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We report the results of a search for single isolated electrons of high transverse momentum at the ('I-RN ~p collider. 
Above 15 GeV/e, four events are found having large missing transverse energy along a direction opposite in azimuth to that 
of the high-p- l- electron. Both the configuration of the events and their number are consistent with the expectations from 
the process~+p ,W" +anything, withW - .e+v,  whereW' is the charged Intermediate Vector Boson postulated by the 
unified electroweak theory. 

1. I n t n ) d u c t i o n .  The very successful operation of 
the CERN ~p Collider at the end of  1982, with peak 
luminosities of  ~ 5  X 1028 cm -2  s - l  , has allowed the 
UA2 experiment to collect data corresponding to a 
total integrated luminosity of  ~ 2 0  nb 1. According 
to current expectations [1 ], these data should contain 
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approximately four events of  tile type 

+ p --+ W'  + anything 
r 

I ~ e + + u ( ~ ) ,  (1) 

where W" is the charged Intermediate Vector Boson 
(IVB) which mediates the weak interaction between 
charged currents [2]. In fact it was the search for such 
particles, and for the neutral IVB. the Z O, that moti- 
vated the transformation of  the CERN Super Proton 
Synchrotron (SPS) into a ~p collider operating at a 
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Fig. 1. l 'hc UA2 detector: Schematic cross section in the vertical plane containing the bealn. 

total centre-of-mass energy x/~ = 540 (;eV [3]. 
We report here the results of  a search for single 

electrons of  high transverse momentum (PT), which 
are expected to originate from reaction (1). Because 
the neutrino from W decay is not detected, the events 
from reaction (1) are expected to show a large missing 
transverse energy (of  the order of the electron PT) 
along a direction opposite in azimuth to that of  the 
electron. Results on this subject have been reported 
earlier [4,51. 

The experimental apparatus is shown in fig. I. At 
the centre of the apparatus a system of  cylindrical 
chambe,s (the vertex detector)  measures charged par- 
ticle trajectories in a region without magnetic field. 
The vertex detector consists of: (a) two drift chambers 
with measurement of the charge division on a total 
of  12 wires per track: (b) four multi-wire propor- 
tional chambers having cathode strips with pulse height 
read-out, at +45 ° with respect to the wires. These 
chambers are used to determine the position of  the 
event vertex along the beam line with a precision of 
-+ 1 r a m .  

The vertex detector is surrounded by a highly seg- 
mented electromagnetic and hadronic calorimeter (the 
central calorimeter),  which covers the polar angle in- 

terval 40 ° < 0 < 140 ° and the azimuthal range 30 ° ~< 
~< 330 °. In the present experiment the remaining 

azimuthal interval (-+30 ° around the horizontal plane) 
is covered by a large angle magnetic spectrometer 
(LAMS), which includes a lead-glass wall, to measure 
charged and neutral particle production [6] over Aq~ 
= 30 °. 

The forward regions (20 ° < 0  < 37.5 ° and 142.5 ° 
< 0 < 160 °, respectively), are each equipped with 
twelve toroidal magnet sectors, with an average field 
integral of 0.38 T m, followed successively by: (a) 
drift chambers; (b) nmltitube proportional chambers 
immediately behind a converter to detect showers: (c) 
electromagnetic calorimeters. 

More details on the apparatus will be discussed 
whenever they are relevant to the present investiga- 
tion. 

2. Elec[ron search hi the central cak~rimeter. The 
central calorimeter is segmented into 200 cells, each 
covering 15 ° in ¢ a n d  10 ° in 0 and built in a tower 
structure pointing to the centre of  the interaction re- 
gion. Tile cells are segmented longitudinally into a 17 
radiation length thick electromagnetic compartment  
(lead-scintillator) followed by two hadronic compart- 
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ments (iron-scintillator) of  two absorption lengths 
each. The light from each compartment  is collected 
by two BBQ-doped light guides on opposite sides of  
the cell. 

All calorimeters have been calibrated in a 10 GeV 
beam front the CERN PS, using incident electrons and 
muons. The stability of  the calibration has since been 
monitored using a light flasher system and a 6°Co 
source. The systematic uncertainty in the energy cali- 
bration for the data discussed here is less than -+2% 
for the electromagnetic calorimeter. 

