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ABSTRACT

A study has been made of the decays W + ev and Z - e*e”, using the
UA2 detector at the CERN Pp Collider. The data correspond to an
integrated luminosity of 142nb~! at a centre-of-mass collision energy
A8 = 546 GeV, and 768 nb! at /s = 630 GeV. Measurements of the
Standard Model parameters from samples of 251 W decay and 39 Z decay
candidates are compared with expectations of the Standard Electroweak
Model.
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1. INTRODUCTION

In previous publications [ 1-4] we have reported data on the production and decay of the W and Z
bosons, via the processes

p+ p—+ W + anything

- ei + Ve (ﬁe) + anythmg, (1)
and p + p+ Z + anything
-~ e’ +e” + anything. (2)

The data published cotrespond to a total integrated luminosity of 142 nb~! at a centre-of-mass
energy /s = 546 GeV and 316 nb™?! at ,/s = 630 GeV. In a subsequent run during 1985, the
integrated luminosity at /s = 630 GeV collected by the UA2 detector was increased to 768 nb~*. In
this letter we report final results on those aspects of W and Z production and decay which are relevant
to comparisons with the Standard Electroweak Model [5].

In a following publication [6], we report on the production properties of the W and Z bosons,
emphasising those aspects related to the predictions of QCD.

2. DATA ANALYSIS AND EVENT SAMPLES

The UA2 detector has been described elsewhere [3-4,7-9]. Of importance for the accurate
measurement of the Standard Model parameters using the clectron decay modes of the W and Z
bosons are :

i. the accurate measurement of the energies of identified electrons, and

ii. the selection with a well-measured efficiency of event samples that are minimally
contaminated by backgrounds, generally resulting from hadronic jets that satisfy the criteria
used to identify electrons in the detector.

2.1 Calorimeter energy measurements

Electrons are identified in the UA2 detector over the full azmuthal range, 0° < ¢ < 360°, and in
polar angles 20° < @ < 160° with respect to the beam line.

The UA2 calorimeter, which is used to measure the electron energy, is divided into two regions.
In the central region (40° < & < 140°) each of 240 electromagnetic and hadronic calorimeter cells
subtends 10° in 8 and 15° in ¢ [7]. Clusters of energy deposition are obtained by joining cells which
share a common side and contain at least 0.4 GeV. The cluster energy E is defined as
Eql = Een + Enad» Where Egpy, is the sum of the energies deposited in cells of the electromagnetic
compartment of the calorimeter and Ep,,4 is the corresponding sum for the hadronic compartments.
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Since the response of the calorimeter to electrons and hadrons is different, two values of the energy are
retained, corresponding to whether the calorimeter cluster is considered to result from an
electromagnetic or from a hadronic shower.

In the forward calorimeters [8] (20° < # < 37.5° and 142.5° < @< 160°), clusters are
reconstructed as for the central calotimeter. Since the 240 forward calorimeter cells are far from the
interaction point, and their size is large compared with that of an electromagnetic shower, any cluster
of electromagnetic origin should consist of at most two adjacent cells. For showers of hadronic origin,
the absence of hadronic calorimetry prevents an energy measurement from the calorimeters alone, and
information from the momenta of reconstructed charged tracks in the preceding magnetic spectrometer
is included.

Each calonmeter cell was initially calibrated in a 10 GeV/c electron beam [8-9], and the energy
resolution for isolated electrons was measured to be, on average,

og = 0.14 /E (E in GeV).

However, the most important energy measurement error results from systematic uncertainties of the
calorimeter calibration. The uncertainty on the absolute scale of energy measurement in the central
calorimeter, after an operating period exceeding 5 years, is +1.5%, with an additional cell-to-cell
calibration uncertainty of rms 2.5%. A further uncertainty results from the time variation of the light
attenuation properties of the calonimeter scintillator. We estimate a total systematic uncertainty on the
measured electron energy of +1.6%. These estimates have been confirmed by a recalibration of 40 cells
of the central calorimeter in June 1986.

