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The DD collaboration reports on a search for the Standard Model top quark in pj collisions at
V2 = 1.8 TeV at the Fermilab Tevatron, with an integrated luminosity of approximately 50 pb~'.
We have scarched for tZ production in the dilepton and single-lepton decay channels, with and
without tagging of b quark jets. We observe 17 events with an expected background of 3.8 + 0.6
events. The probability for an upward fluctuation of the background to produce the observed signal
is 2 x 10™° (equivalent to 4.6 standard deviations). The kinematic properties of the excess events
are consistent with top quark decay. We conclude that we have observed the top quark and measure
its mass to be 1997} (stat.) £22 (syst.) GeV/c? and its production cross section to be 6.4 2.2 pb.
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L. INTRODUCTION

The most sensitive searches for the Standard Model top
quark have been carried out at the Fermilab Tevatron by
the CDF and D@ experiments. Recent results from these
experiments, based on data from the 1992-1993 Tevatron
run (run Ia), include a lower limit on m; of 131.GeV/c?
by D@ (1], & 2.8¢ positive result by CDF (2], and a 1.9¢
positive result by D@ [3]. Precision measurements of Z
boson parameters at LEP and of the W mass permit an
indirect measurement of the top quark mass through ra-
diative corrections involving top quark loops. These pre-
cision measurements currently suggest a top quark mass
in the range 150-210 GeV/c? [4].

In this article, we assume that the top quark is pair-
produced and decays 100% of the time into a W boson
and a & quark. The search is divided into seven distinct
channels depending on how the two W bosons decay,
and on whether or not a soft muon from a b or ¢ quark
semileptonic decay is observed. The so-called dilepton
channels occur when both W bosons decay leptonically
(eps + jets, ee + jets, and pp + jets). The single-lepton
channels occur when just one W boson decays leptoni-
cally (e + jets and p + jets). The single-lepton channels
are subdivided into b-tagged and untagged channels ac-
cording to whether or not a muon is observed consistent
with b — p+ X. The muon-tagged channels are denoted
e+jets/p and p+jets/u. The data set for this analysis in-
cludes data from run [a and run Ib with an integrated lu-
minosity of about 50pb~!, with slight differences among
the seven channels. The new results from CDF (5] and
D@ [6] based on new data from the ongoing 1994-1995
Tevatron run (run Ib) have increased the significance of
the top quark signal to > 4o

II. PARTICLE DETECTION

The DD detector and data collection systems are de-
scribed in Ref. [7].

Muons are detected and momentum-analyzed using an
iron toroid spectrometer located outside of a uranium-
liquid argon calorimeter and a non-magnetic central
tracking system inside the calorimeter. Muons are identi-
fied by their ability to penetrate the calorimeter and the
spectrometer magnet yoke. Two distinct types of muons
are defined. “High-pr” muons, which are predominantly
from gauge boson decay, are required to be isolated from
Jjet axes by distance AR > 0.5 in 7-¢ space (n = pseu-
dorapidity = tanh™'(cos8); 6, ¢ = polar, azimuthal an-
gle), and to have transverse momentum pr > 12 GeV/e.
“Soft” muons, which are primarily from b, c or #/K de-
cay, are required to be within distance AR < 0.5 of any

Jjet axis. The minimum pr for soft muons is 4 GeV/c.
The maximum 7 for both kinds of muons is 1.7 for run
Ia data and 1.0 for run Ib data. The maximum muon 75
is determined by the edge of the wide angle muon spec-
trometer. The n restriction is tightened for some run Ib
date due to forward muon chamber aging.

Electrons are identified by their longitudinal and trans-
verse shower profile in the calorimeter and are required to
have a matching track in the central tracking chambers.
The background from photon conversions is suppressed
by an ionization (dE/dz) criterion on the chamber track.
A transition radiation detector is used to comfirm the
identity of electrons for || < 1. Electrons are required
to have |n| < 2.5 and transverse energy E7 > 15 GeV.

Jets are reconstructed using a cone algorithm of radius
R = 0.5.

The presence of neutrinos in the final state is inferred
from missing transverse energy (¥r). The calorimeter-
only Fr (F$™) is determined from energy deposition in
the calorimeter for |n} < 4.5. The total F7 is deter-
mined by correcting F$* for the measured pr of detected
muons.

