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From a search for electron pairs produced in ~p collisions at x/7 = 550 GeV we report the observation of eight events which 
we interpret as resulting from the process ~ + p ~ Z 0 + anything, followed by the decay Z 0 ~ e + + e- or Z ° -~ e + + e- + T, 
where Z 0 is the neutral Intermediate Vector Boson postulated by the unified electroweak theory. We use four of these 
events to measure the Z ° mass 

M z = 91.9 + 1.3 +- 1.4 (systematic) GeV/c z. 

1. I n t r o d u c t i o n .  The primary goal o f  the experi- 

mental  program at the CERN Fp Collider has been to 

search for the massive Intermediate  Vector  Bosons 

(IVB), which are postulated to mediate  the electro- 
weak interact ion [ 1 ]. 
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The recent observat ion of  single isolated electrons 

with high transverse m o m e n t u m  in events with missing 

transverse energy [2,31 is consistent  with the process 
+ p ~ W e + anything,  fol lowed by lhe decay W'  --+ 

e + + u(u-), where W is the charged IVB. 
We report here the observat ion in tire UA2 detector  

o f  eight events which we interpret in terms of  the 

reaction 

+ p ~ Z 0 + anything 

~ + e + + e  o r e + + e  + 'y ,  ( I )  
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where Z 0 is the neutral IVB. The observation of  these 
events, which have been found in a data sample corre- 
sponding to a total integrated luminosity of  131 nb 1, 
agrees with the SU(2) X U(I)  model  and with the 
recent results of the UA1 experiment [4]. 

2. The detector. The experimental apparatus [5] 
is shown in fig. I. At the centre of  the apparatus a 
system of  cylindrical chambers (the vertex detector) 
measures charged particle trajectories in a region with- 
out magnetic field. The vertex detector consists of: 
(a) four multi-wire proport ional  chambers having cath- 
ode strips with pulse height read-out at -+45 ° to the 
wires; (b) two drift chambers with measurement of  
the charge division on a total of  12 wires per track. 
These chambers are used both to obtain tracking in- 
formation and to evaluate the most likely ionisation 
I (in units of  equivalent minimum ionising particles, 
mip) associated with each track. From the recon- 
structed charged particle tracks the position of  the 
event vertex is deternlined with a precision of  +-1 mm 
in all directions. 

The vertex detector  is surrounded by an electro- 
magnetic and hadronic calorimeter [6] (the central 

calorimeter), which covers the polar angle interval 
40 ° < 0 < 140 ° and the full azimuth. This calorimeter 
is segmented into 240 cells, each covering 15 ° in q~ and 
10 ° in 0 and built in a tower structure pointing to the 
centre of  the interaction region. The cells are seg- 
mented longitudinally into a l 7 radiation lengths thick 
electromagnetic compartment  (lead-scintillator) fol- 
lowed by two hadronic compartments  (iron-scintillator) 
of  ~ 2 absorption lengths each. The light from each 
compartment  is channelled to two photomultipliers 
(PMs) by means of  BBQ-doped light guides on oppo- 
site sides of  the cell. 

In the angular region covered by the central calo- 
rimeter a cylindrical tungsten converter, 1.5 radiation 
lengths thick, followed by a cylindrical proport ional  
chamber, is located just after the vertex detector. This 
chamber, named C5 (see fig. 1), has cathode strips at 
-+45 ° to the wires. We measure the pulse height on the 
cathode strips and the charge division on the wires. 
This device localises electromagnetic showers initiated 
in the tungsten with a precision of  3 ram. 

