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ABSTRACT

The production of electrons with very high transverse momentum
has been studied in the UA2 experiment at the CERN Pp collider

(vs = 540 GeV). From a sample of events containing an electron
candidate with P > 15 GeV/c, we extract a clear signal resulting from

the production of the charged intermediate vector boson Wi, which
subsequently decays into an electron and a neutrino. We study the W
production and decay properties. Furthermore, we refine our results
on the production and decay of the neutral vector boson Z°. Finally,
we compare the experimental results to the predictions of the standard
model of the unified electro-weak theory.
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1. INTRODUCTION

We have recently reported [1] the observation of single isolated
electrons with high transverse momentum (p-l-) in events with missing
transverse energy at the CERN pp collider (vs = 540 GeV}, from a data
sample corresponding to a total integrated luminosity of 15 nb™?
collected during the Autumn of 1982. This observation was consistent
with the expectations from the process

P *tp — wo o anything (n
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where W' is the charged Intermediate Vector Boson (IVB) postulated by
the unified electroweak theory [2].

More recently, we have also reported [3] the observation of eight
events which were interpreted in terms of the reaction

B t+tp = Z°% * anything (2)
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where 79 is the neutral IVB. These events were found in a data sample
corresponding to a total integrated luminosity of 131 nb~* collected
during the 1982 and 1983 periods of collider operation.

We report here the final results from a search for electrons with
PT > 15 GeV/c performed on the entire data sample available so far.
The main motivation for this study is a comparison with improved
statistics between the experimental data and the expectations from
reactions (1) and (2) in the framework of the standard model [4].

Before selecting the final sample of events which can be interpreted
in terms of reaction (1), we present a general discussion on the
topology of all events which contain a high-pT electron candidate, in
particular with regard to the possible presence of hadronic jets in some
of these events. Since two-jet events are the main source of
background to a signal of high—p-r electrons, a study of the event



configuration is useful, as we shall see in Section 6, to provide a
reliable estimate of the expected background.

Preliminary results from the study reported in this paper have been
presented elsewhere [5,6].

2. THE DETECTOR

The experimental apparatus, shown in Fig. 1, has been described in
detail elsewhere [7]. At the centre of the apparatus a system of
cylindrical chambers (the vertex detector [8]) measures charged
particle trajectories in a region without magnetic field. The vertex
detector consists of : a) four multi-wire proportional chambers, C; to
Ca, with wires parallel to the beam axis and cathode strips at $45° to
the wires ; b) a scintillation counter hodoscope (VH), consisting of 24
elements in a barrel-like arrangement, located after chamber C, ; c)
two drift chambers with measurement of the charge division on the
wires. The drift chambers are used to obtain both tracking information
(from a total of 12 wires per track) and to provide a measurement of
the most likely ionisation |, associated with each track. From the
reconstructed tracks the position of the event vertex is determined with
a precision of *1 mm in all directions.

The polar angle interval 40° < 6 < 140° is covered over the full
azimuth by the central calorimeter [9], which surrounds the vertex
detector. This calorimeter is segmented into 240 independent cells, each
covering 10° in 6 and 15° in ¢ and built in a tower structure pointing
to the centre of the interaction region. Each cell is segmented
longitudinally into a 17 radiation length  thick electromagnetic
compartment (lead-scintillator) followed by two hadronic compartments
(iron-scintillator) of ~ 2 absorption lengths each. The light from each
compartment is channeled to two photomultipliers (PMs) by means of
wave-fength shifting BBQ-doped plexiglass plates located on opposite
sides of the cell.
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In the angular region covered by the central calorimeter a
cylindrical tungsten converter, 1.5 radiation lengths thick, is located
just after the vertex detector. This converter is followed by a
cylindrical multi-wire proportional chamber, named Cs in Fig. 1, similar
in construction and operation to chambers C, to C, but equipped also
with measurement of the charge division on the wires. This device,
referred to in the following as preshower counter, localises
electromagnetic showers initiated in the tungsten with a precision of

+*3 mm, as verified using test-beam electrons.

For the first 15 nb~® of integrated luminosity, collected during the
autumn of 1982, the azimuthal coverage of the central calorimeter was
only 300°. The remaining interval (#30° around the horizontal plane)
was covered by a magnetic spectrometer which included a lead-glass
array to measure charged and neutral particle production [10,111.

The two forward regions (20° < 8 < 37.5° and 142.5° < 6 < 160°)
are each equipped with twelve coils equally spaced in azimuth (see
Fig. 1), which generate a toroidal magnetic field with an average
bending power of 0.38 T-m. Each sector (see Fig. 2} is instrumented
with

a) three drift chambers [12] located after the magnetic field region.
Each chamber contains three planes, with wires at -7°, 0° and +7° with
respect to the magnetic field direction. These chambers are used in
association with the event vertex to measure charged particle momenta.
The momentum resolution is A(1/p) = 1% (GeV/c) *.

b) a 1.4 radiation length thick lead-iron converter, followed by a
preshower counter which consists of two pairs of layers of 20 mm
diameter proportional tubes (MTPC), staggered by a tube radius and
equipped with pulse height measurement [13]. There is an angle of 77°
between the tubes of the two pairs of layers, with the tubes of the
first one being parallel to the magnetic field direction. This device
localises electromagnetic showers initiated in the converter with a
precision of *6 mm.



c) an electromagnetic calorimeter consisting of lead-scintillator
counters assembled in ten independent cells, each covering 15° in ¢ and
3.5° in 8. Each cell is subdivided into two independent longitudinal
sections 24 and 6 radiation lengths thick, the latter providing rejection
against hadrons. The light from each section is collected by two
wave-length shifting BBQ-doped light guides on opposite sides of the
cell.

All calorimeters have been calibrated in a 10 GeV beam from the
CERN PS, using incident electrons, hadrons and muons. The stability
of the calibration has since been monitored using a light flasher system,
a Co®® source and a measurement of the average energy flow into each
module for unbiased pp collisions [9]1. A further check on the
calibration stability has been performed in December 1982 with the
recalibration of 80 cells of the central calorimeter in a 10 GeV beam
from the CERN PS. The systematic uncertainty in the energy calibration
of the electromagnetic calorimeters for the data discussed in this paper
amounts to an average value of $1.5%. The cell-to-cell calibration
uncertainty has a distribution with a r.m.s. deviation of 2.2% with
respect to its mean.