III. EVENT SELECTION

The event selection for this analysis is chosen to give
maximum expected significance for top quark masses of
180-200 GeV/c?, using the ISAJET event generator [8]
to model the top quark signal (assuming the Standard
Model top quark pair production cross section of Ref. [9]),

. and using our standard background estimates as de-

scribed below. In this analysis, we achieve a signal-
to-background ratio of 1:1 for a top quark mass of
200 GeV/c?. This is a better signal-to-background ratio,
but with smaller acceptance, than our previously pub-
lished analyses [1,3]. The improved rejection arises pri-
marily by requiring events to have a larger total trans-
verse energy by means of a cut on a quantity we call
Hy. Hry is defined as the scalar sum of the Er’s of the
Jjets (for the single-lepton and uu + jets channels, or the
scalar sum of the Er’s of the leading electron and the jets
(for the ey + jets and ee + jets channels). In addition to
our “standard” event selection, we define a “loose” event
selection which does not include an Hy cut. We do this
as a consistency check, and to provide a less biased event
sample for the top quark mass analysis.

The signature for the dilepton channels is defined as
two isolated leptons, two or more jets, and large E7.
The signature for the single-lepton channels is defined
as one isolated lepton, large ¥7, and three or more jets
(with muon tag) or four or more jets (without tag). The
single-lepton signature includes either a soft muon tag or



& “topological tag” based on Hy and the aplanarity of
the jets A. The aplanarity is proportional to the smallest
eigenvalue of the momentum tensor of the jets in the lab-
oratory and ranges from 0-0.5. “Double-tagged” events
are counted only once, as part of the muon tagged chan-
nels. A summary of the kinematic cuts can be found in
Table 1.

Additional special cuts are used in the ee + jets,
up + jets, and p + jets/u channels to remove back-
ground from Z + jets. To remove Z — ee background
in ee + jets, we require that |m.. —mz| > 12 GeV/c? or

<2l > 40 GeV. Because of D@’s coarse muon momen-
tum resolution, which is limited by multiple scattering to
about 20%, a dimuon invariant mass cut does not effec-
tively remove background from Z — up with reasonable
efficiency. To remove this background, we require that
the event as a whole is inconsistent with the Z + jets
hypothesis based on a global kinematic fit. Note that al-
though the pp + jets channel does not explicity include
a Pr cut, it is hard for high-Fr events to give a good
kinematic fit. The loose event selection cuts differ from
those listed in Table I by the removal of the Hr require-
ment and by the relaxation of the aplanarity requirement
for e + jets and u + jets from A > 0.05 to A > 0.03.

IV. EVENT ANALYSIS

Hry is & powerful discriminator between background
and high-mass top quark production. Figure 1 shows
a comparison of the shapes of the Hr distributions ex-
pected from background and 200 GeV/c? top quarks in
the channels (a) ex + jets and (b) untagged single-lepton
+ jets. We have tested our understanding of background
Hqy distributions by comparing date and calculated back-
ground in background-dominated channels such as elec-
tron + Br + two jets and electron + Fr + three jets
(see Fig. 2). The observed Hy distribution agrees with
the background calculation, which includes contributions
from both W + jets as calculated by the vECBos Monte
Carlo {10] and QCD multijet events.

The acceptance for if events is calculated using the
ISAJET event generator and a detector simulation based
on the GEANT program [11). As a check, the acceptance
is also calculated using the HERWIG event generator {12].
The difference between 1SAJET and BEERWIG is included
in the systematic error.

Physics backgrounds (those having the same final
state particles as the signal) are estimated using Monte
Carlo simulation, or a combination of Monte Carlo and
data. The instrumental background from jets misiden-
tified as electrons is estimated entirely from data using
the measured jet misidentification probability (typically
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FIG. 1. Shape of Hr distributions expected for the prin-
cipal backgrounds (dashed line) and 200 GeV/c? top quarks
(solid line) for (a) ex + jets and (b) untagged single-lepton +
Jjets.
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FIG. 2. Observed Hy distributions (points) compared
to the distributions expected from background (curve) for
Er > 25 GeV and (a) e + > 2 jets and (b) e + > 3 jets.




TABLE I. Minimum kinematic requirements for the standard event selection (energy in GeV).