For the first 15 nb 1 of integrated luminosity, col- 
lected during the Autunm of 1982, the azinmthal cov- 
erage of  the central calorimeter was only 300 ° . The 

r0.GS,EI E0.VERTER i 
A.O CHAMBER CS y r VERTEX 0 TCCTOR 

~~~ I TOROID COiiS CO~VERI R 
FORWARD CALORIMEIER ~ ~ MTPC 

DRIFT CHAMBERS' /~_//~ ~'~l, 
- I m FORWARD CALORIMEIER 

Fig. 1. Schelnatic detector assembly (cut in a plane containing the beam line). 
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remaining interval (+30 ° around the horizontal plane) 
was covered by a magnetic spectrometer which in- 
cluded a lead-glass wall, to measure charged and neu- 
tral particle production [7,8]. 

The two forward regions (20 ° < 0 < 37.5 ° and 
142.5 ° < 0 "< 160°), are each equipped with twelve 
toroidal magnet sectors with an average field integral 
of  0.38 Tin. Each sector is instrumented with: 

(a) Three drift chambers [9] located after the mag- 
netic field region. Each chamber consists of  three 
planes, with wires at - 7  °, 0 °, +7 °, with respect to the 
magnetic field direction. 

(b) A 1.4 radiation lengths thick l ead- i ron  con- 
verter, followed by a chamber [10] consisting of  two 
pairs of  layers of  20 diameter proportional tubes 
(MTPC), staggered by a tube radius and equipped 
with pulse height measurement. There is a 77 ° angle 
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 with a precision of  <~ 8 mm. 

(c) An electromagnetic calorimeter consisting of  
lead-scintillator counters assembled in ten independent 
cells, each covering 15 ° in q~ and 3.5 ° in 0. Each cell 
is subdivided into two independent longitudinal sec- 
tions, 24 and 6 radiation lengths thick, the latter pro- 
viding rejection against hadrons. The light from each 
section is collected by two BBQ-doped light guides 
on opposite sides of  the cell. 

in order to implement a trigger sensitive to elec- 
trons of  high transverse momentum, the PM gains in 
all calorimeters were adjusted so that their signals 
were proport ional  to the transverse energy. Because 
of  the cell dimensions, electromagnetic showers ini- 
tiated 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 calo- 
rimeter, all possible 2 X 2 matrices were considered; 
in the two forward ones, we included only those made 
up of  cells belonging to the same sector. A trigger sig- 
nal was generated whenever the transverse energy de- 
position in at least two such matrices, separated in 
azimuth by more than 60 °, exceeded a threshold cor- 
responding to a transverse energy deposition of  3.5 
GeV. 

All calorimeters have been calibrated in a 10 GeV 
beam from the CERN PS, using incident electrons and 

muons. The stability of  the calibration has since been 
monitored using a light flasher system, a Co 60 source 
and a measurement of  the average energy flow into 
each module for unbiased f p  collisions [6]. The sys- 
tematic uncertainty in the energy calibration of  the 
electromagnetic calorimeters for the data discussed 
here amounts to an average value of  +1.5%. The cell- 
to-cell calibration uncertainty has a distribution with 
an rms of  3%. 

The response of  the calorimeters to electrons, and 
to single and multi-hadrons, has been measured at the 
CERN PS and SPS using beams from I to 70 GeV/c. 
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 OE/E 
= O. 14/X/ff(E in GeV). 

3. Data analysis. The full data sample consists of  
approximately 7 × 105 triggers, which correspond to 
an integrated luminosity L = 131 nb -1. 

An initial selection is made by rejecting all events which 
are identified as due to sources other than ~p collisions 
(<10% of  the entire sample, mainly beam gas back- 
ground and cosmic rays), in the surviving events, a 
search is made for configurations consistent with the 
presence o f  electrons among the collision products.  