The response of  the calorimeter to electrons, and 
single and multi-hadrons, has been measured at the 
CERN PS and SPS machines using bealns from 1 to 
70 GeV/c. In particular, both longitudinal and trans- 
verse shower development have been studied as well 
as the effect of  particles impinging near the cell bounda- 
ries. The energy resolution for electrons is measured 
to be erE//:'= 0.14/X/ff(E in GeV). Details of  the con- 
struction and performance of  the calorimeter are re- 
ported elsewhere [7]. 

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 C 5 (see fig. 1) has cathode strips at 
-+45 ° to the wires. We measure the pulse heights on 
the cathode strips and the charge division on the wires. 

In order to implement a trigger sensitive to high-PT 
electrons, the gains of the photomultipliers were ad- 
justed so that their signals were proportional to the 
transverse energy. The eight signals from any 2 × 2 
matrix of adjacent electromagnetic cells were then 
linearly added and their sum was required to exceed 
a given threshold (typically set at 8 GeV). In order 
to suppress background from sources other than ~p 
collisions, we required a coincidence with two addi- 
tional signals obtained from scintillator arrays sur- 
rounding the vacuum chamber downstream of the in- 
teraction point. These arrays were used in an experi- 
ment to measure the ~p total cross section [8] : they 
gave a coincidence signal in more than 98% of  the 
non-diffractive ~p collisions. 

The full data sample recorded using the W trigger 
corresponds to a total integrated luminosity of  19.0 
n b - l .  A first event selection is made by searching for 
clusters of energy with the configuration expected from 
isolated electrons. A cluster is obtained by joining all 

cells of  the electromagnetic calorimeter which share 
a common side and contain at least 0.5 GeV, and the 
cluster energy is defined as the sum ofal l  energies con- 
tained in the three compartments  of  both the cluster 
cells and the surrounding ones. The following require- 
ments are then applied: (i) the cluster must be con- 
tained within a 2 X 2 cell matrix; (ii) no more than 
10% of  the cluster energy must be contained in the 
electromagnetic compartment  of  the surrounding cells: 
(iii) no more than 10% of  the cluster energy must be 
contained in the had ronic compartments;( iv)  the clus- 
ter centroid must not fall in an edge cell. This last re- 
quirement reduces the solid angle acceptance by 25%. 
Tests with electron beams from the SPS have shown 
that more than 95% of  all isolated electrons in the 
energy range 10--80 GeV pass the cuts (i) to (iii). 

For each cluster satisfying all ffmr requirements a 
transverse energy E{ is calculated using the position 
of  the cluster centroid and assuming that the event 
vertex was in the centre of  the apparatus. The events 
with E T > 15 GeV (363 events) are fully reconstructed 
and the exact location of the event vertex (as mea- 
sured in the vertex detector) is used to obtain the cor- 
rect value of  the transverse energy E T. The/:'1" distri- 
bution for these events is shown in fig. 2a. The fall- 
off for/: 'T < 17 GeV results from the selection re- 
quirement E T > 15 GeV applied without knowledge 
of  the exact event vertex. For E T > 17 GeV the dis- 
tribution of  fig. 2a has no threshold bias. There are 7 
events with E T > 30 GeV, the highest E T value being 
40.3 GeV. 

This sam.ple is further reduced by requiring that one, 
and only one charged particle track reconstructed in 
the vertex detector points to the energy cluster. To 
take the calorimeter cell size into account we define 
the quanti ty 

A 2 = (60/10°) 2 + (6~/15°) 2 , (2) 

where 60(6c#) is the polar (azimuthal) separation be- 
tween a track and the line joining the event vertex to 
the cluster centroid. Studies with electron beams from 
the SPS have shown that (A 2) is ~0 .13  for high- 
energy electrons, with 95% having A2 <0 .4 .  We require 
that the track with the smallest A 2 value has ,52 < 1, 
together with the further condition that no other 
charged particle track be present in a cone of  10 ° 
half-aperture around it. A total of  96 events survive 
these cuts, with the E y distribution shown in fig. 2b. 
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Fig. 2. Transverse energy distribution of the event samples in 
the central calorimeter: (a) After rcquixcments on energy clus- 
ter. (b) After association with a track. (c) After association 
of the track with a shower in the tungsten converter. (d) After 
requiring only one such shower. (e) After fl~rther cuts on the 
quality of the track-energy cluster matching. This is the final 
electron sample. 

