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We report on measurements on inclusive cross sections times branching fractions into elecWdasdar
bosons produced ipp collisions at\s=1.8 TeV. From an integrated luminosity of 84.5 phrecorded in
1994-1995 using the D@ detector at the Fermilab Tevatron, we detemr{ipp— W+ X) X B(W—ev)
=2310+ 10(stah = 50(sysh = 100lum)pb and o(pp—Z+X) X B(Z—ee) =221+ 3(stah+ 4(sysh=+ 10(lum)
pb. From these, we deriver(pp—W+X)XB(W—ev)/o(pp—Z+X)XB(Z—ee)=10.43+0.15sta)
+0.20sysh=0.1QNLO), B(W—ev)=0.1044+0.0015sta)=+0.002Qsys)+ 0.0017theory) = 0.001GNLO),
andI'\,=2.169+0.031stah = 0.042sysh = 0.04Ltheory) = 0.02ZNLO)GeV. We use the latter to set a 95%
confidence level upper limit on the partial decay width of Weboson into nonstandard model final states,
'Y, of 0.213 GeV. Combining these results with those from the 1992-1993 data @{pgs— W+ X)
XB(W—ev)/o(pp—Z+X)XB(Z—ee)=10.51+0.25,I",=2.152+0.066 GeV, and a 95% C.L. upper limit
on Fi\,T," of 0.191 GeV. Using a sample with a luminosity of 505 ftiaken atys=630 GeV, we measure
o(pp— W+ X)X B(W—ev) =658+ 67 pb.
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PACS numbgs): 14.70.Fm, 14.70.Hp, 13.85.Qk

[. INTRODUCTION ratio R using a data sample approximately six times larger
than was used in the previous D@ measurements. The value
Since their discovery in 1983], comparison of the prop- of R is used to extract the branching fractiB(W— ev) and

erties ofW andZ bosons to predictions of the standard modelthe total decay width of th&/ boson,I'yy. We set an upper

has been a subject of intense stiidy-7]. One such property limit on the partial decay width of th&/ boson to states not

is the W boson width. Within the standard model, tN¢ included in the standard model.

boson decays into quark or lepton electroweak doublets. To The uncertainties on the measurements of the absolute

lowest order, the partial decay width of tiW¢ boson into  cross sections are dominated by the uncertainty on the inte-

massless fermion&f’ can be written as grated luminosity measureme@t3%. In the ratio, many of
the systematic uncertainties, including that on luminosity,
Twofr= |fo_,|2Nc(GF/‘f2)(M\3;v/67T), (1) cancel. The uncertainty iR is dominated by the uncertainty

in the QCD background in th&/ boson sampl€1.5%); the

whereVy;, are the Kobayashi-Maskawa matrix elements forstatistics of theZ boson samplél.4%); the uncertainty in the
decays into quarks and unity for decays into leptons. Theatio of the acceptances faV and Z bosons(0.8%9; the
termN¢ accounts for color and is(3+ ag(My)/7+---) for ~ uncertainty in the ratio of the electron identification efficien-
decays into quarks and unity for leptonic decays. Within thecies for W and Z bosons(0.6%9; and the uncertainty in the
standard model, the total width of tht boson is the sum of multijet, b quark, and direct photon backgrounds to the
the partial widths over three generations of lepton doublet®0son(0.5%). In addition, we assign a 1% theoretical uncer-
and two generations of quark doublets. If additional non-ainty on’R due to next-to-leading-order electroweak radia-
standard model particles exist, which are lighter than andive corrections.
couple to thew boson, then the width would have an addi-  The paper is organized as follows. Section Il is a brief
tional contribution. One example is a supersymmetric mode@lescription of the D@ detector, emphasizing the components
in which theW boson can decay to the lightest superpartneimportant for this analysis. Section Ill describes the criteria
of the charged gauge bosons and the lightest superpartner é$ed to select th&/—er andZ— ee data samples. Section
the neutral gauge bosons, with a width that depends on th®y describes the calculation of the kinematic and geometric
masses of the superparticld. Thus, thew boson width is  acceptance for the selection criteria. Section V presents the
of interest as a test of the standard model and as a probe foreasurement of the electron identification efficiency. Section
new physics. VI presents the estimate of the backgrounds in the data