In the case of the forward calorimeters, 50 cells were recalibrated in July 1986. As a result of this
recalibration, the energy value assigned to forward electrons of the W and Z samples has been changed
on average by -4.4%. In particular, we note that the energy has been re-evaluated for the sample of
forward electrons collected during the 1985 fun, and also for previously published data samples [1-4].
We estimate an uncertainty on the absolute energy scale of * 2.5%, with an additional cell-to-cell
calibration uncertainty of 2.5%.

2.2 Identification of events satisfying the W - ev hypothesis

Events are selected from a hardware trigger which requires a transverse energy deposition
ET > 10 GeV in any 2 x 2 cell matrix of the clectromagnetic calorimeter, in coincidence with a
minimum bias signal from small angle hodoscopes [10] which are used to suppress backgrounds not
resulting from pp collisions.

An electron candidate is defined to be a reconstructed calorimeter cluster of transverse energy
ET® > 10 GeV which satisfies a set of criteria characteristic of isolated high-p electrons:

1. the cluster of energy deposition in the calorimeter must have small lateral dimensions and a
small energy leakage in the hadronic compartment as expected for an isolated electron,

ii. a charged particle track which points to the cluster must be reconstructed and the pattern of
energy deposition in the calorimeter must be consistent with that expected from an isolated
electron incident along the track direction,

m. im the forward directions, the reconstructed track momentum must be consistent with the
associated calorimeter energy deposition,



iv. a hit must be recorded in preshower counters located behind =~ 1.5 radiation length thick
converters that precede the calorimeters, and this hit must be aligned with the reconstructed
track and have a pulse height characteristic of an electron shower.

Details of the analysis criteria used for electron identification are noted in Refs. [3] and [4]. The
efficiency, #, of identifying high-p electrons in the region of the central calorimeter is measured from
the data themselves to be n = 0.71 # 0.07. In the forward regions, the efficiency is estimated to be
7 = 0.79 + 0.03.

For each event the neutrino transverse momentum, -PTTV , is defined to be equal to the missing
transverse momentum, p™™53%, which is obtained from the expression

primiss = — “‘e_zi,?rcl—l';rsp &)

where the sum extends over__all observed clusters (excluding the electron itself) of transverse energy
ETd > 3 GeV. The vector pT*P is the total transverse momentum carried by the system of all other
particles not associated with clusters exceeding 3 GeV transverse energy. From measurements of pT®
and pT”, the transverse mass m® is evaluated to be

mT¥ = /12 p1° p7’ (1 - cosd¢)] 4
where A¢ is the angle between I-;Te and f).T".

A total of 5340 events contain at least one electron candidate satisfying pr® > 11 GeVic.
Figure 1 shows the pT distribution of the electron candidates in the (pT® p1”) plane, and separately
for the p® and pp” projections. If more than one electron candidate is selected, that of largest p is
retained. In Fig. | the W —+ ev signal is clearly visible as a clustering of events with pp® =~ pp”. Also
included in the sample are Z -+ e*e~ events, with large p1® and small py”. The region of low pT*© is
dominated by hadronic background and for this reason we restrict the W sample to electron candidates
of p1® > 20 GeV/c. The resulting m® distribution is shown in Fig. 2a. Backgtound contributions
from misidentified hadrons or hadronic jets, from W —+ v decays, and from Z - e*e~ decays for
which one electron escapes the detector acceptance, are superimposed on this figure. Of all the W - ev
decays within the acceptance of the apparatus, 80% are expected to satisfy the kinematic requirements
pT® > 20 GeV/c and mT® > S0 GeV. Therefore these selections have been applied to the final
W —+ ev sample of 251 events used in the studies of Section 3. The p® distribution of this sample is
shown in Fig. 2b, again with superimposed background estimates.