We then require that the track produces  a shower 

in the tungsten conver ter ,  with an associated charge 

cluster in chamber  ( '5, as expec ted  in the case of  elec- 

trons.  Fig. 3a shows the d is t r ibut ion o f d  2, the square 

o f  the dis tance be tween  the track and the closest charge 

cluster cen t ro id  in C 5. Clusters associated with a track 
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Fig. 3. (a) Distribution o l ' d  2 . tile distance between the track 
and the shower in the tungsten converter. The smooth curve 
represents the distribution measured using high-energy elec- 
trons from the SPS (arbitrary normalisation). (b) Distribution 
of the charge Q5 (MIP units), observed in chamber C5 after 
the tungsten converter. (c) Distribution o fd  2 for the sample 
of 10 events satisfying the isolation criteria. (d) Distribution 
o f f ,  the quality parameter for the energy cluster shape, as 
defined in eq. 1,3). The curve represents the distribution mea- 
sured using high-energy electrons from the SPS (arbitrary 
normalisation). (e) Distribution o l d  2 for the three electron 
candidates. 

appear  as a clear peak super imposed  on a tlat back- 
ground.  

This background has two origins: (a) chamber  C 5 

is only ~ 6 0 %  efficient for min imum ionising particles 
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(bliPs) and whenever the charge cluster generated by 
a MIP is lost, a cluster no! associated with tile track 
is used to calculate d2: (b) tile track-associated cluster 
may be merged with a nearby cluster (e.g. from photon 
conversion) and the resulting cluster may have its cell- 
troid displaced with respect Io the track. 

Fig. 3b shows the distribution of Q5" the charge 
of the closest cluster with d 2 '< 500 mm 2, measured 
in units of the most probable charge generated by a 
MIlL We have studied the response of cllamber (?5 to 
electrons and pions by exposing ~, similar device, in- 
cluding a converter and a calorimeter, to a bean1 from 
the CERN SPS. In the energy' range from ~20  to ~60  
GeV, electron clusters in such a chamber were found 
to have a broad charge distribution, peaked around 
Q5 " 20, w, ith more than 00% t;f tile electrons satis- 
fying tile condition Q5 > 4. Furthernaore, the d 2 dis- 
tribution of these electrons has o = 14 mm 2, with 
97% having d 2 '< 50 mm 2 (see also fig. 3a). 

The condition 05 > 4, when applied to our Sal/l- 
-,.:, pie, reduces the number of events from % to ,~.. The 

KT-distribution for these events is shown in fig. 2c. 
We note that, although the requiremenl d 2 < 50 

.-} 
nun-  is adequate to select charge clusters associated 
with electrons, we used the looser cut d 2 < 500 mm 2 
in order to be able to estimate the background con- 
lamination in the final event sample. 

In order to further ensure the condition that the 
electron candidate is isolated, we require that no other 
charge clusters are present m (75 m a cone of 10 ° half- 
aperture around the track. Such clusters could result 
from the conversion of high-energy photons accom- 
panying the charged particle m the tungsten. We esti- 
mate that the loss of events due to radiative correc- 

tions [c?] is less than 6'~. 
Ten events satisfy this requirement. The f"T and 

d 2 distributions for these events are shown in fig. 2d 
and 3c, respectively. 

As a final selection criterion we use the high seg- 
mentation of the central calorimeter to check if the 
shape of the energy cluster is consistent with that ex- 
pected from an isolated electron impinging along the 
direction of the observed track. To this purpose we 
define a quality factor)' 'as follows 

f=l- - (~i  (1:" i --~ 9,1/2 
: . L ' i ) -  , ( 3 )  

where E is the measured cluster energy, E i is the ener- 

gy measured in cell i, Ei is the energy predicted for 
cell i under the assumption that the observed charged 
particle track is an electron of energy 1;', and the sum 
is extended to all cells of the ch, ster and those for 
which K i is different fiom zero. The energies/:'i are 
obtained from the energy distrihutions measured in 
the calorimeter using electron beams from the ('ERN 

SPS. 
Fig. 3d shows thefdis t r ibut ion  for the sample of 

10 events. Three events appear to satisfy the condi- 
tion .1"< 0.05. Such a condition is salisfied by more 
than 95% of single, isolated electrons, as verified with 
electron beams from the SPS (see also fig. 3d). 

