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We present preliminary results from a search for the top quark in the dilepton
channel using data collected by CDF during the 1992-93 Fermilab Collider Run.
The dilepton analysis implies a lower limit on the top quark mass of 113 GeV/c?
at the 95 % confidence level, assuming Standard Model decays.

The Fermilab pf collider has recently completed the 1992-93 run, during which
21.4 pb 7! of data were collected by the CDF experiment. During the preceding run
in 1998-89, CDF collected 4.1 pb~! and set a lower limit of 85 GeV on M., from
the dilepton channel alone. When combined with the results from the lepton + jets
+ b channel, where the b was tagged through its semileptonic decay into muons, an
improved limit of 91 GeV at the 95% confidence level was obtained. These analyses are
described in detail in [1, 2]. In the following paper we describe the dilepton analysis
for the new data from 1992-93.

Top quarks are expected to be produced at the Fermilab collider mainly via the
process pp — tt, and then to decay into a W boson and a bottom quark, t — Wbh.
The W decays into a pair of quarks (ud or ¢3) or into leptons (ev, pv, or Tv). The
final states of the top quark decay are either three jets or a jet accompanied by a
charged lepton and a neutrino. Due to large QCD multijet backgrounds, useful top
quark signatures must employ at least one lepton (e or u). The signature used here is
two high-Pr leptons. Most of the acceptance comes from leptons from W-decay, but
electrons and muons from b or 7-decay are also accepted.

CDF is a solenoidal detector with good electron and muon identification capabil-
ities. Electromagnetic and hadronic calorimeters with projective towers cover nearly
the full solid angle. Inside the region || <1.2 the central tracking chamber (CTC)
measures charged particle momenia with precision §Pr/P? ~ 0.0011 (GeV/c)~*. A ver-
tex time projection chamber (VTX) located between the beam pipe and the central
tracking chamber provides tracking information out to || = 3.25. Electrons are iden-
tified in the rapidity regions (5| <1.0 (central calorimeter) and 1.26 < [5| <2.2 (plug
calorimeter). Eleciron candidates have calorimeter clusters with mostly electromag-
netic energy and with lateral shower profiles consistent with test beam electrons. They
must be associated with a track extrapolating to the calorimeter shower position. For
central electrons, the track momentum must be in good agreement with the calorime-
ter energy. In the plug region, where the CTC resolution and efficiency are degraded,
energy-momentum matching is not required, and tracks in the VTX are also used for
position matching. Electron pairs from photon conversions and Dalitz decays can be
rejected if a second nearby track forming a low mass pair is found in the CTC. Photon
conversions can also be rejected if no track is found in the VTX. Muons are identified
in the region |n| <1.2 by requiring that the tower to which the candidate track extrap-
olates has energy deposition consistent with that of a minimum ionizing particle. The
region |p| <1.0 is instrumented with muon chambers, outside of the calorimeters, for
triggering and improved muon identification.
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After the lepton identification cuts and a transverse momentum cut, Pr > 20
GeV/c, on both leptons, there are 9 ey , 1141 ee, and 547 pi events in the 1992-93
data. Kinematic and event topology cuts are then applied to reject backgrounds. A
back-to-back cut, requiring A¢ys < 160 degrees, where Adyy is the dilepton azimuthal
opening angle, and a missing Er cut, fr > 25 GeV, reduce Drell-Yan, 4, and hadron
misidentification backgrounds. An additional dilepton invariant mass cut around the
Z° peak, 70 < My, < 110 GeV/c?, is used for dielectrons and dimuons. In ¢7 dilepton
events there would be two undetected high transverse energy neutrinos, and the two
leptons are not expected to be back-to-back. Therefore, with these cuts we expect
good tf acceptance.

Of the 1141 ee and 547 uyu events, 77 ee and 54 pu events survive the invariant mass
cut (see Figure 1). After imposing the A¢,; and Pr cuts, one dielectron event remains
in the data. Two of the nine eu events pass the Agy; and Fr cuts (see Figure 2).

The detection efficiencies for the dilepton analysis are summarized in Table 1.
The observed cross section is related to the ¢f production cross section as follows :
Tobs = O3Be€iota1, where B = % is the semileptonic branching fraction into ee, up,
or ex. The total efficiency is decomposed into several parts and written as ey =
€geom-Pr €10l €ID Cevent Etrigger- A8 done in reference [2], we use the Monte Carlo to de-
termine the geometric and kinematic acceptance €geom.p; , the efficiency of the isolation
cuts €01, and the efficiency of the topology cuts (Mg, Er, Ad) €evens- The efficiency of
the lepton identification cuts ¢;p is determined from Z° — ee and Z° — pp data. The
trigger efficiencies €rigger are determined using data collected by independent triggers.

For high mass top events the two b quarks can deposit considerable energy in the
calorimeters. A better separation between signal and backgrounds can be obtained by
requiring two jets in the region || < 2.4 with observed calorimeter transverse energies
E7 > 10 GeV. The efficiency of the two-jet cut Etwo-jee 18 listed as a function of M,
in Table 1, and is included in the total detection efficiency of an optional second set of
cuts, €/f,;. Of the three events in the signal region, two of them (the two ep events)
satisfy the two-jet requirement.