In the distributions of Fig. 1 and Fig. 2b, we note the existence of one event containing an
electron candidate of pp® = 77.4 GeV/c. The event has no associated jet activity, and a neutrino with
pT” = 80 GeV/c is reconstructed as in Eqn. (3), opposite in azimuth to the electron. The transverse
mass is evaluated using Eqn. (4) to be mT® = 156 GeV. Background contributions to this event from
two-jet events in which one jet fakes the electron and the second jet is outside the detector acceptance,
or from a beam halo particle hitting the calorimeter in coincidence with a genuine Pp collision, are
negligible. However, events of large mT® are expected via the processes ud - e*ve or ud + €77,
mediated by W exchange in the s-channel, and we estimate that 0.07 such events should be observed
with pp® > 70 GeV/jc in the W sample. This estimate is insensitive, to within ~+10%, to the
structure function parameterisation used. This event has been excluded from the W event sample for
the measurements described in Section 3.



2.3 Identification of Z - e* e~ decays

The Z trigger requires the simultaneous presence of two depositions of electromagnetic transverse
encrgy, each exceeding =5 GeV, in 2 x 2 - cell matrices separated in azimuth by at least 60°. As for
the W trigger, a minimum bias signal is required in coincidence. In the following analysis, clusters are
formed as for the W search, and a selection Ep > 10 GeV on the cluster transverse energy is made. If
the selection criteria used for the W- analysis are used on both clusters of the Z - e*e™ candidate, the
detection efficiency is low (= 50%). However, because of the increased rejection resulting from the
requirement of two clusters of energy with lateral and longitudinal profiles consistent with those of
isolated electrons, Jess stringent selection criteria can be applied while maintaining good Z identification
efficiency and good rejection of hadronic background. Using the W sample, we estimate that the
efficiency in the central region for the identification of isolated electrons, from the selections noted
below, is 14% higher than the efficiency of electron identification quoted in Section 2.2.

In the central region, initial selection is made on the lateral and longitudinal shower profile of
cach cluster, as in item (i) of Section 2.2. To improve the electron efficiency, the limit on energy
leakage into the hadronic compartments of the calorimeter is increased by a factor 1.5. Additional
rejection against hadronic background is obtainable from the requirement that the energy deposition
due to each electron candidate is well isolated from other calorimetric energy in the event. We require
less than 7 GeV within a cone of 30° about the electron candidate. In the forward regions, the electron
identification criteria are as described in section 2.2 [3,4]. The resulting distribution of mass, me,, is
shown in Fig. 3a, and the Z peak is clearly visible; the sample includes 54 events satisfying m,. > 76
GeV, with an estimated background of 14 events. The final sample is obtained by requiring that at
least one electron candidate satisfies the criteria (ii) and (iii) of Section 2.2, except that (again to
improve the electron efficiency) the requirement of spatial matching between the track and preshower
signal 1s relaxed from d = 10 mm to d = 14 mm and the charge Q of the preshower signal is required
to satisfy Q > 2 mip (minimum ionising equivalents). A total of 39 events satisfy m_. > 76 GeV and
are attributed to the Z, with an estimated background of 1.3 events.The distribution of m,. for the
final sample is shown in Fig. 3b.

The process of internal bremsstrahlung can produce events of the type Z - e*e”y; one such
event is included in the final event sample [2-4,12]). This event consists of a 24 GeV photon separated
in space by 31° from an electron of 11 GeV. The probability of seeing at least one (eey) event having
an (eey) configuration less likely than that observed in the sample of 39 Z decays is estimated to be
=~ 0.4.

Fig. la includes an event containing an isolated electron candidate of pp® = 90.1 GeV/c. The
electron is balanced by a hadronic jet of ET = 77 + 8 GeV. A careful examination of the jet topology
suggests the overlap of an electron having pp® =22 GeV/c with a hadronic jet having ET =52 GeV.
The electron pair mass is then estimated to be m,. ~91 GeV. The natural interpretation of this event
is therefore the production of a Z having transverse momentum pTZ ~70 GeV/c, with an associated
jet that overlaps one of the electrons from Z - e*e™ decay. This event does not pass the calorimetric
selections of the Z analysis, and is excluded from the Z sample.

3. PHYSICS RESULTS RELATED TO THE STANDARD MODEL

Using the data samples described in the previous section, we now discuss properties of the data
relevant to tests of the Standard Model.



