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We present new results on the search for the top quarkpircollisions at,/s = 1.8 TeV with an
integrated luminosity ofi3.5 = 1.6 pb~>. We have consideredf production in the standard model
using electron and muon dilepton decay channels—~eu + jets, ee + jets, anduu + jets) and
single-lepton decay channelsf ( ¢ + jets andu + jets) with and without tagging ob quark jets.
From all channels we have nine events with an expected background af0.9. If we assume that
the excess is due td production, and assume a top mass of 180 GéWwe obtain a cross section of
8.2 + 5.1 pb.

PACS numbers: 14.65.Ha, 13.85.Qk, 13.85.Rm

In the standard model (SM), the top quark is the weakrThe CDF Collaboration has presented evidence for top
isospin partner of thes quark. Precision electroweak quark production of mas$74 + 10%]3 GeV/c? with a
measurements indirectly constrain the SM top quark massross section ofi3.9°%4 pb [3]. The present analysis,
to be178 = 11*}5 GeV/c2 [1]. The DO Collaboration re- which is based on the same data sample as Ref. [2], in-
cently published a lower limit on the mass of the topcludes three additional top quark decay channels, reopti-
quark of 131 GeYc?, at a confidence level of 95% [2]. mizes the event selection criteria for higher mass top, and
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provides a background-subtracted estimate of the top pro- TABLE I. Selection criteria for the seven top channels.
duction cross section [4].
We assume that the top quark is pair produced and dé**

+ jets =1 electron € > 15 GeV, |5| < 2.5)
=1 high-pr muon (p; > 12 GeV/c, Iyl < 1.7)

cays according to the minimal SM (i.e7,— W W~ bb), AR(e, ) > 0.25
and subsequently th& decays into leptonsW — €7, =7 jet’s Er > 15 GeV, || < 2.5)
where ¢ = e, u, or 7) or quarks. We searched for the E5" > 20 GeV, fr > 10 GeV

following distinct decay channels: (@) — ¢,€,7,v,bb, .

the dilepton channels, with branching fractioné8® for ~ ¢¢ *Jets =2 electrons(E; > 20 GeV, |y| < 2.5)

ep + jets and ¥81 each foree + jets anduu + jets, =2 jets (Ey > 15 GeV, Iyl < 2.5)

and (b) ¢ — €pqg'bb, the single-lepton channels wal iig gez if m.., — my| < 12 GeV

e + jets andu + jets, each with a branching reaction of ! O T Wlee = 0z ¢

12/81. The latter were further subdivided intetagged pp + jets =2 high-p; muons(p; > 15 GeV/e, Inl < 1.1)

and untagged channels according to whether or not a =2 jets (Er > 15 GeV, |nl <2.5)
soft muon was observed. We denote the gotagged My, > 10 GeV/c?
channels by + jets/u andu + jets/u. The probability At < 140 if fr < 40 GeV
that at least one of the twb quarks in as7 event will A¢(Er, py+) > 30
decay to a muon, either directly or through a cascadg + jets 1 electronE; > 20 GeV, |5l < 2.0)
(b — ¢ — w), is approximately 40% [5]. No soft muons
The DO detector and data collection systems are de- =4 jets (Er > 15 GeV, Iyl < 2.0)
scribed in Ref. [6]. The basic elements of the trigger and ' > 25 GeV
reconstruction algorithms for jets, electrons, muons, and A > 0.05, Hr > 140 GeV
neutrinos are given in Ref. [2]. Cutjets 1 highp, muon(py > 15 GeV/e, Inl < 1.7)
Muons were detected and momentum analyzed using No soft muons
an iron toroid spectrometer outside of a uranium-liquid >4 jets (E; > 15 GeV, |5| < 2.0)
argon calorimeter and a nonmagnetic central tracking sys- E5" > 20 GeV, Fr > 20 GeV
tem inside the calorimeter. Muons were identified by A > 0.05, Hr > 140 GeV

their ability to penetrate the calorimeter and the spec-
trometer magnet yoke. Two distinct types of muons® ~1 soft muon(p;, > 4 GeV/e, |nl < 1.7)
were defined. “Highp;” muons, which are predomi- =3 jets (E; = ZIZ)TGeV, Il <’2.87) '
nantly from gauge boson decay, were required to be iso- '~ 20 GeV

lated from jet axes by distanc®R > 0.5 in n-¢ space ES > 35 GeV if Ap(ES, p) < 25°