An electron is identified from the observation of: 

(a) A track measured in the wire chambers. 
(b) A large signal detected in the preshower coun- 

ters (C5 in tile central detector  or the MTPCs in the 
two forward regions). 

(c) An energy deposition in the calorimeters with 
small lateral sizes and limited penetration into the ha- 
dronic compartments.  

And from the quality o f  the matching in space 
among these three properties. 

Since the primary goal of  this analysis is the detec- 
tion of  process (1), we first reduce the data sample by 
requiring the total electromagnetic transverse energy 
to exceed 30 GeV and the presence of  a pair of  energy 
clusters having an invariant mass in excess of  50 GeV/c 2 
as calculated in the following way. 

In the central calorimeter clusters are obtained by 
joining all electromagnetic cells which share a com- 
mon side and contain at least 0.5 GeV. A contribution 
from the cells having at least one side in common with 
a cluster cell is also added. 
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The forward calorimeter  clusters consist of  at most 
two adjacent cells having the same azimuth (here the 
cell is far from the interact ion point  and much larger 
than the lateral extension of an electromagnetic shower, 
and the dead region between cells at different azimuths 
is too large to allow clustering across it). 

In both  cases the cluster energy Ecl is defined as 

ffcl = Eem + Ehad where Eem is the sum of  tile ener- 
gies deposited in the electromagnetic compar tments  
of  the cluster cells and Eha d is the corresponding sum 
for the hadronic compar tments .  

The invariant mass is calculated under  the assump- 
t ion tha! tile event vertex is at the centre of the ap- 
paratus. We use the cluster centroids to define the 
momenta .  

The remaining data sample conta ins  7427 events. 
These events are then fully reconstructed and their 

invariant mas sM is calculated again, this time taking 
into account  the exact posit ion of the event vertex. 
The difference between this new value and the pre- 
vious one does not  exceed 2 GeV/c 2. 

At this stage the event sample is domina ted  by two- 
jet events [ 11]. However, while Ecl measures correctly 
the energy of jets produced in tlle central region, it is 
in general a gross underest imate  of that of  forward 
jets, for which the calorimeter thickness is only 88% 
of  an absorpt ion length. As a consequence,  the sample 
contains  many more events having both clusters in 
tire centra] calorinreter than events with at least one 
cluster in tire forward regions, because the jet momen-  
tum dis t r ibut ion falls off steeply with increasing jet 
transverse m o m e n t u m  [ 1 1 ]. 

In order to select events with sinrilar characteris- 
tics in the central  and forward regions and to enhance 
the electron signal, we further reduce the sample by 
requiring that both clusters have a small lateral size in 
the electronragnetic compar tmen t  of the calorimeter 
and a limited energy leakage in the hadronic conrpart- 
ment .  

For clusters in the central calorinreter, cluster sizes 
R o, R¢~ are calculated from the cluster centroid  and 
the values of the angles 0 and ~b at ttre cell centres, 
weighted by their energy depositions.  The condi t ions  
R o, R 0 < 0.5 cell sizes are required. 

In the two forward calorimeters we require that tire 
sum of tire energies deposited in the cells adjacent to 
tile cluster cells does not  exceed 3 GeV. 

Tile condi t ion  that tire showers have only a snrall 

energy leakage in the hadronic compar tments  of  the 
calorimeters is applied by requiring that the ratio H = 
Ehad/Ecl does no t  exceed a value H0, equal to 0.02 
for the forward calorimeters, and 0.023 + 0.034 

X In Ecl, where Ecl is in GeV, for the central one. 
