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1. Introduction

The top quark was discovered in 1995 by the CDF and DO Collaboratidhge devatron [1]
as the most recent member of the known families of quarks. The existerbe tdp quark was
predicted by theory, but the final proof that the observed particle isimtige one predicted by the
Standard Model (SM) is still required. Therefore, it is essential to itgate top quark properties
in great detail and to confront the measurements with theory predictiondén twrexplore whether
the top quark is connected to new physics.

In this presentation high-precision measurements of various essenfiaies such as thée
production rate, the top quark decay couplings and the top quark magsseasnted and compared
to SM predictions. The analyses are based on data collected with the D@d&teRun 11 of the
Fermilab Tevatron Collider with an integrated luminosity of up to 5.4%b

2. Top quark pair production cross section

The inclusivett production cross sectiorog) is predicted in the SM with a precision of
6% to 8% [2, 3, 4]. Due to the large mass of the top quark, many models of ghysiond
the SM predict observable effects in the top quark sector which cact dfife top quark production
rate. For example, the decay of a top quark into a charged Higgs bodaambaquark ¢ — H"hb)
would affect the value oty extracted from different final states [5]. In the SM, the top quark
decays with almost 100% probability intaboson and & quark.

We have performed a new measurement of the inclusive top quark gioaucoss section
in the lepton+jets f+jets) final state [6] where one of t\W bosons from the top quark decays
hadronically into agg’ pair and the other leptonically inteve, pv,, or tv;. We consider both
direct electron and muon decays, as well as secondary electrons and fmmt decay. The data
samples are enriched th events by requiring more than one jet of high transverse momentum,
one isolated highpr electron or muon and large missing transverse energy.bijbes are identi-
fied using a neural network (NN) formed by combining variables chatiastg the properties of
secondary vertices and of tracks with large impact parameters relative EMIfi7].

We measure th& production cross section using three methods: (i) A “kinematic” method
based ortt event kinematics where we use final states with 2, 3-@ jets. To distinguisht
signal from background, we construct a multivariate discriminant thatoés differences between
kinematic properties dft /+jets signal and the dominawW{-+jets background. (ii) A “counting”
method usindd-jet identification where we use final states with exactly three jets and more than
three jets and further separate each channel into events with 0, 1; &ietagged jets. The fit of
thett cross section to data is performed simultaneously with determining the heawyfflastion
for W+jet processes using a binned maximum likelihood fit for the predicted nuofb®rents,
which depends omii. (iii) A method utilizing both techniques, referred to as the “combined”
method where kinematic information abhget identification are used. We split the selected sample
into events with 2, 3, ang 3 jets and into 0, 1, and 1 b-tagged jets. Events witk 2 jets but no
b-tagged jet are dominated by background. For these events and atse@fds with three jets and
oneb-tag we construct a discriminant. For all other subchannels the sign&f mualready high
and therefore we do not form discriminants.
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We have also performed a new measurement in the dilegtprifal state [8] where botiv
bosons coming froh— W hbdecay leptonically. Final states with at least two jets and two leptons
(ee eu, uu), and events with one jet for theu final state were considered. In order to achieve a
better separation between signal and background, we use the distribbitte smalleb-tagging
NN output [7] of the two leading jets.

Table 1: Measuredt cross section for all three methods #fjets and dilepton channels. The first quoted
uncertainty denotes the statistical, the second the sgsierontribution.

Method /+jets kinematic /+jets counting ¢+jets combined dilepton

ai[pb] 7.68+0.31708 8.13+0.257052 7.78+£0.25'3[3 8.057339°%%°

Table 1 summarizes the measurements inftfjets channel for the three different methods
and in the// channel for a top quark mass of 172.5 GeV. All our results are consiafiém the
theoretical predictions ofir = 6.417532pb [2] and oy = 7.46™5¢5 pb [3], and they agree with
the result from the CDF Collaboration [9]. THejets cross section derived using the “combined”
method was combined with the cross section measured in the dilepton chardiekyie

Oy = 7.567 083 (stat+ syst+ lumi) pb.

The relative precision of 8% is comparable to the theoretical calculations.

3. Top quark decay couplings

In the SM the decay rate of the top quark intd/eboson and a down-type quagkq =d, s, b)
is proportional to|\/tq|2, the squared element of the Cabibbo Kobayashi Maskawa (CKM) matrix.
Under the assumption of a unitaryx33 CKM matrix, |Vyp| is indirectly constrained tdvip| =
0.999152 5-8999%910], and the top quark decays almost exclusivelyb. The existence of new
physics in top quark decays such as due to anomalous couplings or dideudhageneration of
quarks would remove this constraint and accommodate significantly smalleswvall|Vp|. In the
following two investigations of the coupling involved in top quark decays aeegnted.