High-pr Leptons Jets Missing Er Muon Tag Topological
Channel Er(e)| pr(u) Niet | Er(jet) B Br rr(u) Hr| A
ep + jets 15 12 2 15 20 10 - 120 -
ee + jets 20 2 15 25 - - 120 -
s + jets 15 2 15 - - - 100 -
e+ jets 20 4 15 25 - - 200 0.05
B+ jets 15 4 15 20 20 - 200 0.05
e+jets/p 20 3 20 20 - 4 140 -
g+ jets/p 15 3 20 20 20 4 140 -

2 x 10~*). Other backgrounds for muons (e.g. hadronic
punchthrough and cosmic rays) are negligible for the sig-
natures in question.

For the dilepton channels, the principle backgrounds
are from Z and continuum Drell-Yan production
(Z,y* — ee,up, and 77), vector boson pairs (WW,
WZ), heavy flavor (bb and cZ) production, and back-
grounds with jets misidentified as leptons.

For the untagged single-lepton channels, the principle
backgrounds are from W + jets, Z + jets, and QCD mul-
tijet production with a jet misidentified as a lepton. The
W 4 jets background is estimated using jet-scaling. In
this method, we extrapolate the W -+ jets cross section
from one and two jets, to four or more jets assuming an
exponential dependence on the number of jets, as pre-
dicted by QCD [10], and as observed experimentally (see
Fig. 3). The efficiency of the topological cuts for W
+ 4 jets are calculated using the VvEcBos Monte Carlo
program [10]. The QCD multijet background is deter-
mined independently from data using the measured jet
fake probability. The Z 4 jets background is estimated
by Monte Carlo calculation.

For the tagged single-lepton channels, the observed jet
multiplicity spectrum of untagged background events is
convoluted with the measured tagging rate per jet to de-
termine the total background. The tagging rate is ob-
served to be a function of the number of jets in the event
and the Er of the jets and is the same within error for
both multijet and W + jets events. As a cross check,
tagging-rate predictions are made for dijet, multijet, and
gamma-+jet samples and found to agree with the data.

From all seven channels, we observe 17 events with an
expected background of 3.8 + 0.6 events (see Table II).
Our measured cross section as a function of the top quark
mass hypothesis is shown in Fig. 5. Assuming a top
quark mass of 200 GeV/c?, the production cross section
is 6.31+2.2 pb. The error in the cross section includes an
overall 12% uncertainty in the luminosity. The probabil-
ity of an upward fluctuation of the background to 17 or
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FIG. 3. Inclusive jet multiplicity spectrum for W — e+jets
events for several jet energy thresholds. Data are shown by
the solid symbols; Monte Carlo predictions are shown by the
open symbols.
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more events is 2 x 10~8, which corresponds to 4.6 stan-
dard deviations for a Gaussian probability distribution.
The excess is distributed across all of the channels in a
manner consistent with Standard Model top quark decay
branching ratios (see Tables ITII-V).

V. KINEMATIC ANALYSIS

Additional confirmation that the observed excess of
events contains a high mass object come from the invari-
ant masses of jets in single lepton + jets events. The anal-
ysis was based on the hypothesis that ¢tf — W+W~bb —
lvggbb. Events were required to have at least 4 jets and
satisfy the loose cuts described in section III. If the
event had more than 4 jets only the 4 with highest Er
were used. One jet was assigned to the semileptonically
decaying top quark and three jets were assigned to the




TABLE II. Summary for all channels.

[Standard Selection|Loose Selection

Dileptons 3 4
Lepton + Jets (Topological) 8 23
Lepton + Jets {(Muon tag) 6 3
All channels 17 33
Background 3.84+06 20.6 £+ 3.2
Probability 2% 10-° (4.60) | 0.023 (2.00)
o: (me = 200 GeV/c*) 6.3 +2.2 pb 4.5+ 2.5 pb

TABLE III. Summary for the dilepton channels.

| Standard Selection| Loose Selection

Data 3 4
Background 0.65 +0.15 2.66 + 0.40
Probability 0.03 (1.90) 0.28 (0.60)

2 (me = 200 GeV/c?)|  T.5£5.7 pb 44%68pb

TABLE IV. Summary for the topological single-lepton

channels.
| Standard Selection| Loose Selection
Data 8 23
Background 19405 15.7+3.1
Probability 0.002 (2.90) 0.09 (1.30)
o (me = 200 GeV/c?®) 49125 pb 4.0+3.2 pb