3.1 The W and Z masses and widths. Limits on the number of neutrino types.

An estimate of the W mass, myy, is obtained from a comparison of the m7® distribution of
Fig. 2a in the range mT® > 50 GeV, with that expected from W decay. Results of the best-fit
comparison are superimposed in Fig. 2. A Monte Carlo program is used, which generates the
dN/dmT® distribution for different values of myy. The distribution of mT® depends only weakly on
the W production mechanism. Nevertheless, the Monte Carlo program takes into account our
understanding of W production and decay, and a full simulation of the detector response to W - ev
events.

The W longitudinal momentum distribution is obtained from the quark (antiquark) structure
functions of the proton (antiproton) as parameterised in Ref. [13]. The W transverse momentum,
pTw. is generated from the distribution of Ref. [14], which agrees well with the data [6]. The decay is
described by standard (V-A) coupling with decay parameters given by the Standard Model.

The best fit to the experimental distribution is
myy = 80,2 + 0.6(stat) £ 0.5(sys,) + 1.3(sys,} GeV, (5

and if the W width, I'yy, is fitted as an additional free parameter, Tyw < 7 GeV (90% confidence
level}). The statistical uncertainty in (5) takes into account the resolution of the energy measurement,
and also cell-to-cell uncertainties of the energy calibration. Systematic uncertainties of the mass
measurement have two major contributions, which are quoted separately. The uncertainty (sys,) of
Eqn. (5) is mainly due to possible systematic biases in the evaluation of p1¥, and consequently m%.
The second systematic uncertainty (sys;) reflects the measurement uncertainty on the global energy
scale of the calorimeter calibration. The influence on the mass fit of the (dominantly low-pr)
background contribution in Fig. 2a is small.

The W mass can alternatively be estimated from a fit to the observed p® distribution of Fig. 2b.
In this case, the evaluation is less sensitive to the p” evaluation, but is more _sensitive to the detailed
shape of the pTW distribution. Selecting a sub-sample of events for which pTW < 15 GeV/c, the myy
measurement is consistent with the result of {5).

Using a relativistic Breit-Wigner shape modified by the mass resolution, the Z mass is evaluated
from a fit to the mass values of a sub-sample of 25 events for which both electron energies are
accurately measured and for which mg, > 76 GeV. The result is

my = 91.5 + 1.2(stat) £ 1.7(syst) GeV, (6)

where the systematic uncertainty results mainly from the calorimeter energy scale uncertainty of the
central and forward calorimeters. From (5) and (6), we measure

myz—my = 11.3 # 1.3(stat) £ 0.5(sys,) + 0.8(sys;) GeV, 0

where (sys,) again results from systematic uncertainties of the P” evaluation in (5), and (sys,) reflects
the differing global energy scale uncertainties of the forward and central calorimeters.

A direct measurement of the width, Tz, of the Z is difficult since a precise knowledge of the shape
of the mass resolution is required. The average measurement error is estimated to be 3.1 GeV, which is
of the same order as the expected Z width. Following [4], we obtain

Iz = 2.7 + 2.0(stat) £ 1.0(syst) GeV

< 5.6 GeV (90% confidence level),



where the quoted systematic error reflects the uncertainty of the average measurement error. These
measurements are in good agreement with previously published results [4], and with measurements
from the UA1 Collaboration [15].

As described in Ref. [4], we can obtain an independent but model-dependent [16] estimate of the
ratio of total widths, I'z/T'yy, from

Iy/Ty = REXP Rth  Rlept,

where REXP = ¢y* /0% is the experimentally determined cross-section ratio from this experiment,
where Rt is the ratio og/ow obtained theoretically, and Rlept = T7%/Tyw*™ is the ratio of leptonic
partial widths as evaluated from the Standard Model. We measure [6]

+1.7
REXP = 7.2 ", (stat),

< 9.52 (90% confidence level),
< 10.42 (95% confidence level). (8)

Both Rth and Rlept depend on sin®8vyy, explicitly through the neutral current couplings and implicitly
via the W and Z masses. However the product RBRIEPt is constant to within 1% over the range
sin?0yy = 0.232 £ 0.009 (sec Eqn. 14). A more important uncertainty results from the use of different
sets of structure functions in the theoretical calculation of R [14,17]. Recent estimates [18] give
values of R ranging between 0.285 and 0.325. Using RS®P as in(8), and the value
Rh = 0,305 + 0.020, we evaluate

+0,19
-0,14

< 1.09 + 0.07 (theor) (90% confidence level),

Ty/Ty = 0.82 (stat) + 0.06 (theor),

< 1.19 + 0.08 (theor) (95% confidence level), )]
where the theoretical error reflects the uncertainty on Rth a5 quoted above.