As a further check that tile events with)` '< 0.05 
are indeed electrons, we estimate the lateral position 
of the electromagnetic shower in the calorimeter cell 
from the pulse height ratio of the two pholomulti- 
pliers and we compare it to the track intpact point. 
We find good agreement (within -+ 2.5 ram, as expected) 
for the three events, whereas for the remaining seven 
events there is a difference of more than 5 mm be- 

tween these measurements. 
The d 2 distribution for the three surviving events 

is shown in fig. 3e. These events all hayed 2 < 50 mm 2, 
as expected for charge clusters in C 5 which are asso- 
ciated with a track. The /5  I, distribution for these 
events, which represent our final sample of electron 
candidates, is shown in fig. 2e. 

As a check of this analysis all of the initial sample 
of 363 events was carefully scanned by physicists 
using a high resolution graphics terminal. The same 
three events were found. 

There are three main sources of background con- 
tamination: 

(a) Single, isolated high-PT rr 0- or r/-mesons under- 
going Dalitz decay, or high-PT photons (both single 
and from n0(r/)--, '77 decay) converting in the vacuunt 
chamber wall. Conversions in the detector material 
,,',,ere excluded by requiring that the track coordinate 
were found in at least one of the two innernlost chanl- 
hers of the vertex detector. An upper limit to the 
number of single 7r 0- or r/-mesons or single photons is 
obtained front the original sample of 363 events (fig. 
2a) by selecting those events with no track pointing to 
the energy cluster and with at most one charge clus- 
ter in chamber ('5 in front of the energy cluster. There 
are 5 such events with E T > 25 GeV, of which 1 .satis- 
fies the requirement )`'< 0.05 lsee eq. (3)1, as expected 
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for high-energy isolated rr 0- or r/-mesons or single pho- 
tons. Taking into accot, nt the probabili ty for pholon 
conversion in the vacuum chamber wall (1.3'2L) and 
lhe Dalilz decay branching ratio, the expected num- 
ber of  background events from this source is <0 .04  
for I:'T > 25 (;eV. 

(b) Single high-PT charged hadr~ms interacting in 
tile tungslen converter and depositing a large fraction 
of  their energy (> t )05 )  in tile electromagnetic calo- 
rimeter. Using high-energy t)ion beams between 30 
and 60 (;eV from the CERN SPS we have found that 
only <1 /400  of the pions satisfy these requiremenls. 
Assuming lha! the rati~ of  charged particles to ~0. 
mesons at high P l  is 3, we estimate that the expected 
number  t)f background events from this source is 
3/400 "" 0.01 events for I 'T > 25 GeV. 

(c) "'Overlap" events, consisting of either at least 
one high-PT photon accompanied by a charged par- 
ticle ()r of several high-PT photons of wllich orle c()n- 
verts. In lhese events tile charge cluster observed in 
chamber C 5 is not correlated with tile track, giving rise 
!o a llal background in both d 2 and fvar iables  (see 
figs. 3c and 3d). Since these variables are correlated, 
we estimate the overlap background by extrapolating 
tile distribulion of the 10 events of figs. 3c and 3d ill 
the d 2 , f p l a n e  l(.) the region where electrons are ex- 
pected (d 2 < 50 ram2, . / '<  0.05). This method pro- 
vides an estimate of 0.6 background events with t:'T > 
15 GeV. Taking into account the E T distriht, tion of 
the original event sample (fig. 2a), we estimate this 
background to be approximately 0.1 event tbr E T > 
25 GeV. 

In conclusion, the total background contribution 
to tile three electron candidates amounts to less than 
0.2 events for t:"I" > 25 GeV. Fu,thermore,  back- 
ground sources would have an/=T-distribution simi- 
lar to that of  fig. 2a, whe,-eas the distribution of  the 
three electron candidates is inconsistent with it. This 
is an independent indication that tile background con- 
tribution is indeed small. 

3. E&'ctrott search ipt the fi)rward detectors. Each 
of  tile two forward detectors (see fig. 1) is divided 
into twelve identical sectors covering 30 ° in q~ and 
17.5 ° in 0. A sector consists of: 

Three drift chambers located after the magnetic field 
region. Each chamber consists of  three planes, with 
wires at --7 °, 0 °, +7 °, respectively, with respect to 
tile magnetic field direction. 