The backgrounds in the dilepton channel are summarized in Table 2. Backgrounds
from particle misidentification (fakes) are estimated by measuring the probabilities for
tracks or calorimeter clusters from a jet background sample to satisfy muon or electron
identification cuts. The fake probabilities are then applied to the number of events
in the data with a lepton + track or cluster. Heavy flavor backgrounds, mostly b5 ,
are studied by using the ISAJET Monte Carlo to get rejection factors for the Pr cuts,
event topology cuts, and two-jet cuts. The bb Monte Carlo yields for lower momentum
dileptons (P} > 15 GeV/c and P} > 5 GeV/c) are then normalized to the number of
such events found in the data. Z — 77 — ep, ee, or yu  are studied using a data
sample of Z —» ee events and substituting the electrons by Monte Carlo r's which
are then decayed into e or u. Similarly, Drell-Yan dielectron and dimuon backgrounds
from the continuum, are studied by using Z data to obtain rejection factors for Pr
cuts, event topology cuts, and two-jet cuts and using the observed continuum mass
spectrum for isolated dilepton events. For estimating the dilepton backgrounds from
WW and WZ diboson production, we used the ISAJET Monte Carlo. Also shown in
Table 2 is the total number of events expected, N., = o.p. [ Ldt, where [ Ldt is the
integrated luminosity of the 1992-93 data sample.

Given three candidate events, and without subtracting backgrounds, we derive an



upper limit on the tf production cross section as a function of Miop. This upper limit
cross section is compared to theoretical lower estimates of o, [3] to obtain a lower
limit on the top quark mass of 108 GeV/c? at the 95% CL based on 21.4 pb~! of data
collected in 1992-93. We note that this limit is obtained without using a two-jet cut.
Had a two-jet cut been used, with two candidate events instead of three, an inferior
limit would have been obtained due to reduced efficiency and additional systematic
uncertainties in the jet counting for low mass top. When combining the newer dataset
with the 4.1 pb™! collected in 1988-89 ! , the lower limit obtained on M,y is 113 GeV /c?
at the 95% C.L. (see Figure 3).

The limit from the combined 1988-89 and 1992-93 datasets is also based on three events, without
background subtraction. The 1988-89 eu event of Ref. [1] fuils the Fr > 25 GeV cut added to the eu
channel in the 1992-93 analysis to reduce backgrounds expected in the larger luminosity data sample.
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M tep  EgeomPp  €lsol €D  €event ETrigger Etwo—jet efoul efé'm
100 0.38 0.92 0.88 0.60 0.97 0.63 0.16 0.10
120 041 092 0.88 0.61 0.97 0.74 0.19 0.14
140 0.53 0.91 0.88 0.61 0.97 0.81 0.24 0.20
160 0.63 090 0.88 0.62 0.97 0.84 0.29 0.24

Table 1: Dilepton detection efficiencies, There are two sets of cuts considered. For
the first set, €/, = €geom Py €lsol EID Eevent Eigger- There is an additional two-jet
requirement for the second set of cuts : &, ; = €., €wo—jer-

Cuts]  Cuts Il

fakes 1.85£0.31 0.40%0.13
b6 0.38+0.20 0.16+0.09

Z - 7rr  0.64+0.12 0.24+0.08
wWWwW 0.73+0.22 0.1620.05
w2z 0.07+0.02 0.02+0.01
Drell- Yan 0.80+0.23 0.20+0.14
" Total Bg. 4.5+05  1.3%0.2
CDF Data 3 2
Mo = 100 14 9.1
My, =120 6.4 5.0
Meop = 140 3.7 3.1
M., = 160 2.2 1.8

Table 2: Numbers of background events, data yields, and expected signal for the 1992-
93 run. The first column (Cuts I) lists the numbers of events after the My, £r and A¢
event topology cuts. For the second column ( Cuts II), there is an additional two-jet
requirement.
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Figure 1: Distributions for CDF ee and up data for the 1992-93 run. There is one
ee event in the signal region. a) Dielectron Invariant Mass b) A¢ vs missing Er for
dielectrons surviving the Z° mass window cut c) Dimuon Invariant Mass d) Ag vs
missing Et for dimuons surviving the Z° mass window cut
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Figure 2: Distributions for CDF eu data for the 1992-93 run. There are two eu events
in the signal region. a) Eq{e) vs Py(s) b) Min(E1,P1) vs A¢ c) Invariant mass of eu
pairs d) A¢ vs missing Et
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Figure 3: Upper limits at the 95%-C.L. on ¢,; compared with the lower bound and the
central value of the theoretical prediction from Ref. [3]. The two sets of experimental
limits are: (1) from the 1992-93 dilepton data alone; (2) from the combination of the
1988-89 and 1992-93 dilepton data.
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