The ratio of total widths is sensitive to both the number of neutrino types and the mass of the
top quark, my [19]. Assuming that the charged members of any new family and also any other
unknown particle are too massive to contribute significantly to W or to Z decays, we obtain the results
summarized in Fig. 4, which shows the expected variation of T7z/Ty with m, if the number of light
neutrino types is respectively 3,4 or 7. The error bars at the end of each of these lines shows the effect
of varying sin’fyy in the range 0.232 + 0.009. Also shown in Fig. 4 are the experimental evaluations of
Fﬁl‘w as given in (9). From the 95% confidence limit using the conservative upper estimate of
R = 0.325, the data exclude more than seven neutrino types when no requirement is made on my.
This Iimit decreases to three neutrino types in the case my > 74 GeV.

3.2 Measurement of the Standard Model parameters
The masses of the weak bosons, myy and my, are two essential parameters of the Standard
Model. In its minimal expression, it relates them to the fine structure constant «, the Fermi constant
Gy and the weak mixing angle vy via the following relations [21}:
my? = AZ[(1 — Ar)sin?6y] (10)

mz? = A%/[(1 — Ansin2fycos’Oyw] (1



where [22] :
A = (wa/,/2GE)}/? = 37.2810 + 0.0003 GeV.

In relations (10) and (11), the quantity Ar accounts for the effects of one-loop radiative corrections on
the W and Z masses and has been computed to be [21,23-24] :

Ar = 0.0711 £ 0.0013 : (12)

assuming that my = 35 GeV and that the mass of the Higgs boson is mpyy = 100 GeV. This quantity
is insensitive to myy but would deviate from (12) if the top quark were very massive (Ar = 0 for
my ~ 270 GeV with sin®8yy = 0.232) [24-26).

From a measurement of the ratio myy/my, which is free from the common systemnatic
uncertainty of calorimeter energy calibration on the W and Z mass scale, a direct measurement of
sin®vy is provided via the relation '

sin®fyy = 1—(my/mz)>. (13)
From Eqn. (13), we evaluate
sin?fyy = 0.232 & 0.025(stat) + 0.010(syst)

where the quoted uncertainty includes the contribution of a + 0.5 GeV systematic error on the value
of myy which is not related to the energy calibration of the calorimeter (see Eqn. 5). This result is
independent of other experiments, and of theoretical uncertainties.

By using accurate existing measurements of A [22], and the value of Ar in (12), a more precise
measurement of sinfyy is obtainable from a best fit to Eqns. (10) and (11). We obtair:

sin?fy = 0.232 + 0.003(stat) + 0.008(syst). (14)

These results are in excellent agreement with previously published UA2 and UAI1 results [4,15] and
with those obtained in low energy neutrino experiments [27-30], which average to :

sin’6y = 0.232 + 0.004(exp) + 0.003(theor), (15)

where the weighted mean is evaluated on the basis of quoted experimental errors, assuming a charmed
quark mass m, = 1.5 GeV, and ignoring the uncertainty on the theoretical error due to m.

The results are summarized in Fig. 5 where correlations between uncertainties of the myy and my
measurements are shown in the [mz, (mz —my)] plane.

Any departure from the minimal Standard Model will induce modifications to the above
formalism. In particular values of sin®8yy deduced from Eqn. (10), from Eqn. (13), or from low energy
neutrino experiments, will generally differ. All existing measurements are in excellent agreement with
the predictions of the minimal Standard Model; nevertheless, they can be used to place limits on
possible deviations from the minimal Standard Model. In particular the quantity [31]

myy?
pP=___ (16)
mz*cos?iy



is sensitive to the Higgs sector (more precisely it depends on the isospin structure of the Higgs fields,
but only weakly on their masses). Assuming the value of Ar in (12), we measure from (16)

p = 1.001 + 0.028(stat) + 0.006(syst),
in good agreement with the minimal Standard Model prediction of p = 1.