3.1 Measurement of the ratioZ(t — Wh)/A(t —Wq)

We have measured the ratio of top quark branching fract®as#(t —Wh)/#(t — Wq),
whereq can be al, sor b quark, in the/+jets and// tt final states [11]. Using NM-tagging we dis-
tinguish between the standard decay mode of the top thaHdN*bW‘E(indicated bybb), and
decay modes that include light quarkp £ d, s): tt — WTbW—q; (bg) andtt — WTgqW~—q (q.q).

In the /+jets channel we use the “combined” method and infthehannel the NN discriminant as
described in Sect. 2 to extraRt We perform a maximum likelihood fit to data utilizing templates
for the decay modelsb, bqg, g q for tt as well as for all background components. Figures 1 (left)
and (middle) show the number bftagged jets i+3 jets and/+>3 jets events, respectively, for
data and simulation fdR = 0, R= 0.5 andR = 1. Figure 1 (right) compares the distributions of the
NN discriminant for predicted and observed events in the combiduhal state. Fitting simul-
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Figure 1: Number ofb-tagged jets ir/+jets events with three jets (left) and at least four jetsdite).
(Right) Distribution in the minimunio-tag NN output of the jets of highegir for dilepton final states.

taneously all channels in th# and/+jets final states, we measure= 0.90+ 0.04 (stat+ sysd).
This agrees within approximately 2.5 standard deviations with the SM predidtiBrtlose to one
and is the most precise determinatiorRatio date. Assuming the unitarity of the CKM matrix, we
extract the interval at 95% CL on the eleméwp| as 0.90-0.99.

3.2 Search for flavor changing neutral currents in decays of top garks

Flavor changing neutral currents (FCNC) allow for transitions betwaearks of different
flavor but same electric charge [12]. FCNC are sensitive indicatorgwfphysics, because they
are suppressed in the SM. Here we present a search for flavagiolgameutral currents in decays
of top quarks using 4.1 fb* of integrated luminosity [13]. We analyz&production, where either
one or both of the top quarks decay Via: Zq(q = u,c) or their charge conjugates. Any top quark
that does not decay via— Zqis assumed to decay ia— W b. We investigate channels where the
W andZ bosons decay leptonically. Thec, andb quarks subsequently hadronize, giving rise to
a final state with three charged leptois<(e, i), an imbalance in momentum transverse toipe
collision axis &, from the escaping neutrino in tW¢ — /v decay), and jets. We consider four
independent decay signatureeet+ Fr + X, eeu + Fr + X, pue+FEr + X, andupup + Bt + X,
whereX is any number of jetSjet.

To achieve better separation between signal and background, weatiaéne: andHr dis-
tributions (defined as the scalar sum of transverse momenta of all leptts)sanelzr), and the
reconstructed invariant mass for the products of the décayZgq. FCNCtt production leads
to larger jet multiplicities and also a largefr. This is shown in Fig. 2 (left). The®® distri-
bution is shown in Fig. 2 (middle). None of the investigated observables shimgnce for the
presence of FCNC in the decay tf We therefore set a 95% C.L. limit on the branching ratio
B(t — Zq) < 3.2%, which is currently the world’s best limit. This limit is converted to limits on
the FCNC vectonkqgz, and axial vectoragz, couplings yieldingwgz < 0.19 at the 95% C.L. for
m = 1725 GeV. Figure 2 (right) shows current limits from experiments at the LEFRAEand
Tevatron colliders as a function of the FCNC couplings, (defined in Ref. [12]) andk,z for
m =175 GeV.
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Figure 2: Hr (left) and m{®® (right) distributions of data, FCN@ signal, and expected background for
events withnjey > 2 (left) andnje; > 1 (middle). Right: Upper limits at the 95% C.L. on the anomalo
Ktuy @andwvyyz couplings assumingy = 175 GeV. The domain excluded by DO is represented by the light
(blue) shaded area. The hatched area corresponds to th@madddomain excluded at HERA by the H1
experiment [14]. Also shown are upper limits obtained at liyfthe L3 experiment [15] (green dashed),
at HERA by the ZEUS experiment [16] (grey dashed), and at #affon by the CDF experiment [17]
(magenta dashed). The region above or to the right of theeatisp lines is excluded.