A 1.4radiat ion-lengths!hick lead iron converter, 
folh~wcd by two chambers of  proportional tubes 
(MTI'(7). I:'iach chamber consists of  two layers of  
20 mm diameter prot)ortion-i1 tubes, staggered by a 
tube radius and equipped with pulse height mea- 
surement. There is a 77 ° angle between tile tubes 
of  the t,.vt+ MTP('s. with tile tubes of  the first one 
being parallel to the magnetic field direction. This 
device localises electromagnetic showers with a pre- 
cision o f ~  I 0 nln'l, as verified with tile data them- 
selves. 
An electromagnelic calorimeter consisting of  lead- 
scintillator counters assembled in ten independent 
cells,each covering 15 ° in ~ and 3.5 ° in 0. Each cell 
is subdivided into two independent longitudinal 
seclions, 24 and 6 radialion lenglhs thick, respec- 
Tively. Tile light from each section is collected by 
two BBQ-doped light guides om opposile sides of 
the cell. 
blore than c)85~ of  an electron shower is contained 

in tile first section, as verified experimentally up ' to  
80 GeV using electron beams from the CERN SPS. 
t ligh-energy hadrons, on the contrary,  deposit rela- 
lively large amounts of  energy in the second section 
which is used, therefore, as a hadron veto. The energy 
resolution for electrons has been measured to be OE/E 
= 0.15/X/E= (k" in GeV). Tile calibration technique used 
for these calorimeter modules is similar to that for the 
central calorinreler. 

A trigger sensitive to high-PT electrons was imple- 
mented by requiring th~,t tile transverse energy de- 
posited in any 2 X 2 matrix of  adjacent cells in the 
same sector exceed a threshold (typically set at 8 GeV), 
in coincidence with the small angle scintillator arrays 
described in section 2. Tile full data sample recorded 
with Ibis trigger corresponds to a total integrated lu- 
minosity of  16 nb- 1 

The forward calorimeler cell size is much larger than 
the lateral extension of  an electromagnetic shower: 
consequently all electron is expected to deposit its 
energy in a clusler consisting of at most two adjacent 
cells. Furthermore,  because of  Ibe geometry of  the 
calorimeter,  these cells must have the .same azimuth. 
a total of  761 events with a cluster transverse energy 
E T above 15 GeV has been selected from the full data 
sample. The E- 1. dislribution of  these events is shown 
in fig. 4a. 

We next require !hal a charged particle track re- 
constructed in the drifl chamber points to lhe cluster 

481 



Volume 122B, number 5,6 PHYSICS LETTERS 17 March 1983 

200 

100 

5O 

,~ 20 

10 

L \ 

, , II-I 
I0 20 30 ~0 

E T ICieV} 

,n 
50 

I 

60 

8L 
! 

~L 

~n l I I I n , 
o o 02 o oz. o.o6 oo8 o to o12 o i/, 

_= R 

e cl 

,. it oR.oo2 [] R ,. 002 

m , [ - - , - 1 ,  , , 
0 10 20 30 t~0 50 60 70 

Charge in HTPC cluster 

dl 

t nll I-I i i i I 
0 tO 20 30 t,O 50 60 

E T ( OeV] 

Fig. 4. (a)/:'T-distribution of the sample of 761 events selected 
from energy requirements in the forward calorimeters. 
(b) Distribution of R, the ratio between the energy deposited 
in the hadron veto section of the calorinreter and the cluster 
energy. (c) Distribution of the charge of the track-associated 
cluster measured in the MTPCs after the lead-iron converter 
(MIP units). (d) Transverse energy distribution for the final 
sample of electron candidates. 

centroid. The centroid position along an axis parallel 
to the magnetic field direction in that sector (the 
x-axis) is obtained with an accuracy o = 25 mm from 
the pulse height ratio of  the two photomultipliers in 
the cell. We require, therefore, that the x-coordinate 

of tile track impact point on the calorimeter be within 
---70 mm of  tile cluster centroid. 