The relations (10) and (11) may also be used to measure the radiative correction parameter Ar,
which may deviate [24-26] from its calculated value in (12) if, for example, a new fermion family
existed with a large mass splitting within isospin doublets, or if there existed additional gauge bosons,
or if as noted above the top quark were very massive. Eliminating sin®8yy from Eqns. (10) and (11) we
obtain

1 — Ar = (A¥/mw?)/(1 — [myy?/mz?]),
from which we deduce
Ar = 0.068 + 0.087(stat) + 0.030(syst), an

in agreement with the minimal Standard Model prediction of (12). The value of sinzﬂw in (15), from
low energy cxperiments, can be used in equations (10) and (11) to provide a more accurate
measurement of Ar. We measure

Ar = 0.068 + 0.022(stat) + 0.032(syst). (18)

We therefore conclude that the existing data are consistent with, but barely sensitive to, the existence
of radiative corrections from known processes (see Fig. 5).

3.3 Charge asymmetry of the decay W — ev

The magnetic spectrometers of the UA2 detector allow a measurement of the electric charge in
the forward regions (20° < 8 < 37.5° and 142.5° < 8 < 160°) where a distinctive charge asymmetry is
expected in W -~ ev decay [4]. Assuming a universal (V-xA) coupling of the W to fermions, the
clectron (positron) angular distribution takes the form

dn/d(cosf™) = (1 — qeos8™)* + 2qacosd” (19)

where the angle 8" is measured with respect to the incident proton in the W rest frame, where q is the
sign of the electron or positron charge, and

a = [(1 — x3)/(1 + )2 (20

The sensitivity of the asymmetry measurement to the exact form of the angular distribution is
largest for values of cosd” close to +1, corresponding to small values of p®. Therefore, we relax the
mT® cut of Section 2.2 and consider all electron candidates with pp® > 20 GeV/c and
mT® > 40 GeV that are detected in the forward regions. This leaves a total of 47 events with an
estimated background of 4.2 + 0.3 events from misidentified hadrons. The W - 7 and Z decay
contaminations of this sample are estimated to be respectively 0.6 events and 1.2 events.

A unique value of cosf” is not calculable for W decays because the longitudinal neutrino
momentum, py”, is not measured. The requirement me, = myy results in two solutions for py¥. For
events in which both solutions are allowed, the solution corresponding to the smaller absolute value of



the W longitudinal momentum is chosen. Seven events, which because of the limited measurement
accuracy satisfy mm® > myy, are excluded from the analysis. Furthermore, transformations of the
electron four-momentum to the W rest frame are unique only if PT = 0, and the quarks have no
transverse momentum. For PT # 0 the initial parton directions are not known and the convention
of Ref. [32] 1s used.

A Monte Carlo program is used to correct the cos8”™ distribution for the cﬁ'ects of the detector
acceptance and resolution. The background-subtracted and acceptance- corrected cos8™ distribution is
shown in Fig 6 and is consistent with the expected form (1 — qcosé "2 of Eqn. (19) with a=0,
modified to take into account higher-order QCD contributions to W production [11].

To extract a value of a from these data we use a Monte Carlo program to compare the expected
two dimensional distributions f*(p7®,6.), for positrons and electrons separately, with those observed.
Following the analysis of [4], we measure a to be consistent with zero, as expected for V-A coupling.
We determine o < 0.35 (90% confidence level), corresponding in Eqn. (20) to 0.51 < [x{ < 1L.97.