The response of the calorimeters to electrons, and to single and
muiti-hadrons, has been measured at the CERN PS and SPS using beams
from 1 to 70 GeV. In particular, both longitudinal and transverse
shower developments have been studied, as well as the effect of
particles impinging near the cell boundaries. The energy resolution for
electrons is measured to be og/E = 0.14/vE [9] in the central
calorimeter and 0.17/vE in the forward ones (E in GeV).



3. DATA TAKING

In order to implement a trigger sensitive to electrons of high
transverse momentum, the PM gains in all calorimeters were adjusted so
that their signals were proportional to the transverse energy.

Because of the cell dimensions, electromagnetic showers initiated by
electrons may be shared among adjacent cells. Trigger thresholds were
applied, therefore, to linear sums of signals from matrices of 2 x 2
cells, rather than to individual cells. In the central calorimeter, all
possible 2 x 2 matrices were considered ; in the two forward ones, we
included only those consisting of cells belonging to the same sector.

A signal was generated whenever the linear sum from at least one
such matrix exceeded a threshold which was typically set at 8 GeV. To
suppress background from sources other than pp collisions, we required
a coincidence with two signals obtained from scintillator hodoscopes
covering the polar angle interval 0.47° - 2.84° with respect to the
beams on both sides of the collision region. These hodoscopes, which
were part of an experiment to measure the pp total cross-section [14],
gave a coincidence signal in more than 98% of all non-diffractive pp
collisions.

Approximately 7 x 10% triggers were recorded during the 1982 and
1983 runs, corresponding to an integrated luminosity ¥ = 131 nb~%,



4. DATA ANALYSIS

High—pT electrons are identified by requiring that the event
satisfies the following main criteria :

a) the presence of a localised cluster of energy deposition in the
first compartment of the calorimeters, with only a small energy leakage
in the hadronic compartment.

b) the presence of a reconstructed charged particle track which
points to the energy cluster. The pattern of energy deposition must
agree with that expected from an isolated electron incident along the
track direction.

c) the presence of a hit in the preshower counter, with an
associated pulse height larger than that of a minimum ionising particle
(m.i.p.). The distance of the hit from the track must be consistent
with the space resolution of the counter itself. Both these features are
a distinctive feature of the early shower developed in the converter by
a high- energy electron.

In practice, because the central and forward detectors are not
identical, these criteria are applied in different ways in the two
regions.,

In the central calorimeter, energy clusters are obtained by jeining
all electromagnetic cells which share a common side and contain at least
0.5 GeV. A halo contribution from the cells having at least one side in
common with a cluster cell is also included. The cluster energy Eci is
defined as Ecl = Egp ¥ Etagr Where Eem is the sum of the energies
deposited in the electromagnetic compartments of the cluster cells and
Ehad is the corresponding sum for the hadronic compartments. The
condition that the showers have only a small energy leakage in the
hadronic compartments of the calorimeters is applied by requiring that
the ratio H = Ehad/Eci does not exceed a value H, (see Table la),
which has been determined using test beams.



Cluster sizes R@’ R, are calculated from the cluster centroid and
from the values of the angles © and ¢ at the cell centres, weighted by
their energy depositions. The conditions RB’ R, ¢ 0.5 celt sizes are
required to ensure that the cluster size is compatible with that expected

from an electron.

It is then required that a charged particle track, reconstructed in
the vertex detector, points to the energy cluster. The distance A
between the track impact point on the calorimeter and the cluster
centroid, defined as A = V(A6/10°)2 + (A$/15°)2 , must be less than 1.
We also compare the energy distribution observed in the 3 «x 3 cell

matrix centred on the impact cell to that expected for an electron
incident along the track, as measured with electron test beams. The
pulse height ratio between the two PMs of the impact cell is also taken
into account in this comparison, as well as the observed hadronic
leakage. From the expected and observed quantities and their estimated
errors, we define a ¥x? and we require that its probability P(x?)
exceeds a given value Po (see Table I). We note that, because most
distributions have non-gaussian tails, P(x?) is not a standard
y2-probability and it must rather be considered as a quality factor.

We finally require the observation of a hit in the preshower counter
Cs, whose associated pulse height Qs must exceed ~3 m.i.p., and whose
distance d from the track, as measured on the Cs surface, must be less
than do (see Table la).

in the two forward calorimeters, where the cell is far from the
interaction point and its size is much larger than the lateral extension
of an electromagnetic shower, the cluster must consist of one or two
adjacent cells depending on the impact point of the track reconstructed
in the drift chambers. These cells are required to have the same
azimuth because there is a small dead region between cells at different
azimuths which does not allow clustering across it. We also require that
the energy sum of cells adjacent to the cluster and of additional
charged particles hitting either the cluster or the adjacent cells (as
determined from their momenta under the assumption of zero mass) does
not exceed 5% of the cluster energy. The condition that the shower has



only a small energy leakage Efeak in the second compartment is applied
by requiring that the ratio Eleak/Eem between the energy depositions in
the two compartments does not exceed 0.02 (0.03 if the cluster consists
of two adjacent cells}.

The information from the forward preshower counter is used to
require that a signal above a threshold Qg = 6 m.i.p. is observed in
each coordinate plane. The signal position along the magnetic field
direction must be within 10 cm of the impact point on the calorimeter,
as determined from the pulse height ratio between the two PMs of the
cluster cell with the higher energy deposition. We also require that the
track impact point on the preshower counter is less than 2 cm away
from the position of the preshower signal in both directions. Finally, we
require that the charged particle momentum P as measured in the
spectrometer, and the energy deposition in the calorimeter agree within
errors (see Table Ib).

In both the central and forward calorimeters, a small correction is
applied to the measured energy value as a function of the track impact
point and angle. The form of this correction has been determined
experimentally with electron test beams.

It should be noted that some of the selection criteria just described
are satisfied only by electrons which are not accompanied by other
high—pT hadrons hitting the same calorimeter cells as the electron.
While these criteria prevent the detection of high—pT electrons which
are contained in a jet of high-pT particles, they strongly reject fake
electrons whose main source is represented by jets consisting mostly of
high-pT photons from n® decay. In order to remove electrons from
photon conversion in the detector material, we require that the track
coordinates are found in at least one of the two innermost chambers of
the vertex detector (C, or C2}. Furthermore, in the forward detectors
we reject the event if we oberve another particle of opposite charge
sign produced with an angular separation smaller than 30 mr from the
electron candidate. To remove multi-photon jets in the central
detector, we require that any other signal observed in the preshower
counter C5 within a cone of 10° half-aperture around the track has an



associated charge which is not larger than the charge Qg associated
with the track.