Because the magnetic field deflects charged parti- 
cles in the plane defined by the particle direction and 
the beam line, the track projection in a plane perpen- 
dicular to the beam line is required to extrapolate 
close to the beam axis and to match a track found in 
the vertex detector within the reconstruction errors. 
The momentum resolution achieved so far is A ( l / p )  = 
0.02 (GeV/c) -  1. 

We then require that the track matches the posi- 
tion of  a shower in the lead- iron converter, as mea- 
sured by the MTPCs. The distance between the impact 
point of the track on the MTPCs and the location of  
the charge cluster in the proport ional  tubes must not 
exceed 60 ,nm in x and 30 mm in the orthogonal 
coordinate. 

The next condition is that the momentum and the 
shower energy measured in tile calorimeter agree 
within errors. This is done by imposing tile condition 
Ip -1 E--II  < 3 a, where a is obtained by adding in 
quadrature the contributions of the momentum and 
energy resolutions quoted above. 

In order to further reduce overlap background and 
to eliminate electrons originating from photon con- 
versions in tile vacuum chamber, we require that only 
one track points to the energy cluster in the calorime- 
ter, and that no additional MTPC cluster is present in 
front of  it. Background due to photon conversions in 
the detector material is suppressed by requiring the 
presence of  a hit in at least one of  the first two cham- 
bers in the vertex detector. 

In order to ensure that the electron is isolated, we 
require that the total energy in the calorimeter cells 
surrounding the energy cluster does not exceed 3 GeV. 

Four events survive all these conditions. 
The ratio, R, of  the energy deposited in the second 

section of  the calorimeter to that deposited in the first 
section, is shown in fig. 4b. Three events satisfy the 
electron criterion, R < 0.02, whereas one has R > 0.1, 
as expected for hadrons. As a further check, we plot 
the charge distributions of  the clusters measured in 
the MTPCs for the two classes of events separately 
(fig. 4c). The large charges associated with the events 
having R < 0.02 are consistent with the behaviour of  
electrons. 

The transverse energy distribution of  the electron 
candidates is shown in fig. 4d. 
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Backgrounds in this sample are expected to origi- 
nate from the same sources as described in section 2. 
However, in this case the background from conver- 
sions of high-E T photons is smaller because the tnag- 
netic field separates unresolved e+e - pairs• 

Concerning the overlap background, we note thai 
soft charged hadrons accompanying high-E T photons 
are rejected by the requirement that the measured par- 
ticle momentum and the energy deposition agree within 

errors. 
The background contribution from high-PT charged 

hadrons can be estimated from fig. 4b by extrapolating 
the distribution of events with R > 0.02 to the elec- 
tron region, R < 0.02. There is one event having R > 
0.02 which we use to estimate that less than 0.2 back- 

ground events have E T > 15 GeV. 

4. Missing transverse momen tum.  We now verify 
anolher feature of reaction (1): namely, the presence 
of an undetected neutrino with transverse momentum 
similar in magnitude to that of the electron but op- 
posite in azimuth. 

In order to estimate the missing transverse momen- 
tum carried away by the neutrino we reconstruct the 
total momentum vector from the available calorimetric 
and spectromelric measurements. To each calorimeter 
cell, including Ihose in the lead glass wall, we assign a 

vector Pi with magnitude equal to the energy deposited 
in the cell and direction along the line joining the event 
vertex to the cell centre. In the forward detectors, 
when both momentum and the corresponding energy 
deposition are measured, we use the larger value in 
order to avoid double counting. The total momentum 
vector P = Zip  i is then projected onto the direction 
of lhe electron transverse momentum vector PeT to 
define the missing transverse momentum p~nixq 

miss 
PT = (P.PeT)/ET , (4) 

where E T = [PeT I, and where P includes the electron 
momentum. 

The ratio p~iss/p," T is shown in fig. 5a for the elec- 
tron candidates found both in the central calorimeter 
and in the forward detectors. The events with p~aiss/ 

E T ~ 1 are consistent with reaction (1). 
The E T distribution of the four events with p+niss/ 

E T > 0.8 is shown in fig. 5b. These electron candidates 
are those having the highest E T values. 