The cuts applied at this stage are very loose and 

are satisfied by more than 95% of  isolated electrons 
between 10 and 80 GeV, as verified exper imental ly  
using test beam data. They reduce the event sample to 
24 events, whose invariant mass dis t r ibut ion is shown 
in fig. 2a. There are 12 events with both clusters in 
the central region, 8 events with one cluster in the 
central and the other  in the forward regions, and 4 
events with both  clusters in the forward regions. 

The sample with both clusters in the central region 
has been reduced by a factor ~ 4 3 0  by the cuts on 
cluster size and hadronic leakage. 

In the following step we define a series of  addi- 
tional criteria for electron identif icat ion.  We use mea- 
surements  of  the response of  various parts o f  the de- 
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Fig. 2. Invariant mass distributions (a) of the 24 pairs which 
pass cut 1 of table 1, (b) of the eight of these 24 pairs for 
which all cuts of table 1 are satisfied by at least one electron. 
The three events in which both electrons pass all cuts of ta- 
ble l are cross-hatched. 
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Table 1 
Electron identification criteria. 

PHYSICS LETTERS 15 September 1983 

CENTRAL REGION FORWARD REGIONS 
REQUIREMENTS 

Description B(%) Description q(%) 

I. Presence of a 
calorimeter 
cluster 
(preselection) 

2. Presence of 
a track 

3. Track/cluster 
match 

4. Presence of a 
preshower 
counter signal 

5. Track/preshower 
position match 

6. Momentum 
measurement 

Electromagnetic cluster size RS, ~ < 0.5 
Hadronic leakage : H< .023+ .034 in Ecl 

Cluster size ~ 2 cells 
98 Energy in adjacent cells Ead j < 3 GeV 98 

Hadronic leakage H < 0.02 

Reconstructed in the vertex detector 
in both transverse and longitudinal 
projections 

85 

Track impact to cluster centroid distance 
A< i cell size. Compare the energy distri- 
bution observed in the 3 x 3 cells centered 
on the impact cell to that expected for an 
electron incident along the track. Light 
sharing between phototubes of impact cell 95 
and hadronic leakage are taken into ac- 
count. Require that the probability P that 
the energy distribution for an electron is 
farther from the mean than that observed 
is lar~er than 0.01 

Measured in C5 as a coincidence in space 
of charge clusters measured on the anode 
wires and the inner and outer cathode 
strips. Its charge qs must exceed 4 mip. 

Within d 4 7 rmn measured on the C5 
94 

surface 

Reconstructed a) in the vertex detector 
in transverse projection with N > I 92 
signal in the two inner chambers b) in 
the forward drift chambers. Azimuth dif- 
ference between a) and b) A@(a,b) less 
than 40 mrad 

Shower position calculated from light 
sharing between impact cell phototubes 98 
must be consistent with the track 
impact point to within Ax 4 70 mm 

Measured in MTPC in both coordinate 
a) planes. Its charge Q(MTPC) must exceed 

>90 6 mip 

95 

Within Ax, Ay < 50 mm in each direction I00 

Momentum p measured in spectrometer and 
energy E measured in calorimeter must 
satisfy Ip-l-E-ll / o (p-l-E-l) < 3 

99 

a) This does not include a 5% inefficiency due to a A~ = 18 ° azimuthal region in which C5 was not operational 
because of electrical breakdown. 

tector to isolated electrons [6,9,10] from which we 
evaluate approximate cut efficiencies r/. The cuts are 
described in table 1 for both the central and forward 
regions. The efficiencies resulting from the simulta- 
neous application of all selection criteria are at least 
as large as the products of the individual efficiencies r/, 
namely 67% for the central region and 83% for the 
forward regions. 

We have studied the effect of applying these crite- 
ria to our original event sample. We find that the re- 
jection power of any one of these cuts enters as the 