A summary of the electron identification criteria is given in Table I,
together with their estimated efficiencies.

The present analysis is concerned only with electrons having
pTe > 15 GeV/c (approximately 8 x 107 triggers). After applying the
cuts defined in Table | this sample is reduced to 225 events containing
a total of 227 electron candidates, of which 200 are observed in the
central detector and 27 in the forward ones. The Py distribution of

these electrons is shown in Fig. 3.

5. TOPOLOGY OF THE EVENTS CONTAINING AN ELECTRON
CANDIDATE
The sample of 225 events still contains, in addition to genuine

electrons, fake electrons resulting from misidentified high—p-r hadrons
or jets of hadrons.

In the case of genuine electrons, because of lepton number
conservation the event must contain either another electron of opposite
charge (e.g. Z% — e*e”) or a neutrino (e.g. W - ev), which are also
emitted, in general, with high P

If the electron candidate is not genuine, but results from a
misidentified high—p-r hadron or jet of hadrons, we expect another jet
of high-p-l- hadrons to be present in the same event at an approximately
opposite azimuth. Such a configuration is typical of events containing
high-p hadronic jets [15,16].

In order to examine the topology of these events, we search for
high~p-r jets by wusing the fine segmentation of the calorimeters to
group into clusters all adjacent cells containing an energy deposition in
excess of 400 MeV. This procedure to identify high-pT particles or
jets of particles has been described in detail elsewhere [9,15,16].

-9 -



In the forward detectors, however, the calorimeter thickness is
equivalent to only 1 absorption length and hadronic showers are not
fully contained. In that case we use the calorimeters to measure the
energy of electromagnetic showers, and the magnetic spectrometers to
measure charged particie momenta [12].

To each cluster we associate a momentum b‘jet with magnitude equal
to the cluster energy and directed from the event vertex to the cluster
centroid. Most clusters have low transverse momenta, as expected for
the soft secondaries associated with the spectator constituents of the
incident p and p. To preferentially select high—pT particles resulting
from the hard collision which produced the electron candidate, we
define as a jet any cluster with a transverse momentum in excess of
3 GeV/c. This wvalue removes most of the spectator particles; the
probability to observe at least one cluster with PT > 3 GeV/c in
minimum bias events is measured to be only 15%.

We find that 45 events contain no additional high—pT cluster, the
etlectron candidate being the only high-—pT particle observed in the
detector. The P distribution of the electron candidates in these events
is shown in Fig. 4a. Such events either contain a neutrino, as in the
case of W - ev decays, or contain other high—p-r particles which have
escaped detection because they were emitted outside the detector
acceptance. Two-jet events, with one of the jets misidentified as an
electron and the other undetected, are expected to contribute to the
latter category. In this case the py distribution of these fake electrons
is expected to show the rapidly falling behaviour typical of the jet PT
spectrum [15,16].

The remaining 180 events contain at least one additional high—p_l_
cluster. For these events, Fig. 5a shows the distribution of the
azimuthal separation Ad between the momentum vector of the electron
candidate, r)’e, and that of the jet with the highest transverse
momentum. The peak at A¢ = 180° corresponds to configurations in
which the electron candidate is approximately back-to-back in azimuth
to a high-p-r jet. We expect these events to be contaminated by two-jet
events in which one of the two jets has been misidentified as an

electron.

- 10 -



In order to reduce the two-jet background in this sample we
consider for each event all the jets whose momenta 5jet are separated in
azimuth from b’e by an angle A¢ > 120°, and we use these jets to define
the quantity

Popp = BT IBT jot/ IB7° 17 (3)

opp

where 5Te and ‘p’T jet are two-dimensional vectors obtained projecting
b’e and 5jet on a plane perpendicular to the beams.

The distribution of Popp for the 180 events is shown in Fig. D5b.

The p-re distribution for the events which have popp > 0.2 (a total of
156 events) is shown in Fig. 4b. This sample contains the eight
7% — e*e” (or e*e’y) events reported in a previous publication [3], for
which the higher p-l-e value is plotted in Fig. 4b, and 148 events
consisting of an electron candidate with jet activity at opposite

azimuthal angles.

The pTe distribution of the remaining 24 events with Popp < 0.2 is
shown in Fig. 4c. Of these, 16 events have popp = 0, which
corresponds to no jet activity whatsoever in an azimuthal sector 260°

wide opposite to the electron direction.

The numbers of events observed in the three different topologies
are given in Table lla for the central and forward detectors separately.



6. BACKGROUND ESTIMATE TO THE ELECTRON SPECTRA

The results of the previous section suggest that the sample of 148
events with jet activity at azimuthal angles opposite to that of the
electron candidates consists mostly of two-jet events in which one of the
two jets has been misidentified as an electron.

Evidence for such background is obtained by applying the strict
cuts defined in Table la to the 135 electrons detected in the central
region which are contained in this sample after removing the eight Z°
events. Only 74 events survive, or 55% of the sample. In the case of
genuine electrons the expected fraction would be equal to the ratio of
the cut efficiencies, which is 86%.

This argument suggests that most of the 148 electrons are indeed
misidentified hadrons, but it does not exclude the presence of genuine
electrons in this sample. A discussion of the possible sources of
electron-jet events in an azimuthally opposite configuration is beyond
the scope of this paper, and, with the exception of W production at
high Pt such events represent a background to the signal if the jet at
Ad = 180° to the electron is not detected in the apparatus. For these
reasons, in the following analysis these 148 events are taken as a pure
background sample. We note that the rate of occurrence of these
events is lower than that of inclusive jet production [16] in the same
Pt region by a factor of ~ 3.6 x 10° for the central detector and
~ 2.6 x 10% for the forward ones.

Backgrounds to the two event samples of Fig. 4a and 4c, which
consist of electron candidates without and with jets, respectively, are
estimated as follows. We consider a sample of events recorded using the
trigger described in section 3, in which, however, no energy cluster
with P > 15 GeV/c passes the electron cuts of Table |. In each of
these events we take as an electron the energy cluster with P > 15
GeV/c (if any) having the smallest hadronic energy leakage. These
fake electrons are then analysed in exactly the same way as the sample
of electron candidates. In particular, they are subdivided into three
samples, called A, B and C, respectively, with sample A containing the

- 12 -




events having no additional jets, and samples B and C consisting of
events in which the additional jets satisfy the condition Popp > 0.2 and
o) < 0.2, respectively (see Eq. 3).

opp

The ratio between the P distribution of sample A to that of sample
B gives directly the probability that in two-jet events one of the two
jets escapes detection because of the incomplete angular coverage of the
apparatus. We find that such probability decreases from ~ 10% to ~ 2%
when PT increases from 15 to 25 GeV/c, and it depends only weakly on
the production angle of the fake electron.