[n = pseudorapidity=tanh !(cosf); 6, ¢ = polar, az- . )

imuthal angle], and to have transverse momengyne> 4 t Jets/u 1 highpy muon(pr > 15 GeV/e, Inl < 1.7)
12 GeV/c. “Soft” muons, which are primarily from, ¢, il soft muon(pr > 4 GeV/e, Inl < 1.7)
or /K decay, were required to be within distank® < =3 Jets (Er > 20 GeV, [l <2.0)

) ) . EF' > 20 GeV, Er > 20 GeV
0.5 of any jet axis or, alternatively, to havepa less than F(T)r highestp; maon:Atb(Er,,u) < 170°

the minimum of a highp; muon.  The minimuny; for and|Ad (Fy, w) — 90°1/90° < Fy /(45 GeV)
soft muons was 4 Ge\¢ and the maximunw for both
kinds of muons was 1.7.

Electrons were identified by their longitudinal and The acceptance fai events was calculated for several
transverse shower profile in the calorimeter, and weréop masses using thesAJET event generator [7] and a
required to have a matching track in the central trackingletector simulation based on tBeanT program [8].
chambers. The background from photon conversions was Physics backgrounds (those having the same final state
reduced relative to that in Ref. [2] by the imposition of particles as the signal) were estimated by Monte Carlo
an ionization (dE/dx) criterion on the chamber track. simulation or from a combination of Monte Carlo and
Electrons were required to hayg| < 2.5 and transverse data. The instrumental background from jets misidentified
energyEr > 15 GeV. as electrons was estimated entirely from data using

Jets were reconstructed using a cone algorithm of radiuthe measured jet misidentification probability (typically
R = 0.5 with a minimumE; of 8 GeV. The minimum 2 X 10~%). Other backgrounds for muons (e.g., hadronic
Er for jets to be included in the top analysis was either 15unchthrough and cosmic rays) were found to be negli-
or 20 GeV (see Table I). gible for the signatures in question.

The presence of neutrinos in the final state was inferred The signature for dilepton channels was defined as
from missing transverse enerd¥r). The calorimeter- having two highpr isolated leptons, two jets, and large
only Fr (E5") was determined from energy deposition ;. The selection criteria are summarized in Table I.

+ jets/u 1 electron(Er > 20 GeV, || < 2.0)

in the calorimeter for|n| < 4.5. The total fr was Physics backgrounds to the dilepton channels stem
determined by correctingt® for the measuredp; of  mainly from Z and continuum Drell-Yan production
detected muons. (Z,y* — ee, uu, andr7), vector boson pair6vVw,wz),
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TABLE II.

integrated luminosity, and the number of observed events in each channel.

Efficiency X branching fraction(s X B) and the expected number of eveid)) in the seven channels, based on
the central theoreticadf production cross section of Ref. [12], for four top masses. Also given are the expected backgrounds,

m,(GeV/c?) eu + jets ee + jets uu + jets e + jets w+jets e +jets/u u +jets/u All

e X B (%) 0.31 = 0.04 0.18 = 0.02 0.15 = 0.02 1.1 = 0.3 0.8 = 0.2 0.6 = 0.2 04 = 0.1

140 (N) 0.71 = 0.12 0.41 = 0.07 0.25 = 0.04 25 0.7 1.3 =04 1.4 £ 0.5 0.7 = 0.2 72+ 1.3
e X B (%) 0.36 = 0.05 0.20 = 0.03 0.15 = 0.02 1504 1.1 £0.3 09 = 0.2 0.5 = 0.1

160 (N) 0.40 = 0.07 0.22 = 0.04 0.12 = 0.02 1.7 £ 0.5 09 +03 1.0 = 0.3 04 = 0.1 47 = 0.8
e X B (%) 0.39 = 0.05 0.21 = 0.03 0.14 = 0.02 1.6 =04 1.1 £0.3 1.1 =02 0.7 = 0.1