4. Top quark mass

The mass of the top quarkn() has been measured with a precision of 0.6%, and its current
Tevatron average value im = 1733+ 1.1 GeV [18]. Beyond leading-order quantum chromo-
dynamics (LO QCD), the mass of the top quark is a convention-dependearhpter. Therefore,
it is important to know how to interpret this experimental result in terms of n@adization con-
ventions [19] if the value is to be used as an input to higher-order QCiledilens or in fits of
electroweak precision observables and the resulting indirect Higgsilmass bounds [20].

Current MC simulations are performed in LO QCD, and higher order &fface simulated
through parton showers at modified leading logarithms (LL) level. In priacipis not possible
to establish a direct connection between the mass definition as implemented in Mi@tisinsu
mMC, and any other mass scheme, such as the poléSmass scheme, without calculating the
parton showers to at least next-to-leading logarithms (NLL) accuraoyeher, it has been argued
thatmM© should be close to the pole mass [21]. The relation betwd&nand the top quark pole
mass (n{’o'e) or MS mass m'\TS) is still under theoretical investigation. In calculations such as in
Ref. [20] it is assumed that measured at the Tevatron is equatit™®.

Here we extract the pole masg®®, and theMS mass at the scale of S masspiS(miS),
comparing the measured inclusiteproduction cross sectiog with fully inclusive calculations
at higher-order QCD that involve an unambiguous definitionmpfand compare our results to
mMC [22]. This extraction provides an important test of the mass scheme aschjpphtC simula-
tions and gives complementary information, with different sensitivity to themaeand experimen-
tal uncertainties than the direct measurements{df that rely on kinematic details of the mass
reconstruction. We use the measurementigfin the lepton+jets channel using the “counting”
method [6] , calculate likelihoods fami as a function oin, and use higher-order QCD predic-
tions based on the pole-mass or t&-mass conventions to extramf°'eor mm respectively.
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Figure 3: (Color online) Measured;iand theoretical NLO+NNLL [2] and approximate NNLO [3] calau
tions of g as a function ofP®"® (left) and as a function aff'S (middle), assuming that¥'® = P The
colored dashed lines represent the uncertainties for tbetheoretical calculations from the choice of the
PDF and the renormalization and factorization scales @ddedratically). The point shows the measured
o for mMC = 1725 GeV, the black curve is the fit to the mass dependence, argtalyeband corresponds
to the total experimental uncertainty. Right plot: Conisiieon theV boson mass from the LEP-II/Tevatron
experiments and the top quark pole mass extracted frort ttress section in NLO+NNLL [2] (green con-
tour) and approximate NNLO [3] (red contour). This is cormgzhto the indirect constraints on tiiéboson
mass and the top quark mass based on LEP-1/SLD data (dastedigo In both cases the 68% CL contours
are given. Also shown is the SM relationship for the massesfasction of the Higgs mass in the region
favored by theory< 1000 GeV) and not excluded by direct searches (114 GeV to E58aBd> 173 GeV).
The arrow labelled\a shows the variation of this relation if(m2) is varied between-1 and+1 sd. This
variation gives an additional uncertainty to the SM bandashim the figure.

Fig. 3 (left) shows the parameterization of the measured and the predigted®®) [2, 3].
The extracted value off®® using the approximate NNLO calculation [3] is 16752 GeV. Cal-
culations of thett cross section [2, 3] have also been performed as a functimﬂwéfleading to
a faster convergence of the perturbative expansion [3]. Theretmmparing the dependence of
the measuredy; to theory as a function afy provides an estimate oﬂw which benefits from a
higher perturbative stability compared to the extractiorrf)cf'e. We note that a previous extraction
of m{W [3] ignored them, dependence of the measurgg Figure 3 (middle) shows the measured
o as a function ofr{ﬁ, together with the calculations [2, 3]. The results for the extracted value
of m[m for the approximate NNLO calculation [3] is 1@13:2 GeV. The Tevatron direct measure-
ments ofm, are consistent with bonhrrf’o'e measurements within 2 sd, but they are different by more
than 2 sd from the extracted”S. The results om°" and their interplay with other electroweak
results within the SM are displayed in Fig. 3 (right), which is based on Rél. [Eor the first
time, m{w is extracted with then, dependence of the measurggttaken into account. Our mea-
surements favor the interpretation that the Tevatrpmeasurements based on reconstructing top
quark decay products is closer to the pole than tdMiietop quark mass.
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5. Conclusions

Recent measurements of the top quark pair production cross sectionaidpdgcay couplings
and the top quark pole andS mass have been presented. For all investigations performed in
various final states analyzing many different observables, we abgend agreement with the SM
predictions. There are still excellent prospects for top quark physitealevatron collider since
including the full Run Il data will double the statistics for the analyses preddraee.
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