We assume that the P distributions of the samples A, B and C are
similar to those of the background events contained in the
corresponding electron samples. We can check this assumption for the
148 electron candidates with popp > 0.2 which, as mentiocned above, are
taken as a pure background sample, and we do indeed find that they
have the same PT distribution as the fake electrons of sample B. The
background contributions to the 69 electron candidates in the other two
topologies (45 with no additional jets and 24 with jets having
Popp < 0.2) are then estimated directly from the PT distributions of
samples A and C, multiplied by a factor equal to the ratio of the total
number of electron candidates with Popp > 0.2 (148 events) to the total
number of events in sample B. These background estimates are shown
as smooth curves in Fig. 4a and 4c.

7. THE W -~ ev EVENT SAMPLE

The two event samples of Fig. 4a and 4c are expected to contain
electrons from W — ev decay. The combined p-re distribution of these 69
electron candidates is shown in Fig. 6a together with the background
estimate, which amounts to 21.4 £ 1.3 events in total. There is a clear
accumulation of events near pTe = 40 GeV/c¢, which is a distinctive
characteristic of the Jacobian peak expected for W — ev decay. For
pTe > 25 GeV the distribution of Fig. 6a contains 37 events with an
estimated background of 1.5 * 0.1 events.

- 13 -



As a further check that the electron candidates with
p-l-e > 25 GeV/c are mostly genuine, we apply the strict electron
identification criteria to the 30 electron candidates observed in the
central detector. A total of 26 events pass these cuts, as expected from
the ratio of the cut efficiencies. The pTe distribution for the total
sample {(but using the strict electron identification criteria in the
central detector) is shown in Fig. 6b with the corresponding
background estimate.

Further evidence that these events consist of genuine electrons is
given in Figs. 7a to 7f, which show the distributions of some of the
variables used to define the electron identification criteria
(see Table 1), such as the ratio Ehad/EcI (or Eleak/Eem in the forward
regions), the distance between the track and the preshower signal, and
the charge measured in the preshower counter. All of these
distributions are consistent with an electron behaviour. Finally, Fig. 7g
shows a comparison between the most likely ionisation [, associated with
the electron candidate track, as measured by the drift chambers of the
vertex detector, and that measured for tracks in minimum bias events.
The |y distribution of the electron candidates is peaked at a higher Iq
value than that of minimum bias tracks, as expected from the effect of
the relativistic rise of the ionisation loss.

The numbers of W — ev candidates with pTe > 25 GeV/c observed in
the central and forward detectors, respectively, are given in Table Ilb
together with the corresponding background estimates.

The presence of a neutrino in W — ev events can be detected by the
resulting transverse momentum imbalance. For each event we compute

- Bre (4)

where all vectors are projected onto a plane normal to the beams. The
W transverse momentum p’TW can be determined from the momenta of all
other particles, or jets of particles, observed in the event in addition
to the electron candidate :

BT = - (X By g * A PP (5)
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where the sum extends over all observed jets, ﬁTSp is the total
transverse momentum carried by the system of all other particles not
belonging to jets, and A is a correction factor which takes into account
the incomplete detection of the rest of the event (A =1 for an ideal
detector). To determine this correction, we use the eight Z° events
previously reported [3] (see also Section 11 and Table !l1) and we
compare the mean value of p-l-Z which is directly determined from the
transverse momenta of the decay products, with that obtained using
Eqg.(5), <p-|-'>. We find A=2.2+*0.5 in order to obtain

<p-|-z> = <pT'>. An estimate of the error on <p-|-'> is given by the

r.m.s. of the difference pTZ - p-r' for the eight Z° events, whose
value is 3.0 GeV/c.

Figure 8 shows both the uncorrected and corrected distribution of
pTW, as obtained using Eg. (5) with A = 1.0 and 2.2, respectively, for

the 37 W — ev candidates having p-l_e > 25 GeV/c. The corrected mean
value of pTW is < pTW >=6.9+ 1.0 GeV/c. There are 5 events with

pTW > 12 GeV/c, the highest pTW value being 29.6 GeV/c. QCD
predictions [17], illustrated by the curve in Fig. 8, are consistent with
the observed distribution.

We obtain the neutrinoe transverse momentum p’TV from Eq. (4) and
we define two components pgv and pnv paraliel and perpendicular to
5Te’ respectively. Figure 9a and 9b show all the 69 events of the

sample in the (p € » v) and (p € P V) plane, respectively. Most of
T g T M

the events populate the regions pEV z p-l-e, pnv = 0 where W — ev

events with small values of pTW are expected to fall. There are three

v

events with pn > 20 GeV/c, which are clearly separated from the rest

of the population. The only event of these three with p-i-e > 25 GeV/c

is that having the highest pTW in the distribution of Fig. 8. We
interpret this event as the production of a high~|:>T W recoiling against
a jet, followed by the decay W — ev. The other two events are
discussed in a separate publication [18].

In the 37 W - ev candidates having p-re > 25 GeV/c, we have also
studied the system of all other observed particles (the underiying

- 15 -



event), after removal of the electron and the jets (if any). For the
events containing no jet we find a structure similar to that of minimum
bias events. More precisely, the average charged particle muMltiplicity
measured over the pseudorapidity interval |n| < 2 is found to be
< Neh >=15.8 £ 1.9 to be compared with the value
< Neh > = 14.7 £+ 0.2 measured for a sample of minimum bias events ;
and we measure < IET >=9.7+ 1.2 GeV for the average value of the
sum of the energies of all particles other than the electron, while it is
~ 8.8 2 0.2 GeV in minimum bias events. If we include the W — ev
events containing jets, these values increase to < Neh >=19.3+1.9
and < IET > =14.1 £ 1.7 GeV. We note also that the occurrence of jets
in the W — ev sample is approximately twice as large as in minimum bias
eventis.