TABLE V. Summary for the muon-tagged single-lepton

channels.
| Standard Selection| Loose Selection
Data 6 6
Background 1.240.2 2.2+£03
Probability 0.002 (2.90) 0.03 (1.90)
o (m: = 200 GeV/c*) 8.9 +4.8 pb 6.3+4.2pb
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FIG. 4. A vs. Hy for single-lepton events for data (13.5
pb~'), 180 GeV/c? top ISAJET Monte Carlo (7126 pb~!),
multijet background from data (effective luminosity = 60 x
data luminosity), and background from W + 4 jet
Monte Carlo (1665 pb~?).
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FIG. 5. DO measured tf production cross section (solid
line with one standard deviation error band) as a function of
assumed top quark mass. Also shown is the theoretical cross

section curve (dashed line) [9].
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FIG. 6. Single-lepton + jets two-jet vs. three-jet invariant
mass distribution for (a) background, (b) 200 GeV/c? top
Monte Carlo (ISAJET), and (c) data.

hadronically decaying top quark. The jet assignment al-
gorithm attempted to assign one of the two highest Er
Jjets to the semileptonically decaying top quark and to
minimize the difference between the masses of the two
top quarks. The invariant mass of the three jets assigned
to the hadronically decaying top quark is denoted by ms;.
The invariant mass of the pair of hadronically decaying
top quark jets with the smallest invariant mass is de-
noted by mg;. Figure 6 shows the distribution of mg;
vs. my; for (a) background (W + jets and multjjet) (b)
200 GeV/c? top Monte Carlo, and (c) data. The data
are peaked at higher invariant mass, in both dimensions,
than the background. Based only on the shapes of the
distributions, the hypothesis that the data are a combi-
nation of top quark and background events (60% CL) is
favored over the pure background hypothesis (3% CL).
Another analysis on the same set of events was per-
formed to demonstrate the presence of a W boson decay-
ing into jets which can be masked by the combinatorial
problem of chosing the correct two jets out of six pos-
sible combinations from four jets. Rather than picking
one combination this analysis uses all likely ones and as-
signs a weight to each combination favoring the one with
the ratio of the two top masses closest to unity. We
define a quantity ¢ = In(mf/m}) where m} is the in-
variant mass from 3 jets and m} is the invariant mass
calculated using the W decaying leptonically and the re-
maining jet. We construct then a x? with mean g~ 0.045
and 0=0.23 and each combination is given a weight pro-
portional to e~X*/2, For a given 3 jet set the jets are
ordered in the top center-of-mass E1 > E2 > E3. When
(E1~ E2) > (E2 — E3) the dijet mass plotted is m;y;s,
otherwise both m;;3 and m;z;3 are plotted with equal
weights. The weights for each event are normalized so
that the sum of weights for each event is one. The re-
sulting top mass and W mass distributions for 200 GeV
top quark, background and data are shown in Figs 7.
The dijet mass shows a peak near the W mass as ex-
pected from Monte Carlo while the calculated top mass
also peaks as expected if £ pairs are being produced with
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FIG. 7. Distributions of (a) reconstructed top quark mass
M; and (b) dijet mass M;; with (a) M;; > 58 GeV/c? and
(b) M: > 150 GeV/c?, for (light shaded) data, (medium) sum
of background and HERWIG 200 GeV/c? top Monte Carlo,
{black) background alone, and (x’s) background normalized
to match the area of the data.

mass near 200 GeV/c?.

The kinematic analysis of the events confirm that the
observed excess of events come from the production of
high mass tf pairs.

VI. MASS ANALYSIS

We attempt to extract the top quark mass from our
single-lepton + 4 jet event sample using a 2-constraint
kinematic fit to the hypothesis tf — W+ W ~bb — tggbb.
Assignment of the four highest Er jets to partons is made
using a combinatoric algorithm. From Monte Carlo stud-
ies we find a slightly higher percentage of correct jet as-
signments using a narrower jet cone. We therefore use
cone jets with radius R = 0.3 for the mass determination
as opposed to the R = 0.5 cone jets which are used in
the event selection.




A. Jet Energy Corrections

Correction of the measured energy inside the jet cone
to the energy of the original parton takes place in two
stages. The first stage, which is mainly data driven,
is the correction of raw cone jets to idealized, detector-
independent cone jets. The second stage, which is a theo-
retical construct derived from Monte Carlo studies, is the
correction of the idealized cone jet to the energy of the
original parton. The detector dependent corrections are
for the calorimeter energy response, particle showering in
and out of the cone in the calorimeter, and the subtrac-
tion of noise and energy from the underlying event.