The W boson width has been measured indirectly by thesamples. Section VII gives some details about the luminosity
UAL [3], UA2 [4], Collider Detector at FermilabCDF) [5], measurement. Sections VIl and IX present the cross section
and D@[6] Collaborations. The most recent results &g results and some consistency checks, respectively. Section X
=2.044+0.093 GeV from D@ and"\,=2.064+0.084 GeV presents the measurement of Weboson cross section times
from CDF. Both used a method which is based on measuringranching fraction into electrons afs=630GeV. Section

the ratioR of the W—ev andZ—ee cross sections: XI presents the results for the electronic branching fraction,
the width, and the invisible width of th&/ boson. Finally,

og(pp—W+X)XB(W—ev) we state our conclusions in Sec. XII. More extensive descrip-

= o(pp—Z+X)xXB(Z—ee (2 tions of the methods used in this analysis can be found in

Refs.[12] and[13].

The width can be calculated from this measurement using
Il. THE D@ DETECTOR

R= ow I'z FW*'V. 3 The D@ detector, described in detail elsewhdr ], con-
oz 'z Tw sists of four major components: a nonmagnetic central track-
ing system for measuring the trajectories of charged par-
Both o /07 andI'y,_, can be calculated theoretically to ticles; hermetic central and end uranium and liquid-argon
high precision[9], and depend only on the couplings of the sampling calorimeters for measuring the energies of elec-
W and Z bosons to the lepton and quark doublets, and therons, photons, and hadrons; a toroidal spectrometer outside
ratioI',/T";_,; has been measured precisely by experimentsf the calorimeter used for measuring the momenta of
at the CERNe* e~ collider LEP[10]. muons; and a set of scintillation counters mounted on the
The W boson width has also been measured byltBeand  front face of the forward calorimeters used to detect inelastic
OPAL Collaborations at LEP7] using kinematic fits t@qqq  pp collisions and measure the luminosity. We use a coordi-
and qglv events, and by CDIF11] by looking at the high- nate system wher@ and ¢ are the polar and azimuthal
mass tail of the transverse mass spectrum. Their current remgles, respectively, relative to the proton beam direction
sults arel'yy,=1.97+0.38 GeV, I',=1.84+0.38GeV, and The pseudorapidity; is defined as—In(tan(6/2)), andp is
I'y=2.11+0.32 GeV, respectively. the perpendicular distance from the beam line.
This paper presents new measurementso¢pp— W The portions of the central tracking system used in this
+X)XB(W—ev), o(pp—Z+X)XB(Z—eeg), and their analysis consist of four detector subsystems: a vertex drift
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chamber(VTX), a central drift chambe{CDC) covering the  “underlying event.” Particles from the recoil and underlying
pseudorapidity regiofy|<1.1, and two forward drift cham- event are indistinguishable. While in principle there should
bers(FDC) covering 1.X|7<3.5. The central tracking sys- be no netE; in the underlying event, effects of finite reso-
tem provides a measurement of the energy loss due to iongtion can cause the measured vector sum ofthealues of
ization (dE/dXx) for tracks within their tracking volume. This the particles from the underlying event to be nonzero, and
information can be used to help distinguish between prompihe underlying event therefore contributes to Ereresolu-
electrons fromW andZ boson decays anel"e™ pairs due to  tjon of the recoil. The neutrin&; corresponds to the nega-

phOtﬁ” colnv_ersions. <5 of th | calort tive of the vector sum of the electrdy, the recoilEy, and
The calorimeter consists of three parts, a central caloriMg = ¢ 1he nderlying event.

