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The cross section for the production and subsequent decay to electron and neutrino of the W inter-
mediate vector boson has been measured in 1.8-TeV pp collisions at the Fermilab Tevatron Collider. An
analysis of events with missing transverse energy greater than 25 GeV and with an electron of transverse
energy greater than 15 GeV from a datum sample of 25.3 nb ' gives ~B =2.6+ 0.6+ 0.5 nb.

PACS numbers: 13.85.Qk, 14.80.Er
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The conventional mechanism for the production of 8'
bosons in high-energy pp collisions is the Drell- Yan
process' —the annihilation of a quark and an antiquark
into the O'. The first-order cross section is directly pre-
dicted from the quark momentum distributions in the
proton (structure functions) and the weak coupling con-
stant; higher-order strong-interaction corrections have
also been calculated. One expects an approximately
threefold increase in the 8'-boson production cross sec-
tion at the Fermilab Tevatron energy of 1.8 TeV com-
pared to the measured results at the CERN collider en-

ergy of 0.63 TeV. We report here a measurement using
the Collider Detector at Fermilab of aB at 1.8 TeV,
where B is the branching ratio of the 8 to electron and
neutrino.

A brief description of the Collider Detector at Fermi-
lab follows: The apparatus is described fully in Ref. 5.
Vertex time-projection chambers around the beam pipe
are used to determine the event vertex position. The cen-
tral tracking chamber which surrounds the vertex time-
projection chamber system and is immersed in a 1.5-T
axial magnetic field, provides momentum determination
of charged particles with a resolution of 6PT/PT =0.002
(GeV/c )

The electromagnetic (EM) and hadronic (HAD)
calorimeters are arranged in a fine-grained projective
geometry covering polar angles from 2' to 178'. The
calorimeters are organized into three major angular or
pseudorapidity [rl = —1n(tan0/2)] regions: the "central"
and "end wall" regions (i g i & 1.1); the "end-plug"
(1.1 & i g i

&2.4) region; and the "forward" (2.4 & i g i

&4.2) region. The central calorimeters are scintillator
based whereas the end-plug and forward calorimeters
use gas proportional chambers.

The calorimeter towers are approximately 0.1 wide in

rl and 15' or 5' wide in azimuth (p), for scintillating
sampling and gas sampling calorimeters, respectively.
Planes of scintillation counters on each side of the in-
teraction point (the beam-beam counter system) cover
the region 3.2 &

i g i
& 5.9. Signals from these counters

are used in the event trigger and in the luminosity moni-
tor.

Events used in the analysis were required to have a
central electron candidate (i q i

& 1.1) which passed the
hardware trigger requirements of (1) at least one beam-
beam counter signal on both sides of the detector; (2)
transverse electromagnetic energy ET(EM) of 5 GeV or
more in a "trigger tower" of d ri x Ap =0.2 && 15', and (3)
the total ET(EM) exceeding a threshold which varied
from 7 to 15 GeV depending on run conditions. This
work is based on 4x10 recorded events corresponding
to an integrated luminosity of 25.3 nb

Two separate analysis paths were followed. One fo-
cused on missing transverse energy (k"T) in order to
identify events with a "missing" neutrino. A second path
focused on the identification of isolated electrons. Both

analysis paths, discussed in detail below, led to essential-
ly the same set of 8'-candidate events, providing a robust
cross check of the detector performance and calculated
eSciencies.

We start with the k"T path. k'T is defined as the mag-
nitude of the vector sum of transverse energy over all the
EM and hadron cells of the calorimeter in the region

i g i
& 3.6. The total transverse energy (ET) in an event

is defined as the corresponding scalar sum. A total of
4178 events passed the requirement that the k"T be
greater than 25 GeV. A jet-clustering algorithm was

applied to each event, with 1604 events passing a re-
quirement that there be at least one cluster with
ET(EM) & 15 GeV in the detector towers within the
range i@i & l.

Further cuts were imposed to suppress sources of
background peculiar to the k"T sample: (1) Events trig-
gered by cosmic rays and stray particles from the Fermi-
lab main ring (which passes above the detector) were
suppressed by requiring less than 3 GeV of energy in the
central hadron calorimeter outside of a 20-ns interval
centered at the beam crossing time. (2) A sensitivity to
low-energy neutrons is seen in the gas hadron calorime-
ters as clusters with little EM energy. We defined as
spurious and removed any cluster with less than 5% EM
energy. Based on the study of an independent sample of
jet triggers, we estimate that only (0.03 ~ 0.03)% of real
clusters would be lost by this requirement. (3) Events
with a cluster greater than 5 GeV within a Ap = +' 30'
interval opposite to the leading cluster were eliminated
(dijet cut). This cut removed QCD jet-jet events in

which mismeasurement of the energy of a jet induced a
large value of k'T along the jet direction. (4) Overall
fluctuations in k"T measurements contribute to back-
ground. Studies of "minimum-bias events" show that in

a projection on any given axis k'T has a Gaussian distri-

bution with an rms deviation of o =0.7JET, where all
energies are expressed in GeV. Here ET is the total sca-
lar transverse energy observed within

i q i
& 2.4. Events

were required to have k'T & 2.8JET, a value determined
from a sample of jet events to ensure a clear separation
of jet-induced background.