square when applied to both clusters simultaneously. 
Furthermore the shape of the mass distribution shows 
no dependence, within statistics, on the combination 
of cuts used. These two observations provide a simple 
method to estimate the background contribution from 
two-jet events to any mass region in a sample of events 
surviving a given combination of cuts. 

Fig. 2b shows the mass distribution for the events 
of fig. 2a with at least one cluster satisfying all of the 
electron identification criteria. There are eight events 
in this plot which cluster around a mass value of ~ 9 0  
GeV/c 2. A list of relevant parameters for these events 
(named A - H )  is given in tables 2 - 4. For clusters pass- 
ing cut 3 of table 1 the cluster energy has been cor- 
rected to account for the calorimeter response as a 
function of the electron incidence angle and impact 
point. The corrected energy value, together with tile 
measured track direction, has been used to calculate 
the invariant mass plotted in figs. 2a and 2b. 

An upper limit on the background contribution to 
the eight events in fig. 2b can be inferred from fig. 2a 
under lhe assumption that background events have the 
same mass distribution in both samples. By comparing 
the event populations above and below 80 GeV/e 2 we 
find an upper limit (90% CL) of 0.32 background 
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Table 2 
Event parameters. 

PttYSICS LETTERS 

Event A B C D E F G H 

Pair Configuration CF CC CF CF CF CC CC CC 
C =central F= forward 

Pair Mass (GeV/c 2) 90.7 95.2 89.7 89.1 94.0 89.3 83.2 a) 88.3 3) 
±2.1 ±3.4 ±2.8 ±3.2 ±2.9 ±4.9 ±2.6 ±2.6 

Pair Transverse 
Momentum (GeV/c) 5.0 11.9 1.4 2.4 4.6 5.0 7.9 6.2 

a)  Ignoring additional energy measured in neighbour cells. 

Its inclusion results in a mass increase of ~ 3 GeV/c 2. 

15 September 1983 

events to the signal in fig. 2b. f lowere t ,  this allows 

for up to 2.3 low mass events ( M <  80 GeV/c 2) in 

fig. 2b while in fact we observe none and may 

result in a substantial overest imate  of  the background.  

A bet ter  est imate implies a more realistic evalua- 

tion o f  tile expected  number  of  low mass background 

events in fig. 2b. This can be done starting from a much 

richer event sample by simply releasing cut  I (hadronic  

leakage and cluster size) on one of  the two clusters 

and evaluating tile relection power o f  cuts 2 6 ( ap -  
plied to reduce the sample of  fig. 2a to that of  fig. 2b) 

on the o ther  cluster. We have checked that tile absence 

o f  significant correlat ion between tile f ragmentat ions  

o f  the two jets in background events makes this proce- 

dure legitimate.  Also we have taken advantage of  the 

fact that all events in fig. 2b have at least one central  

cluster to restrict tile opera t ion  o f  releasing cut 1 to 

central  clusters exclusively. In this way we est imate a 

background cont r ibut ion  of  0.03 events to the signal 

of fig. 2b. 

If we apply tile electron identif icat ion criteria to 

both clusters, only t h r e e e v e n t s ( A  C, shownascross -  

hatched areas in fig. 2b) survive, with an est imated 

background of  2 X 10 4 events above a mass of  80 

GeV/c  2. For two of  them (A and C) one o f  the elec- 

Irons is in the forward regions, the o ther  electrons are 

in the central region. Events A and B are interpreted 

as resulting from reaction ( 1 ). Event (" consists of  two 

electrons and a well separated high energy p h o h m  (or 

unresolved photons  such as from tile 77 decay of  a 
rr I) or r? meson).  The invariant mass value in table 2 

and in fig. 2b is calculated for the three particles. We 
have est imated t 1 that Z 0 -> e+e - T decays with a 

1 We Ihank R. Pe l ronz io  for ass is tance  in n laking  this  cal- 