8. DETERMINATION OF THE W MASS

A value of the W mass is extracted from the 37 W - ev candidates

with pTe > 25 GeV/c by comparing their two-dimensional distribution

dzn/deedee, where Ge is the measured electron polar angle, to that
expected from W — ev decay. A Monte Carlo program is used to
generate the distribution d2n/d;:>-'-&d(§)e for different values of the W
mass MW‘ The W longitudinal momentum distribution is obtained using
the quark structure functions of the proton with scaling violations, as
given by Glick et al [19]. A p-l-W distribution is generated using the

shape given in Ref. [17], where we allow the average value < pTW > to
vary in order to take intc account uncertainties of QCD predictions.
The decay angular distribution is described by the standard V-A
coupling and the detector response is taken into account. A fixed value
of the W width, FW = 2.7 GeV/c?, is used.

The best fit to the experimental distribution dzn/c:lp-l-ed(':)e gives
MW =83.1 £ 1.9 GeV/c?2, where the error includes an uncertainty of

1 GeV/c2? resulting from the effect of varying < pTW > between 4 and
10 GeV/c in the fit. This uncertainty is added in quadrature to the
statistical error.
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In addition to the quoted error, we must take into account the
systematic uncertainty in the calorimeter energy calibration, which, as
already mentioned in Section 2, amounts to an average value of *1.5%.
The error resulting from the cell-to-cell uncertainty (see Section 2)
reduces to 2.2%/v37 = 0.4% for our event sample, and is added in
quadrature to the previously quoted statistical error.

To summarise we quote

My, = 83.17 £ 1.9 (stat.) + 1.3 (syst.) GeV/c? (6)

w
where we choose to separate the two errors because most of the
systematic errors cancel when comparing the experimental values of MW
and MZ. Within the quoted errors this wvalue agrees with the result of
the UAT experiment [20], My = 80.9 = 1.5(stat.) = 2.4(syst.) GeV/c2.

9. CHARGE ASYMMETRY

It is known that, as a consequence of the V-A coupling, the W is
always produced with full polarisation along the direction of the incident
p beam, and a distinctive charge asymmetry can be observed in the
decay W — ev. In the W rest frame the angular distribution has the
form (1 - g <:os9*)2 where q is -1 for electrons and *1 for positrons,
and 9* is the angle between the charged lepton and the direction of the
incident protons. However, precisely the same configuration would
result from V*A coupling because in this case all helicities change sign.
To maintain full gererality and to allow for different amounts of V and
A coupling we write the angular distribution in the form

* * *
dn/d(cos® )} « (1-q cosB )2 + 2 g a cosB (7)
where a depends on the ratio x between the A and V coupling (time
reversal invariance requires x to be real). Under the assumption that x
is the same for both Wqg and Wev couplings, « is given by

a = [(1-x2)/(1+x2)]2 (8)
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which gives a = 0 for |x|

In the UA2 detector a determination of the charge sign is only
possible in the forward detectors where a magnetic field is present.
Since the sensitivity of the data to the exact form of the angular
distribution is hlghest for values of cose close to *1, corresponding to
small values of pT , we consider all electrons with p-re > 20 GeV/c that

are detected in the forward regions and passing the cuts defined in
Table |I.

Such a sample contains 8 events with an estimated background of
0.2 events. A comparison between the electron momentum p and the
energy E, as measured in the calorimeter, is made in Fig. 10, which
shows the position of these events in the plane (p~%, E-1), where p is
the product of the electron momentum with the sign of g cosB (Ge
being the laboratory angle of the electron with respect to the proton
direction). The horizontal error bars in Fig. 10 represent the

uncertainty on the measurement of p~*, which is 0.01 (GeV/c)" 1.

A clear asymmetry is visible in Fig. 10, with all the events lying on
one side of the plot. In order to extract a value of x from these data
we compute two-dimensional distributions fi(pTe, Ge) for positrons and
electrons separately, using Egs. (7) and (8) and taking into account
the W longitudinal motion. To each event we assign a likelihood
Qi =f'm* * 17, where n*(n°) is the probability density that the
observed par‘tlcle was a positron (an electron) of momentum p, and the

functions f° are calculated at the observed values of pT and 6 The

probability densities n reflect the uncertainty in the determination of
the charge sign resulting from the error in the momentum measurement.
Maximizing the likelihood . Qi we obtain |x| = 'IOtgg for the ratio
between the strengths of the A and V couplings.

We remark that our event sample consists of seven positrons
detected in one hemisphere and one electron detected in the opposite
hemisphere. The probability to observe no more than one electron in
one of the two hemispheres is -~ 7%.
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10. CROSS-SECTION FOR INCLUSIVE W PRODUCTION

We obtain the cross-section crwe for the inclusive process

B tp — Wo o+ anything followed by the decay W — ev, from the relation
e _
N = Yo, €N (9

where NW,e is the observed number of W = ev decays, % is the
integrated luminosity, € is the detector acceptance, which includes the
effect of the p-l-e threshold, and n is the overall efficiency of the
electron identification criteria averaged over the central and forward
detectors (see Table 1),

The detector acceptance ¢ is calculated using Monte Carlo
techniques. The effect of the cut popp < 0.2 described in Section 5,
which rejects electrons in the presence of hadron jets at opposite
azimuthal angles, is taken into account by generating events containing
W — ev decays and jets by means of the ISAJET program [21]. The
value so obtained is ¢ = 0.60 * 0.01.

We use all 37 events with pTe > 25 GeV/c, for which
n=0.77 £ 0.05. This sample is contaminated by misidentified electrons
(1.5 events}, by electrons from Z° — e*e” decay with one electron
undetected, and from W — TV followed by 1T — ev v .

The Z° contribution is estimated by a Monte Cario technique. If we
normalise the result to the total number of Z9 — e*e” events observed
in this experiment (eight events, as reported in Ref. 3), we obtain
2.5+ 0.9 events.

The contribution from the W — TV, T T oev v decay chain to the
remaining 33 * 6.2 events is taken into account by writing
NWe = 33/(1 + ETBT/E) where €; is the detector acceptance for electrons
from the W — 7 — e decay chain, and BT = 0.17 is the branching ratio
for the decay 1t - ev v_ [22]. From the value £.=0.10 £ 0.01, which
we obtain by Monte Carlo techniques, we derive the wvalue

NW(’3 = 32.1 £ 6.0 for the number of W = ev decays in our sample.

- 19 -



The sum of all contributions to the 37 events with pTe > 25 GeV/c
is shown as a dashed curve in Fig. 6a. It should be noted that
electrons from Z° — e*e” and W — 1 — e decays in this sample have a
rather flat pTe distribution and their effect on the determination of the
W mass (see Section 8) is negligible.