180 (N) 0.22 = 0.04 0.12 = 0.02 0.06 = 0.01 09 =03 0.5+ 0.1 0.6 = 0.1 03 = 0.1 27 +04
e X B (%) 0.40 = 0.05 0.30 = 0.04 0.14 = 0.02 1.8 =04 1.3 0.3 1.4 = 0.1 0.8 0.2

200 (N) 0.12 = 0.02 0.09 = 0.02 0.03 = 0.01 0.5 = 0.1 0.3 = 0.1 0.4 = 0.1 0.2 = 0.1 1.7 = 0.3
Background 0.27 = 0.06 0.16 = 0.07 0.33 = 0.06 1.3 0.7 0.7 0.5 0.6 = 0.2 04 = 0.1 3.8 09
f[dt (pb’l) 135 = 1.6 135 £ 1.6 98 = 1.2 135 = 1.6 98 = 1.2 135 £ 1.6 98 = 1.2

Data 1 0 0 2 2 2 2 9

and heavy flavor {b and cc) jet production. The events with four or more jets. In contrast, the soft-

en + jets andee + jets channels have additional back- tagging probability for top quark events is calculated
grounds from jets misidentified as electrons. The backby Monte Carlo simulation to be about 20% per event.
ground estimates obtained with the new selection criteridn admixture of a top signal iw + jets events could
are more than a factor of 2 lower than those of Ref. [2],appear in high jet multiplicities (three or four jets) as
whereas the acceptance for tiesignal in the high mass excess untagged or tagged events. In the absence of top,
region ¢n, > 130 GeV/c?) is similar. Table Il shows the the number ofW + jets events is expected to decrease
acceptances and the expected number efents for four exponentially as a function of the jet multiplicity [10].
values of the top mass, the total expected background, ariche observed number of tagged events is higher than the
the number of observed events. Tde event that passes number expected from background, but the significance
all selections was discussed in Ref. [2]. of the excess is low.

The signature of the single-lepton channels was defined The untagged single-lepton analysis made use of the
as having one higlp+ lepton, largefr, and a minimum of  distribution of events in theA-Hy plane. Figure 2
three jets (with soffu tag) or four jets (without tag). For shows scatter plots ofA vs Hy for (a) expected mul-
the untagged channels, additional background rejectiotijet background, (b) expecte® + 4 jet background,
was achieved through event shape criteria based on ti{e) 180 GeVc? top, and (d) the observed distribution
aplanarity of the jets in the laboratory framed [9], for untagged lepton+ 4 jet events. The multijet back-
and on the scalar sum of thg’s of the jets, which we ground was calculated from data by the method described
call Hy. The criteria used for selecting the single-leptonabove. The points in Fig. 2(a) are data points with a
channels are shown in Table I. Only the jets that passelbosened electron requirement, excluding real electrons.
the criteria of Table | were used in calculatidg andH;.  The prediction for the untagge? + 4 jet background

The main backgrounds to the single-leptérchannels [Fig. 2(b)] was calculated using thecsos Monte Carlo
were from W + jets, Z + jets (for u + jets/u, and
multijet events where one jet was misidentified as an ]
isolated lepton. The latter do not normally have lagge 103+
We estimated the multijet background directly from data, ; "
based on the joint probability of multijet events having 102-;
large ¥ and a jet being misidentified as a lepton. 3

Figure 1 shows the number of- and multijet-
background-subtractedv + jets events, for electrons
and muons combined, as a function of the minimum jet o
multiplicity, with and without softy tag. The#r and -1 1
jet Er criteria were those of Table | for the untagged and 3 , , .
tagged analyses respectively. Also shown is a prediction 0 1 2 3
of the number of sofjz-taggedw + jets events derived
from the number of untagged events folded with tagging’:I

rates obtained from multijet data. The multijet tagging SR .
o . . - and softu-tagged (solid circlesyv + jets events, afteZ and
probability was observed to increase linearly with themultijet background subtraction, and the number of $oft-

number of jets, being approximately 1.5% per event folagged events expected in the absence of top (open circles),
events with three or more jets, and 2.0% per event foas a function of the minimum number of jets.

Events

—o
A0 —o =
— -

Minimum number of jets

G. 1. The observed number of untagged (solid squares)
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