The most important of the detector dependent correc-
tions is the calorimeter energy response. The electromag-
netic part of the energy response is fixed using resonances
(Z — ee, J/¢p — ee, and #° — v4). The hadronic en-
ergy scale is tied to the electromagnetic energy scale by
means of E7 balance along the photon direction in “+”
+ jet events (the photon may often be a highly electro-
magnetic jet). This method is a variant of the the one
described in Ref. [13]. The average effect of all of the de-
tector dependent corrections is to increase the jet energy
by about 20%.

The parton level energy correction is derived from the
parton showering model contained in a Monte Carlo event
generator, such as ISAJET or HERWIG, including the effect
of a realistic detector simulation. Different corrections
are used for (untagged) b quark and non-b quark jets,
and for muon-tagged jets. The correction for untagged
b quark and non-b-quark jets is very similar, being an
upward correction of about 8% in both cases. In the case
of muon-tagged jets, we include twice the momentum of
the muon in the parton energy to account for the energy
of the muon-neutrino.

We test our program of jet energy corrections by exam-
ining the Er balance in Z(— ee)-+jets events. We make a
1-constraint kinematic fit to the Z + jets hypothesis (like
the top quark kinematic fit, but without mass constraints
or jet assignment ambiguities). Figure 8 shows the Ep
residuals for the jets resulting from this fit for Monte
Carlo and data, with and without parton level jet en-
ergy corrections. There is reasonable agreement between
Monte Carlo and data whether or not parton energy cor-
rections are included and the mean of the distributions
are closer to zero after corrections.

B. Combinatoric Algorithm

In the ideal case where the four quarks give rise to
four distinct jets, the number of possible solutions to the
Jjet-parton assignment problem is twelve. In the case of

9 o ”
‘S 60 | .5 £ N
3 20F o
‘; 50 3 out-of-cone §175 : out-of-cone
i 40 3 corrections 1'5 X corrections
E o F €125 |
2%F 2 w0f
20 F 75 F
E 5 E
10 3 25 F
obmiot. ..t - 0 x R
-40 -20 O 20 40 -40 40
WeT-etuc ° Gev
5 45 L]
§ 40 & Out-of-cone § 20 E Out-of-cone
W o35 B tions W75 E corrections
£ 0F T BE
£ B125 £
2 2 F 2 W0FE
15 F 75 F
10 F 5F
5F 25 F
Y7 NI B 0 Ex A I =1 s U
-40 -~-20 0 20 40 -40 -20 O 20 40
Gev Gev

(C) E™ - €, MC (D) £/ - E*, DATA
FIG. 8. E7 balance in Z + jets events for Monte Carlo
data, with and without parton level (out-of-cone) energy cor-
rections.

a single b-tag the number of possible jet assignments is
reduced to six. An additional twofold ambiguity arises
from the two possible solutions for the longitudinal mo-
mentum of the neutrino produced by the leptonically de-
caying W boson. Actually, the amount of ambiguity is
larger as effects such as gluon radiation and jets being
lost due to merging or falling below energy thresholds
make the correct solution more difficult, and sometimes
impossible, to find. In cases where there are more than
four jets, we use only the four highest Er jets and ignore
the rest, except for their effect on the py of the ¢ system.
This is equivalent to the assumption that any extra low
Er jets are due to initial state radiation. No improve-
ment in mass determination was found with Monte Carlo
studies of more sophisticated treatments of the fifth and
higher number jets. :

The probability of the smallest x? solution being the
one with the correct jet assignment is not large, about
10-15%. It is frequently found, however, that the correct
or “almost correct” jet assignments are found among the
several smallest x? solutions. Almost correct solutions
are those where the jets are assigned to the correct top
quarks, but where the W boson jets are not assigned cor-
rectly. Rather than simply using the solution with the
smallest x2, we use a x2-probability-weighted average top
quark mass (with weight e~ X"/ ?) from up to three solu-
tions having x? < 7. It is found in Monte Carlo studies
that the correct jet assignment is included in the average
25% of the time, and that an almost correct assignment
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FIG. 9. Distributions of fitted top quark mass for (a,c)
ISAJET and (b,d) HERWIG 180 GeV/c® top Monte Carlo.
In (a) and (b), events have exactly four detected and ac-
cepted jets corresponding to the four primary jets (two b jets
+ two W jets) required for mass analysis. In {(c) and (d), four
or more detected and accepted jets are allowed as in actual
analysis, without any matching requirement. The shaded his-
tograms show the 2C fit mass only for events with the correct
Jjet assignment.

is inclnded 80% of the time. The top quark mass reso-
lution obtained in this way is found to be slightly better
than that which is obtained from the smallest x? solution
alone.