cu la t ion  (to first o rde r  in c~). 

photon  at least as hard as tile observed one,  and with 

e + e  openiug angles equal to, or smaller than the 

measured one occur  approximate ly  once every 200 
Z O ~ e + e  decays. 

Fig. 3a shows tile longitudinal  view of  event A in 

the plane containing tire central  e lectron.  Figs. 3b 

and 4a show the cell energy distr ibut ion in 0 and 0 

for events A and C The transverse view of  event C, 

indicating the presence o f  tile addit ional  p h o t o n  at 

an angle o f  ~ 3 0  ° to the electron,  is shown in fig. 4b. 

We next discuss tile five o ther  events (D H), in 

which one o f  the two electron candidates fails at least 

one o f  the strict selection criteria described in table l. 

The forward electron candidate o f  event D is as- 

sociated with a track measured in the vertex de tec tor  

as point ing to a coil o f  the magnet at a place where its 

thickness is ~ 0 . 5  radiation lengths. Three tracks, 
measured in the forward drift cllambers,  point  to lhe 

energy cluster. One of  them passes cut 2 but  fails cut 

6. Several MTPC clusters satisfy cut  4, but cuts 3 and 

5 are never s imultaneously satisfied (table 3 ). This 

configurat ion is consistent  with the hypothesis  of  an 

electron iniliating an electromagnet ic  shower in tile 

magnet coil. Tile mass value listed in table 2 has been 

calculated under this hypothesis.  EVellt D belongs to 

the data sample col lected in 1982 and has been pre- 
viously publish.ed [12]. 

~[he central e lectron candidate o f  event  E passes 

all strict cuts but 4 and 5 (table 4). Its associated C5 

cluster has a charge o f  only 2.4 mip and is 9 -+ 2 mm 
away from the track impact.  Tile occurrence o f  such 

a conf igurat ion in the present sample is compat ib le  

with the cut efficiencies listed in table 1 and event E 
is consistent  with an electron pair hypothesis .  We note 

however  that lhe forward electron is accompanied by 
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Fig. 3. (a) Longitudinal  view of event A in the plane containing tile central electron. In each of the tour proport ional  chambers of 
the vertex detector  (PROP 1 - 4 )  and in the preshower chamber C5 located behind the tungsten converter, signals are indicated 
whenever a coincidence in space was observed between the anode wire and the inner and outer  cathode strips. The measurements 
from the two drift chambers (DRIFT 1 and 2) are indicated as crosses with sizes corresponding to the uncertainty on the charge 
division measurement.  Energies measured in the electromagnetic cells facing the electron track are indicated, when non zero. (b) 

The cell transverse energy distr ibution for event A in the (0, ~b) plane. 
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a) 10 GeV 
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Fig. 4. (a) The cell transverse energy distribution for event C in the (0, ~) plane. Electron el and the photon (q,) are observed in 
the central region, electron e2 in the forward region. (b) The transverse view of event C. Signals from the proportional and drift 
chambers are indicated as dots. Electron el and the photon (7) are observed in the central region and associated with C5 signals 
(indicated by heavy lines proportional to pulse height). Electron e2 is observed in the forward region (not covered by C5). 
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Table 3 
Electron parameters (forward regions). 

Cut (see Event A C D E 
Table I) 

6 (degrees) 142.2 150.3 155.8 148.3 
(degrees) 218.6 219.9 324.3 173.4 

E (GeV) 70.4 + 1.6 68.5 ± 1.6 99.2 i 6.0 58.1 -+ 1.7 
I (mip) 0.9 0.9 1.9 0.9 

i Eadj (GeV) 0 0 3.0 0 
H (%) 0.4 0.7 0.4 0.3 

2 A~(a,b) (mrad) 2 2 7 8 
N 2 2 2 2 

3 Ax (rmn) ii 29 81 a) 60 

4 Q (MTPC) (mip) > 64 14 19 > 42 

Ax (rmn) 1.4 5.0 40.5 1.0 
