tevatron collaborations to perform Chargéghs searches. No evidence of
H* was observed and new limits were set on it [15].

8. Search for resonant top production

Another scenario beyond the Standard Model is resonanuptioth of top quark pairs. An
example as such production would b&'alecaying to a top-antitop pair (Fig. 9(a)), but any hypo-
thetical heavy boson would produce such an effect. Bottabohations used top pair candidates to
look for evidences of such production mechanism and no suvider®ce was observed so far (Fig.

9(b)).

9. Conclusions

This paper only presented a few selected analyses perfahizg@land CDF. Not all important
analyses could be included. For a complete overview of tie: fiease refer to [8].

We however demonstrated here two major developments indagkgphysics over the past
decade: observation of single top and measurement of tofk goass with precision of more
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Figure 9: Search for resonant top pair production by DO [3].

than 1%. These are expected to be greatly improved in fusin@e data is collected at the
Tevatron. Figures 10(a) and 10(b) demonstrate projecteel@@ment in single top and top mass
measurements. We also presented two of the many beyonda®daviddel searches made possible
using top quark.
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Figure 10: Projected development of top physics measurements.
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