From the value of the total integrated luminosity, # = 131 nb 21, we
obtain

Ow = 0.53 + 0.10(stat.) * 0.10(syst.) nb (10)

where the systematic error reflects a #20% uncertainty in the knowledge
of #. This value is in agreement with QCD predictions [17,23] and with
the results of the UAT experiment [20].

1. THE DECAY Z° - e*e”

The observation in this experiment of seven Z° — e*e~ decays and
one Z° — e*e’y decay has already been reported [3]. Following a
recent recalibration of the calorimeters, the invariant mass values of
these events and their errors have been slightly modified (see Table
I11). The updated value of the Z° mass based on the weighted average
of events A, B, C and E is

MZ =92.7 ¢+ 1.7(stat.) + 1.4(syst.) GeV/c? (1)

We recall that this value is obtained using only the four events for
which the energy of both electrons (and that of the photon in the e*ey
event) is unambiguously determined. Within errors, this result agrees
with  the Z° mass value determined in the UAT experiment,
M., = 95.6 £ 1.4(stat.) + 2.9(syst.) GeV/c? [24].

In order to extract an estimate of the Z° width, I'Z, from these four
events, we first note that the r.m.s. deviation of the four mass values
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from the value of M, given by Eq. (11} is 2.0 GeV/c?, which is almost
the same as the weighted average of the errors o = 2.1 GeV/c2. To
obtain an upper limit to FZ, we use a Monte Carlo program which
generates a large number of event samples, each consisting of four
7° - e*e” decays, according to a Breit-Wigner shape and taking into
account the energy resolution of the detector. As an estimate of the
upper limit to FZ at the 90% (95%) confidence level, we use the value
which gives an r.m.s. of less than 2.0 GeV/c? in 10% (5%) of the event
samples. This wvalue is FZ < 6.5+ 0.6 GeV/c? (FZ < 9.9 £ 0.7 GeV/c?)
at the 90% (95%) confidence level. The errors given here are systematic
errors resulting from the possible variation of the r.m.s. with different
event weighting, and from the variation of l'Z as a function of the o
value used. They reflect the possible uncertainty in estimating the
errors in the energy measurements. It should be noted that if the mass
errors have been overestimated, the upper limit to FZ would decrease.

A larger statistical sample and smaller systematic errors are clearly
needed before reaching a definitive conclusion on the value of FZ from
this technique.

Within the standard model , this upper limit can be related to the
number of additional light neutrinos ANv‘ We find
ANV < 223 (ANV < 41 £+ 4) at the 90% (95%) confidence level,
assuming sin29W = 0.22 and a value of the t-quark mass me > MZ/Z (we
choose this value because it gives the highest upper limit for ANV).

An independent estimate of l'Z can be obtained within the standard

model by measuring the ratio R = cze/cwe where cze is the
cross-section for inclusive Z° production followed by the decay
Z° — e*e” [26]. We obtain o‘ze after corrections which take into account
the detector acceptance (57%, as estimated by Monte Carlo techniques}
and the efficiency of the electron identification criteria. In this case we
use all eight events, for which at least one electron passes all cuts and

we find

oze = 0.11 £ 0.04(stat.) * O..02(syst.) nb (12)
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which is approximately twice as large as the value predicted by QCD
[17,25]. For comparison, the UAT result is [24]
0,% = 0.050 + 0.020(stat.) * 0.009(syst.) nb.

The error on R is dominated by statistics, because the value of the
total integrated luminosity cancels out. We find R = 0.2] + 0.08 and
R > 0.176 (R > 0.098) at the 90% (95%) confidence level. QCD estimates
of the ratio between Z° and W production cross-sections [26] provide a
relation between R and the ratio FW/FZ :

I'W/I’Z = (9.3 £0.9 R (13)
where the error reflects the uncertainty of the QCD calculations. Using
the standard model value of I'W, I'W = 2.77 GeV/c? (which corresponds

to a t-quark mass my = MZ/Z) we find !'Z < 2.6 0.3 GeV/c?
(I'Z < 3.7 £ 0.3 Gev/c?) at the 90% (95%) confidence level.

As before, we can extract upper limits to the number of additional
light neutrinos AN,. We find AN, <0 (ANV < 2} at the 90% (95%)
confidence level. If we decrease the numerical factor in Eq. (13) by its
error, these limits become 1 and 4, respectively. Again, a larger
statistical sample is clearly needed.

Our result suggests a smaller value of 7 than the standard model
prediction, rz = 2.7 GeV/c?, which would give R = 0.11. In this case
the probability to find an experimental value R 2 0.21 is 6%. Since we
have determined this value by using all the eight Z° events, we have
considered the possibility that a fraction of these events does not result
from Z° — e*e” decay, as suggested by the fact that in three of them
one of the two electrons does not pass the cuts of Table | because the
pattern of energy deposition in the calorimeter is not consistent with
that expected from an electron [3]. Recent measurements performed
using test beam electrons of 40 GeV from the SPS impinging on the
calorimeter in the same geometrical configuration as the three electrons
in the Z° — e*e” events have confirmed this inconsistency. However, in
all of these three events the other electron passes all strict cuts, and
furthermore, their mass values fall within * 9 GeV/c2 of the Z° mass,
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with no other event appearing in the e'e” invariant mass distribution
down to a mass threshold of 50 GeV/c2. In addition, as mentioned in
Ref. 3, the background contamination to the eight events is estimated
to be 0.03 events only. For these reasons we retain the interpretation
that all of our eight Z°® events contain an e*e” pair.

12. THE DECAY Z°9 - e*e"y

We have reported [3] a Z° — e*e "y event containing a photon with
an energy k = 24 GeV and an 11 GeV electron clearly separated by an
angle w;_, = 31°, excluding, therefore, external bremsstrahlung. In
Ref. 3 we estimated that the probability that in a Z° - e*e” decay a
photon at least as hard as the observed one is emitted as a result of
radiative corrections [27], and the e*e” opening angle is equal to, or
smaller than the measured one, is ~ 5 x 10°3 per event. This
calculation, which was performed in the Z9 rest frame, should not be
considered as an estimate of the probability of such a Z% ~ e*e”y decay
because it does not take into consideration all configurations which are
less likely than the observed one (for example, the case k = 23.5 GeV,
w = 90°),

There are several possible ways to define the relative likelihood of
Z° — e’e”y configurations. For cases of non-collinear ey pairs, the
event distribution in the Z° rest frame is given by the differential
cross-section
d%o o1 x5 + x3