The effects of wrong combinations, initial state gluon
radiation (ISR), and final state gluon radiation (FSR),
on the top quark mass resolution are shown in Fig. 9.

Despite the difficulty in finding correct jet assignments
the top quark mass obtained by kinematic fitting is
strongly correlated with the input top quark mass. The
relationship between the true (Monte Carlo) top quark
mass and the mean value of the fitted top quark mass is
shown in Fig. 10a. The correlation is not perfect. There
remains a bias that needs to be corrected when extracting
the top quark mass.
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FIG. 10. (a) Mean fitted vs. input ISAJET Monte Cazlo
top quark mass (y vs. z). The solid line, fitted to the points,
satisfies the equation y = 58.6 4- 0.62 £. The dotted line sat-
isfies y = z. (b) Smoothed and interpolated distributions
of fitted top quark mass for input ISAJET Monte Carlo top
masses in 5 GeV/c? steps. The bold curves denote input
masses of 140, 170, 200, and 230 GeV /c?, respectively.




C. Likelihood Mass Fit

The top quark mass is extracted with an unbinned
maximum likelihood fit using the following likelihood
function:

L= e’(nb-(nb))zl‘la’ (nl ';'v?b)N_e_(n.+nu)

I 1 fa(me, ms) + 1y o (i)

n, + np

(6.1)

The unknowns are the number of expected signal events
n,, the number of expected backgrounds n;, and the top
quark mass m;. The inputs are the number of candi-
date events N, the fitted masses of the candidate events
m;,(i=1,...,N), and the nominal background (ns) and
its error o as determined in section IV. The functions f,
and f;, are the expected distributions of fitted mass for
signal and background. Both f, and f; are determined
by Monte Carlo calculation and smoothed so that they
are continuous functions of m; and m, (f, is shown in
Fig. 10b). The fit has been tested using Monte Carlo
data by verifying that one obtains back the input mass
and that the statistical error of the top quark mass from
the likelihood fit scales inversely as the square root of the
number of candidate events.

Eleven of the 14 single-lepton -+ 4 jet candidate events
selected using the standard cuts, and 24 of the 27 candi-
date events selected using the loose cuts, have successful
kinematic fits. The fitted mass and likelihood distribu-
tions of these events are shown in Fig. 11.

The top quark mass extracted from the likelihood
curve is 199%31 (stat.) GeV/c? for standard cuts and

199733 (stat.) GeV/c? for loose cuts. The errors are sta-
tistical (so far) and are derived using AL = 0.5. The
result of the likelihood fit for the loose cuts sample does
not change significantly if the background constraint is
removed from the likelihood function. Because of its
smaller error, we use the loose cuts mass determination
as our official mass result.

The most important systematic error in the top quark
mass determination is the jet energy scale uncertainty.
We estimate this uncertainty to be 10% or less. We de-
termine the error in the top quark mass by varying jet
energies by +10%. The net effect is an 11% systematic
shift in the top quark mass.

The top mass measurement depends on having an
event generator that realistically models effects such as
gluon radiation and jet shapes. We estimate this uncer-
tainty by comparing results obtained using ISAJET and
HERWIG. Our main result is based on 15AJET. If we do
all of the steps using HERWIG instead, the result is that
the top quark mass is lowered by 4 GeV/c2. We include

Standard cuts
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FIG. 11. Fitted mass and mass likelihood distributions for
standard and loose cuts. Shaded events have a soft muon tag.

this difference in the systematic error for the top quark
mass, but it has little additional effect when added in
quadrature with the jet energy scale error. The total
estimated systematic error on the top quark mass is 22
GeV/c2.

VII. CONCLUSIONS

We have searched for top quark signals in seven chan-
nels in a data sample having an integrated luminosity of
50 pb~!. We observe 17 candidate events with an ex-
pected background of 3.8 £ 0.6 events. The excess is sta-
tistically significant. The probability for the background
to fluctuate up to 17 events is 2x 10—, which corresponds
to 4.60 in the case of Gaussian errors. We measure the
top quark mass to be 1997 13(stat.) + 22(syst.)GeV/c’.
Using the acceptance calculated at out central top quark
mass, we measure the top quark pair production cross
section to be o,y = 6.4+ 2.2 pb.
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