4. CONCLUSIONS

We have described measurements of the Standard Model parameters, using the final UA2 data
samples for the processes

p + p-~ W + anything
-+ e¥ + y, (7,) + anything, and

The measured boson masses are
my = 80.2 £ 0.6(stat) + 0.5(sys;) + 1.3(sys,;) GeV,

where (sys,) is a systematic uncertainty which results mainly from possible systematic biases in the
evaluation of pT”, and (sys,) is from the energy scale uncertainty, and

myz = 91.5 + 1.2(stat) £ 1.7(syst) GeV,
with the systematic uncertainty resulting in this case from the energy scale uncertainty. The values are,
within errors, consistent with previously published values [4] and with published data of the UAIL
experiment [15]. From the above measurements of myy and my we evaluate

sin?fyy = 0.232 + 0.025(stat) + 0.010(syst).

If in addition accurate low-energy measurements of a and Gg are used, together with recent
calculations of the radiative correction Ar, we obtain

sin?0yy = 0.232 + 0.003(stat) + 0.008(syst).

There is no evidence of deviations from the predictions of the minimal Standard Model. If
deviations are expressed in terms of the parameter p (=1 in the minimal Standard Model}, we obtain

= 1.001 + 0.028(stat) + 0.006(syst).



Furthermore, the existing data are consistent with (but barely sensitive to) the expected contributions
to the Standard Model parameters from known radiative corrections, even if recent low-energy
neutrino measurements are taken into account.

From measurements of the ratio of the boson widths, I'z/Tyy, we describe model-dependent
limits on the number of neutrino types allowed by the existing data. Within 95% confidence limits, the
data allow up to seven neutrino types if no restriction is placed on the top mass my. A limit of three
neutnno types is obtained for the case m; > 74 GeV.
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FIGURE CAPTIONS

. The distribution (a) in the (pT°%pT") plane of 5340 events containing at least one electron
candidate of pTe > 11 GeV/c. If more than one electron candidate is identified, that of
highest pr is selected. The superimposed line represents pT = pT% In (b), the py®
projection is plotted and in (¢) the pp” projection is shown for all events, and for 722 events
satisfying pT°® > 20 GeV/c (shaded).

- Transverse mass and transverse momentum spectra for the final event sample. The expectation .
for W decay is evaluated using myy = 80.2 GeV.

a. The m7® spectrum of 722 events satisfying pT® > 20 GeV/c. The expected signal
from W = ev decay is superimposed (--). Also shown (-.-.-.-) is the summed
contribution from W -+ rv decays ( 5.2 + 0.5 events) and from Z decays with one
electron outside the UA2 acceptance (9.6 + 1.6 events). The solid line shows the
total of all expected contributions to the mT spectrum, including the hadronic
background contribution ( 11.6 + 2.1 events for mT > 50 GeV).

b. The distribution of pT® for 251 events satisfying mt® > 50 GeV. The
superimposed background contributions are as for (a).

. The distribution of m, in events for which at least two electron candidates are identified. In
(a), only calorimetric selections are applied, while in (b) at least one electron candidate is
required to satisfy track criteria as explained in the text. The contribution of QCD background
processes is superimposed (----). The hatched region shows the nge distribution of the sample
of 25 events used in the evaluation of the Z° mass.

. The value of T'z/T'yw measured by the UA2 experiment ( ), with superimposed
statistical and theoretical uncertainties (full and dashed lines respectively). The 95% confidence
limit is also shown (------ ), with superimposed theoretical uncertainties. The expected variation
with my is shown as a solid line for 3,4 and 7 types of light neutrino. The superimposed error
bars represent uncertainties of the theoretical evaluation (see text). The shaded region marks
the lower limit on my (m¢ > 23 GeV) as measured at PETRA [20].

- Confidence contours (68% level) in the (mz—myy,my) plane taking into account the
statistical error only (i), and with statistical and systematic errors combined in quadrature (ii).
The region (a) is allowed by the average of recent low-energy measurements [27-30]. Curve (b)
is the Standard Model prediction for p = 1 with known radiative corrections, and curve (c) is
the expectation without radiative corrections.

. The distribution dN/d(gcosf"} of well measured W decays for which the charge (9@ = —1 for
electrons) is determined, and where 8™ is the angle between the charged lepton and the incident
proton in the W rest frame. The data are corrected for acceptance, resolution and background,
and the superimposed expectation for W decay takes account of higher order QCD effects.
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