The two electron candidates with P-~Tiss/E T < 0.5 

al 
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I:ig. 5. (a) Distribution ofP.~)lSS/ET , tile ratio between the 
lotal missing transverse momentum and the transverse ener- 
gy of the electron candidate. (b) Transverse energy distribu- 
tion of the electron candidates obsgrved in events with large 
missing transverse momentum (P~lSS/E. I, > 0.8). (c) The cell 
energy distribution as a function of polar angle 0 and azimuth 

for the electron candidate with the highest/'T value (event 
(' of table 1). 

for which E T = 16.3 and 22.6 GeV, respectively, have 
both been found in the forward detectors. We note 
that the isolation criteria used here are looser than 
those used for the central calorimeter. In particular, 
we have not applied the condition that no other 
particle is observed within a 10 ° halt-aperture cone 
around the electron track, because the higher particle 
density expected in the angular region of the two for- 
ward detectors would reduce the detection efficiency 
for reaction (1). 
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T a b l e  1 

P a r a n l e t e r s  o f  l h e  c e n t r a l  c a l o r i n l e l e r  e l e c t r o n s .  
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c) 0 = 0 corresponds to tile direction of the incident protons. 
d) Distance between the track and the predicted impact in the calorimeter, calculated from the pulse height ratio of the tv.o 

photomuhipliers. 

Table 2 
Parameters of tile forv.'ard delector electron v. ith missing transverse momentum. 
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a) The sum extends over all particles excepting tile electron. 
b) 0 = 0 corresponds to tile direction of the incident protons. 
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hi order to verify that the large missing transverse 
m o m e n t u m  of  the four electron candidates is not  

domina ted  by the l imited coverage o f  the detectors ,  
we have studied a sample o f  background events ob- 

tained from the raw W-trigger sample. This control  

sample is domina ted  by events conta ining a high-E- l- 
je t ,  which are not  expected  to show a large missing 

transverse m o m e n t u m  [10].  We find that the fraction 
o f  such events which satisfies tile condi t ion  P,~iss/k'. 1, 
> 0.8 is only ~ 2 0 %  for both the central calor imeter  
and the forward detectors .  

A list o f  relevant parameters for the four  events 
with P,l,niss/ET > 0.8 is given in tables 1,2. For  each 

event the total transverse energy, Z E.r, of  all particles 

excluding the electron is also shown in tables 1,2. It 
should be compared  with tile corresponding value o f  
~ 8  GeV for min inmm bias events. 

Fig. 5c shows tile cell energy distr ibut ion in 0 and q~ 
for the highest k" T event (event C in table 1). The only 
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significant energy flow within the detector  acceptance 

is carried by the electron candidate.  Tile o ther  three 

events have the same spectacular configurat ion.  

5. Conclusions. The application o f  the various selec- 

tion criteria used in the analysis to identify single iso- 

lated electrons has reduced the original event sample 

to four events with E T > 15 GeV and large missing 

transverse motnen tum.  The number  o f  events, account-  

ing approximate ly  for acceptance and detec t ion  effi- 

ciency,  and their conf igurat ion are consistent  with ex- 
pectat ions from reaction (1). 

The assulnption that these flmr electrons indeed 
originate from the decay W ~ eu, allows us to esti- 

mate tile W mass for a given W m o m e n t u m  distribu- 

t ion,  assuming W decay kinematics  and standard V - A  

coupling.  This is done by fitt ing the E T distr ibut ions 
predicted for the four measured fl angles to tile mea- 

sured/ : 'T values. 
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We find that the best fit value o f M  w is rather insen- 

sitive to the particular choice  o f  the W m o m e n t u m  

distr ibut ion,  provided that the transverse m o m e n t u m  

PwI- is much less than Mwc. We use gaussian distribu- 
tions fo, the three componen t s  o f  the W m o m e n t u m  

Pw and vary ((p~t,..L)) 1/2 be tween 50 and I00  ( ;eV/c .  

and (PWT) between 3 and 8 GeV, where Pwt, is the 
hmgitudinal  mon len tum.  The ranges o f  values used for 

((P~vL)) 1/2 and (pW,l.) reflect the limits o f  reasonable 
product ion  models  [ 1 ]. 

The results o f  the fit gives 

M w = 180"_~ ° ) G e V / c  2 , 

where the quo ted  error takes into account  the effect  

of  varying the W m o m e n t u m  distr ibut ion.  

This value agrees with the expec ta t ion  o f  the elec- 
tro-weak theory  [11 ]. 
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