5 Ay (rmm) 1.8 4.7 8.8 2.1 

6 [P-I-E- I ~ 0.40 0.15 29.50 a) 0.09 
(7 (p- I-E -I ) 

a) This value fails the corresponding cut. 

another parlicle having a measured momentum of 2.3 
GeV/c and hitting the same calorimeter cell. The mass 
value listed in table 2 has been corrected accordingly. 
In minimum bias events the probability that a particle 
with a measured momentum >2.3 GeV/c hits a given 
calorimeter cell of the same 0 is only 0.2<X. 

- One of the central electron candidates of event 
F passes all strict cuts but cut 3. The measured ratio 
of the signals from the two light guides of the impact 
cell is 0.71 + 0.02 instead of 0.88 -+ 0.02 as predicted 
from the track impact. Nothing suspicious has been 
Rmnd in the behaviour of the calorimeter cell from 
the monitoring of the stability of its calibration using 
light flasher and Co 60 source measurements. We have 
also checked that the ratio between the light trans- 
mitted by the two light guides has the expected dis- 
tribution in minimurn bias events. Even! F could be 
compatible with an electron pair hypothesis if a neu- 
tral particle (for example a hard bremsstrahlung pho- 
ton) had entered the calorimeler cell very near )Is edge 
( - 7 0  mrad away from the electron) causing many 
shower particles to cross the associated light guide. 
However the absence of a ('5 cluster facing this region 
would imply that the photon did not convert in the 
1.5 radiation lengths thick converter. 

The electron candidates of events G and H which 
do not pass the strict cuts are both observed in the 

central region. The latter fails cut 4 because it happens 

to fall in the small region (A~b = 18 °) where (?5 is non 
operational. We ignore ttlis fact in the present discus- 
sion. Both Jail cut 3 for the following reason: addi- 
tional energy (~3  GeV) is observed in neighbour cells, 
inconsistent with lateral and longitudinal leakages of 
a shower initiated by an electron of the measured 
energy, In both cases this additional energy has an 
important component in the hadronic compartments: 
it is therefore difficult to ascribe it to radiative effecls. 
We observe no track pointing to these cells, and 11o 
C5 cluster facing illem. In the case of minimum bias 
events superimposed at random on large transverse 
momentum identified eleclrons we find that the proba- 
bility of observing similar configurations is about 0.1 <2~. 
We have also checked, using the light t]asher system, 
that cross-talk between neighbour cells is negligible. 

The presence of additional energy in these events 
has been ignored when calculating the invariant mass 
(table 2 and fig. 2). From tile above discussion we ~e- 
lain the following points: 

(a)Eight events(A Hlare observed wiih at least 
one electron passing the strict identification criteria. 
Their masses chlster in tile 90 GeV/c 2 region where 
the expected background is only 0.03 events. 

(b) Five of these events (A g) are either idenli- 
fled as, or perfectly compatible with, e+e or e+e -') '  
configurations. 

(ci The lhree other events (F H) have both clus- 
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Table 4 
Electron parameters (central region). 

PttYSICS LETTERS 15 September 1983 

Cut Event A B C D E F G H 

(see 
Table ~ (degrees) 117.4 61.2 45.9 81.8 79.0 126.4 44.3 132.4 98.1 126.8 i04.8 115.0 

l ) ~ (degrees) 38.3 299.7 130.2 59.5 27.7 147.2 1.7 123.3 306.4 346.6 162.2 198.6 

49.5 48.3 73.2 11.4 24.4 50.8 38.6 53.0 46.0 45.0 47.5 46.5 
E(GeV) 

_+2.0 -+2.3 ±4.0 -+0.9 +1.4 -+2.0 ±2.1 ±5.5 +-1.8 +-1.8 -+2.3 ±2.0 

I (mip) 1.2 1.2 0.8 1.7 1.4 1.7 1.3 1.3 1.4 0.9 

67.4 

27.0 

42.1 
+1.7 

1.8 

Max(R9 ,R~) 0.25 0.36 0.39 0.39 0.26 0.31 0.40 0.16 0.38 0.36 0.16 0.13 0.12 
i (cell sizes) 

H(%) 6.5 5.0 12.9 5.0 8.9 8.1 6.2 [0.8 8.7 8.9 3.1 10.6 4.4 