—————— = 0-0 — (14)
dx1dx» 2m (l=xy)(l-x%3)

where oo is the total cross-section for Z° — e*e~ without radiative
corrections, and X; = 2Ei/MZ’ Ei being the electron energies. We say
that a configuration is less likely than the observed one if its
differential cross-section is smaller than that calculated at the point
corresponding to the observed Z° — e*e "y event {see Table IlIlb}. This
definition corresponds to the Neyman-Pearson test [28] which is being
used to compare the hypothesis of internal bremsstrahlung to the
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hypothesis of a constant differential cross-section. Integrating Eq. (14)
over all configurations which are less likely than the observed one we
find a probability of 1.4% per event, or 11% to observe at least one
such event in a sample of eight. It should be noted that detectable
Z° — e'e’y decays can be divided into two classes of configurations,
the first consisting of three clearly resolved energy clusters, and the
second containing unresolved ey pairs which result in energy clusters
inconsistent with an isolated electron. The corresponding probabilities
are ~1.0% and ~0.1% per event, respectively. The remaining Z° — e*ey
decays correspond to configurations which are not detectable in the UA2
apparatus.

Another possibility which does not rely on an alternative hypothesis
consists in examining the differential cross-section as a function of k
and w. In these variables the following approximation is vatid :

2
d"—dkd(l = f(k)g(w) (15)

We can use the result [29] that the total probability of events less
likely than the observed one is P = P'(1- In P') where P' = 0.005 is the
probability of a Z° — e*e”y decay with a photon at least as hard as the
observed one and an ey opening angle at least as large as that
observed. This would lead to a total probability P = 0.03, or a
probability of 21% to observe at least one such event in a sample of
eight. This probability is divided roughly equally between the two
classes of configurations described earlier.

Finally, we can calculate by means of a simulation program the ratio
of the cross-section for producing a detectable Z® — e*e”y event in the
UA2 apparatus as a result of internal bremsstrahlung to the total
Z° — e*e” and e'e’y cross-section. We find a ratio of 1.8 ¢ 0.2% for
each of the two detectable configurations. This value corresponds to a
probability of 13% to detect at least one three-cluster event in a sample
of eight, or 25% to observe at least one event inconsistent with a
Z°% — e*e” hypothesis.
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The UAT1 collaboration have recently reported the observation of a
Z° — e*e”y event [30] which had been previously interpreted as a
result of external bremsstrahlung [24]. A similar analysis of the
combined sample of 12 Z° — e*e” or e*e"y events suggests that the
probabifity to observe two or more e*e”y events in this sample is of the
order of 5%.

The UA1 collaboration has also reported evidence for a Z° — u*p7y
event [30]. It is not excluded, therefore, that these events may be the
manifestation of a new and unexpected decay mode of the Z° boson
[31]. We remark that there are no means to distinguish between a
photon and a low-mass multiphoton system of high transverse momentum
in either the UA1 or the UA2 detector.

13. SEARCH FOR THE DECAY W — evy

Given the interest in unexpected decay modes of the Z° we have
also looked for events compatible with the decay W — evy in the full
data sample. [n the central detector, we search for events containing
an electron candidate with p-l-e > 8 GeV/c which passes the cuts of
Table la, and an additional photon with a momentum k in excess of 8
GeV/c. A photon is defined as an energy cluster which satisfies the
same criteria on size and hadronic leakage as an electron, but has no
charged particle track pointing to it. If also the photon cluster is seen
in the central detector, we require an angular separation w > 30°
between the cluster centroids in order to resolve the ey pair.

Six events satisfy these conditions. However, none of them survives
the additional requirement of a transverse momentum imbalance
compatible with the presence of a neutrino having p-l-V > 10 GeV/c. A
Monte Carlo estimate of the number of W — evy decays which are
expected to satisfy all of these requirements as a result of radiative

corrections gives 0.1 event.
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In the forward detectors we can identify ey pairs with very small
opening angles by releasing the condition that the electron momentum p
and the energy E agree within the measuring errors. In this case,
however, we limit our search to electron transverse momenta in excess
of 20 GeV/c {as measured in the calorimeter), for which we expect a
background contribution of 0.2 events. We find one event which
contains a cluster of transverse energy ET = 41 GeV (E = 86.2 GeV)
and a track of 3.6 GeV/c momentum pointing to the cluster and
satisfying all other electron identification criteria. Large missing PT is
detected in this event as expected in the case of an associated
neutrino. The estimated background for pTe > 35 GeV/c is 0.01 events.
Since the opening angle of this ey pair is compatible with zero, we also
consider the effect of external bremsstrahlung and we obtain a
probability of 0.5% per W — ev decay, or 4.5% to observe one such
event in the sample of 9 W — ev and evy candidates with

p-l-e > 20 GeV/c detected in the forward detectors.

14. COMPARISON WITH THE SU(2)eU(1) MODEL

The IVB mass values predicted in the framework of the standard

model taking into  account radiatLve corrections are [32]
My = 83.0':3'3 GeV/c? and M5 = 93.8 t;z GeV/c2. These values are in

excellent agréement with our experimental values given in Eq. (6) and
(11), respectively.

We can extract a value of sin29W from the definition [33]
sin?6,,, = 1-M,,,2/M->2, where the systematic errors on the mass scale
W W zZ

resulting from the uncertainty in the calorimeter calibration cancel out.
We find

sin26W = 0.196 + 0.035 (16)

in good agreement with the world average result of deep-inelastic

neutrino experiments (including radiative corrections),
sin‘”"-eW = 0.217 = 0.014 (34).
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We can extract a more precise value of sin"’ew from the relation
MW = A/sinew, where the numerical value A = 38.65 * 0.04 GeV/c? s
obtained taking into account radiative corrections [32]. In this case we
find

sin28W = 0.276 = 0.010(stat.) ¢ 0.007(syst.) (17)

A test of the standard model is provided by the relationship
p = MWZ/[Mzz('I-Az/MWz)] which should be equal to 1 for the minimal
Higgs structure. We find
p=1.02 £ 0.06 (18

in good agreement with the minimal SU(2)eU(1) model.
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Table I ~ Electron identification criteria

a) Central detector

Physical quantity Description Cuts ?fﬁ;;;izzy n
electron)
Calorimeter energy Radius Ry, R¢ Re,R¢<i0.5 cells 1.0
Hadronic leakage Hp = 0.035 + ) .99
< %
Ehad/Ecl Hyp 0.051 1In EC]_
Associated track Distance A between track A <1 0.90
and cluster centroid.
At least one hit in
chambers C; or C;.
. F*k) i %)
Preshower signal Signal from chamber C; dg = 7 mm 0.95
within distance dy from
track intercept.
Associated charge Qo ¥ 3 m.i.p. 0.95
Qs > Qo
No additional cluster
within distance d; of d; = 60 mm 1.0
selected cluster, with
charge larger than Qs
Track-energy Require energy pattern Py = 107*% 0.95
cluster match to agree with that
expected from electron :
P(x*) > P,