Of the 115 events which passed the above criteria, 22
have electrons based on very loose cuts: one track with
momentum P pointing to a cluster with energy E such
that E/P & 2 and EFM/(E pM+EHAD) & 0.85. A scan of
the 115 events shows there is none in which a track has
been missed. The remaining events include one event
which has a 9-GeV/c track pointing toward a 30-GeV
cluster, consistent with a real 8'~ ev plus bremsstrah-
lung. A theoretical calculation predicts that (3 ~ 1)%
of the electrons from 8'decay radiate more than 50% of
their energy, and hence would fail the E/P &2 cut.
Most of the remaining nonelectron events in the k"T sam-
ple are residual cosmic rays, main ring background,
"coherent" electronic calorimeter noise, mismeasured
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FIG. 2. The distribution in transverse mass for the 8 candi-
date events. The curve is an ISAJET (Ref. 10) prediction for a
W mass of 80 GeV/c .
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FIG. 1. (a) The distribution of events in isolation I vs k'r/

QEr where k'r and Er are in GeV. The sample contains
events which satisfy all electron cuts except the isolation and
k"T cuts. Events with I & 0.3 are not shown. The dotted lines
indicate the final cuts. (b) The distribution of E/P for the 22
W candidates. (c) The distribution of k"r vs Er for the 61
events in the "electron" analysis path before the final k"T cut.
The horizontal dotted line indicates where the k'T cut was im-
posed.

calorimeter energy identified by a large mismatch with
the momenta as measured by the tracking chambers, or
measurement Auctuations of multiple jet events.

We now describe a parallel 8 search based on the
identification of electrons. Events were selected by re-
quiring an isolated, central EM cluster ( I rl I & 1.0) with
ET & 15 GeV. The hadronic-to-EM ratio of the energy
in the cluster was required to be less than 0.05, a value
determined from test beam data to be 96% efficient for
electrons. If E~ is taken to be the total transverse elec-
tron within a cone of radius R=(hrl +A& )'/ =0.4
centered on the electron cluster, we define a measure of
isolation by I=(Ec —ET)/ET. An isolation cut required
I & 0.1. A total of 3753 events satisfied these criteria.

The jet background was reduced by requiring at least
one track with momentum P pointing at the cluster such
that E/P & 2. There are 138 events which passed this
cut. Six of these have a second EM cluster with a high
invariant mass for the pair and are considered Z

e +e candidates. The remaining background is
dominated by QCD jet events where one jet fakes an
electron. To reduce this background, a dijet cut was ap-
plied which removed events having a cluster with ET & 5
GeV opposite (~ 30' in p) the electron candidate, leav-
ing 62 events. A requirement that k"T & 25 GeV reduced
the sample to 22 8' ev candidates, the same 22 found
by the ET analysis path.

Sample distributions relevant to the analyses are
shown in Fig. 1. The distribution in transverse mass
MT = [2ETET(1 —cosh'„)] '/ is shown in Fig. 2. A fit
of the expected spectrum gives M~=80.0+ 3.3~2.4
GeV/c, where the first error is statistical and the second
is systematic. The systematic error is dominated by the
uncertainty in the absolute energy scale.

The cross section and its estimated uncertainty are
determined by using the 22 events corrected for
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TABLE I. Background and efficiency values for the k"T and
electron analysis paths. The k'T and ET cuts are included in

"Thresholds, " as is an electronic trigger efficiency of 99.7%.

Electron

10.0

CDF ~

UA1 0
UAB Q

rv,
Top
QCD jet

Detector gaps
Thresholds
Dijet cut
Radiative

corrections
Tracking
HAD/EM
I solation
Timing

Total

Background (events)
0.6 + 0. 1

& 0.2
&0.2

Selection efficiencies
0.50 ~ 0.05
0.91 ~ 0.01
0.84 w 0.02
0.91 W 0.02

0.97 +- 0.01

0.99 ~ 0.01

0.33+ 0.04

0.6 ~ 0.3

0.98 + 0.02
0.96 w 0.04
0.99+ 0.01

0.31 + 0.04

0.1 I I I I I I I I I I I

E, (TeV)

FIG. 3. The cross section times branching ratio for W e v

vs c.m. energy. The prediction is from Ref. 3, adjusted for a W
mass of 80 GeV/c . The dotted lines indicate the 1 o error lim-
its for the theoretical curve.

efTiciency and background. Efticiency and background
estimates for the two analysis paths are shown in Table
I. Three potential types of background to 8' ev are
the sequential decay 8' iv, eve; jet events with one
jet faking an electron, and possibly a top quark directly
producing a high-ET isolated electron. The jet back-
ground was calculated from the data while the other two
types were estimated from Monte Carlo studies.

Efficiency losses resulting from the electron rapidity
cut, thresholds, and gaps between calorimeter modules
(fiducial cuts) were calculated by Monte Carlo studies.
The electron rapidity cut is the largest source of sys-
tematic error due to uncertainties in the structure func-
tions. All other eSciencies were found directly from
data.

The luminosity is based on information from the
beam-beam counters. We have estimated the cross sec-
tion seen by these counters as 44~ 6 mb by extrapolat-
ing from lower energy measurements.

We obtain a8(W' ev) =2.6+'0.6~0.5 nb. This re-
sult is shown along with previous measurements in Fig.
3. The expected increase in 8'production is observed.
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