A(cerl sizes) 0.22 0.46 0.21 0.43 0.35 0.33 0.26 0.24 0.50 0.36 0.27 0.44 

3 p(%) 35 28 Ii 6 67 15 69 0.001 ~ 83 0 ~ 28 0.002 a) 60 

4 qs (mip) 14.5 24.8 23.8 13.9 29 4.5 2.4 a} 5.3 20.4 16.5 105.6 --~ 31.6 

5 d(mm) 3.2 1.8 0.9 1.5 -- 1.9 8.9 ~ 5.6 1.2 0.2 2.6 --~ 3.2 
(¥) 

a)This value fails the corresponding cut. 

ters in the central region. In each of these events one 
cluster fails cut 3. Although we retain the interpreta- 
tion that this cluster is in each case associated with an 
electron, its configuration is inconsistent with our 
present knowledge of the detailed response of the cen- 
tral calorimeter to high energy electrons. However, 
we shall repeat the measurements of relevance in a 
high energy electron beam before drawing any defi- 
nite conclusion on the significance of these inconsis- 
tencies. 

The presence in fig. 2b of a signal free of back- 
ground contamination, and the difficulties encoun- 
tered in interpreting events F - H  in terms of electron 
pairs, have led us to consider the hypothesis that the 
sample of fig. 2b could be contaminated by a back- 
ground peaking in the (W, Z 0) mass region, but not 
made of genuine electron pairs. W and Z 0 decay modes 
other than e+p and e+e - (for example into two ha- 
dron jets) could provide such a mechanism. However 
we find it difficult to retain such an hypothesis be- 
cause the sample of fig. 2a contains only two extra 
events, compatible with the background expectation 
of 0.7 events, in the mass region above 80 GeV/c 2. 

4. Conclusions. The most likely interpretation of 
the eight events in fig. 2b is that they all result from 
the decays Z ° -+ e+e or Z 0 ~ e+e-',/. 

However three of these events ( F - H )  are not com- 
pletely consistent with this hypothesis. Event D con- 
tains an electron for which the energy is not accurately 
measured. We restrict therefore the following discus- 
sion to the sample of four events ( A - C  and E) which 
can be used with confidence in an evaluation of the 
Z ° mass and width. 

From these events we measure the mass of the Z 0 
boson to be: 

M z = 91.9-+ 1.3 -+ 1.4 GeV/c 2, (2) 

where the first error accounts for measurement errors 
and the second for the uncertainty on the overall 
energy scale. 

The rms of this distribution is 2.6 GeV/c 2, consis- 
tent with the expected Z 0 width [13] and with our 
experimental resolution of ~3%. 

Under the hypothesis of Breit Wigner distribution 
we can place an upper limit on its full width 

r < 11 GeV/c 2 (90% CL), (3) 
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co r re spond ing  to a m a x i m u m  of  ~ 5 0  d i f fe ren t  neu- 

t r ino  types  in the  universe [14] .  

The  s t andard  SU(2)  X U(1)  e lec t roweak  mode l  

makes  def in i te  p red ic t ions  on  the  Z 0 mass.  Taking 

in to  accoun t  radiat ive co r rec t ions  to O(c  0 one  f inds 

[131 

M z = 77 p - 1 / 2 ( s i n  20w)-lGeV/c 2, (4)  

where  0 W is the  renormal i sed  weak mix ing  angle de- 

f ined by mod i f i ed  min ima l  sub t rac t ion ,  and  p is a 

p a r a m e t e r  which  is un i ty  in the  min imal  model .  

Assuming  p = 1 we f ind 

sin20 w = 0 .227  + 0 . 0 0 9 .  (5) 

However ,  we can  also use the  p re l iminary  value o f  

the  W mass f o u n d  in this  e x p e r i m e n t  [15] 

M w = 81 .0  + 2.5 + 1.3 G e V / e  2 . 

Using the  fo rmula  [13] 

M w = 38.5 (sin Ow)-lGeV/c2, (6)  

we f ind s in20w = 0 .226  -+ 0 .014,  and  using also eq. (4)  

and  our  expe r imen ta l  value o f M  Z we ob ta in  

p = 1.004 + 0 . 0 5 2 ,  (7)  

in ag reement  wi th  the  p red ic t ion  o f  the  min imal  

SU(2)  X U ( I )  mode l ,  wi th  the  recent  results  o f  the 

UA1 expe r imen t  [4] ,  and  wi th  the results  of  low ener- 

gy neu t r i no  e x p e r i m e n t s  [16] .  
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