Overall efficiency 0.76 £ 0.05

*) Strict cuts : Hp = 0.023 * 0.034 1n Ecl (n = 0.95)
do = 5.5 mm (ﬂ = 0-90)
Py = 1072 (n = 0.90)

o

**%) This cut is not applied in a region A = 18 wide where

chamber Cs was not operatiomnal.
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b} Forward detectors

Physical quantity

Description

Cuts

Efficiency
(isclated electrons)

Calorimeter energy

Cluster size g 2 cells
Energy fraction (charged
and neutral) in adjacent
cells < £,

Energy leakage
Eleak/Eem < Ho

0.05

.
o
Il

Hy = 0,02

1.0

Associated track

Forward track crossing
cluster cell., Track
minimum distance t from
vertex in transverse
projection less than t,

Associated transverse
vertex track within
|Ap] < g

At least one hit in
chambers €, or C;. No
identified conversion

20 mm

T
<
1

¢!0 30 mr

0.98

0.96

Preshower signal

Signal in each MTPC
plane within distance

8y of track intercept :
|Ax| < &4, [Ay] < &

Associated MTPC charge
Q> Qo

It

(Sg 20 mm

QQ % 6 m.i.p.

0.99

Preshower—energy
cluster match

Distance of projected
MTPC position and
cluster centroid as
evaluated from PM ratio
|ax| < 4

>
[
]

100 mm

0.98

Momentum

Momentum p and
calorimeter energy E
satisfy

lp~ -5~ | /o(p™ 1 -E7 " )<ag

0.95"%

*) A cut H

Overall efficilency

0.80 = 0.0>

two adjacent cells.

0.03 is applied if the emergy is shared between

#%) This value takes into account both internal and external

bremsstrahlung,
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Table II

a) Numbers of events containing

an electron candidate with pTe > 15 GeV/c

{(after removal of the eight z° events !3|)

Topology

Central detector

Forward detectors

No additional jets

Jets with QO < 0.

PP

Jets with 0, > 0,

PP

2

2

38

20

£35

13

b) Numbers of W -+ ev candidates with

Frp

> 25 GeV/c and background estimates

Central detector

Forward detector

Signal

Background

30

1.4 £ 0.1

7

0.05
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Table III

a) Parameters of the z° events
Event A B C D E ¥ G H
E1(GeV) 71.5+1.8|48.4£1.7169.9%1,8|104.5%26.,4|60,0£2,0155.6£2,1145,1+1 . 5|46.3%1.6
E,(GeV) 49 . 721.6|72,1+2.6[11.5+0. 51.321.6(38.6%1 .4|46,6x1,6{47,611 5142.1x1 .4
k (GeV) 24 ,4%1
M(GeV/c?)|91.6x1.9|94.622.4(90,6%1, 91.9%3,2195.5£2.3192.,0£2.3|83.4+1,9:88.0%2.1
pT(GeV/c) 0.4%1,4|12,7£1.8| 1.420. 2.7x1.7| 6.2*+1.1| 5.5+2.0|10.4+1.8, 6.7+0.9
Other relevant parameters are given in Ref. 3
o .+ -
b) Parameters of event C (Z~ > e e ¥)
in the z° rest frame
2(e") /M, 0.989 M(eTeT) Gev/c? | 50.4%1.7
2E(e /M, 0.318 M(e v} Gev/c? 9.140.3
2K/M,, 0.690 M(e'y) Gev/c? | 74.7t1.8
wle y)(deg.) | 25%z1
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FIGURE CAPTICNS

A view of the UA2 detector in a plane containing the beam line.
Exploded view of a sector in one of the two forward regions.

Transverse momentum distribution of the 227 electron
candidates satisfying the selection criteria of Table |.

a) Transverse momentum distribution of the electron candidates
in events with no additional jets.

b) Transverse momentum distribution of the electron candidates
in events with additional jets having Popp > 0.2 (see Eq. 3).
The dark area corresponds to the eight Z° events for which
only the electron with the higher p-]_e is plotted.

¢) Transverse momentum distribution of the electron candidates
in events with additional jets having popp < 0.2,

The curves represent the background estimates as discussed in
Section 6.

a) Distribution of the azimuthal separation Adp between the
momentum vector of the electron candidate and that of the
associated jet having the highest PT-

b) Distribution of Popp (see Eq. 3) for events containing an
electron candidate and at least one associated jet.

The curves represent the background estimates as discussed in
Section 6,

a) Transverse momentum distributions of the electron candidate
in the W — ev event sample; b) strict cuts applied in the
central detector.

Full curves : background estimates as discussed in Section 6.
Dashed curve : the sum of all expected contributions as
discussed in Section 10.
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10.

Quality parameters of the electron candidates with
pTe > 25 GeV/c in the W — ev sample. Central detector : a)
distribution of the ratio Ehad/EcI normalised to the value of Hg
used in the strict cuts (see Tabkle la) ; b) distribution of d2 ;
¢) distribution of Qs. Forward detectors : d) distribution of
the ratio Eleak/Eem ; e) scatter plot of the signal position in
the preshower counter with respect to the track impact point ;
f) distribution of Q(MTPC) ; g) Distribution of the most likely
ionisation |, associated with the electron candidate track (full
histogram). The dashed histogram is the corresponding
distribution for tracks in minimum bias events.

a) Uncorrected distribution of the W transverse momentum
{(from Eq. 5 with A = 1).

b) Corrected distribution (from Eq. 5 with A = 2.2}. The curve
represents a QCD prediction [17].

Scatter plots of the 69 W — ev candidates : a) in the plane
e e . ; e v

Pt - pa ; b} in the plane Pt ,pn .

Plot of 1/E vs 1/p for the eight W — ev candidates with

pTe > 20 GeV/c detected in the forward regions. The quantity

p is the product of the electron momentum, as measured by

magnetic deflection, with the sign of the product qcos8, where

g =*1 (-1) for e*(e7).
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