eter (CC) and two end calorimeterdEC). The calorimeters
are segmented longitudinally into an inner electromagnetic .
section(EM) and an outer hadronic sectioHAD). The EM B. Trigger

calorimeter is segmented longitudinally into four layers, the A three-level trigger system is employed to selé¢and
third being at the shower maximum for electromagneticz boson candidates. At level-0, tife—ee and W— ev trig-
showers. The calorimeter is segmented transversely in towgers require the detection of an inelastic collision via simul-
ers, each covering approximatey;x 6¢=0.1x0.1, with a  taneous hits in the forward and backward L@ scintillation
further segmentation of 0.08.05 in the third EM layer.  getectors. The position of the interaction point is calculated
The third layer of the CC is located at=91.6 cm; that of the  ging the relative timing of the hits in the counters and is
EC calorimeter is located a&=178.9cm. The CC electro- required to satisfyz|<97 cm.

magnetic calorimeter covefg|<1.1, while the EC electro- | o\el.1 consists of a hardware trigger that sums calori-
magnetic calorimeter covers X4<4.2. The hadronic metric energy in towers of sizd7xA¢=0.2x0.2. TheW

Cal?ﬂ;ngéei;tﬁﬁfgnmC%rsxgre&g)"ucsoevder]%??]'ﬁ:sdﬁhg umi- & trigger requires that at least one such EM tower con-
tain transverse energy above a threshold of 10 GeV.Z he

nosity consist of two layers of 1.6 cm thick scintillators cov- ; : :
ering 1.9<|%/<4.3. Each layer has ten shdi@ cmx7 cm) —eetrigger requires the presence of two EM trigger towers
with Et>7 GeV.

scintillators, each glued to a single photomultiplier tube X )
(PMT), and four long(7 cmx 65 cm scintillators, each glued At_ the IasF trigger stage, level-2, the full detector mforma-

to two photomultiplier tube$PMTS), one at each end. The tion is read into a system of computers. Electrons are iden-
average time resolution is 240 ps for the short scintillatordified as isolated clusters of energy in the EM calorimeters
and 510 ps for the long ones. The two layers are oriente¥ith longitudinal and transverse shower shapes consistent
perpendicular to one another. The counters are located atWith those of electrons. Neutrinos are identified with the

=+140cm on the front faces of the EC calorimeters, andneasured energy imbalance in the calorimeter in the plane

provide a fast interaction triggéwithin 800 ng and a vertex ~ transverse to the beam axis. At this stage, the polar angles for
resolution of 15 cm. calorimeter towers are calculated using the vertex position

determined by the L@ counters. Thié— ev trigger requires

an electron candidate witk;>20 GeV andET> 15GeV.
IIl. DATA SELECTION The Z—ee trigger requires two electron candidates with
A. Event topology E> ZQ GeV. Events passing th&/—ev or Zﬂeetrig_gers
) ) - are written to magnetic tape for subsequent analysis.
CandidateZ and W boson events are identified through  agditional requirements to ensure a well understood calo-
their decay to two electrohsvhich have an invariant mass  rimeter response and to cancel luminosity-dependent effects
consistent with the mass of tizeboson, or to an electron and egyit in some data loss. The Main Ring component of the
a neutrino, respectively. Electrons frowi andZ boson de-  Teyatron accelerator system passes through the outer part of
cays typically have large transverse enekgyand are iso-  the hadronic calorimeter. Beam losses from the Main Ring
|ated frokr_n other partlclzs. Trr:eylare agsoma_teo]lc with a track iRan create significant energy deposits in the calorimeter, re-
the tracking system and with a large deposit of energy in On(gulting in large faIseET. The largest losses occur when

of the EM calorimeters. Neutrinos do not interact in the de—beam is being injected into the Main Ring. Events occurring

tector, and thus create apparent energy imbalance in Aithin a 400 ms window of injection are rejected, leading to

vent. For n candi vent, we m re th
event. For eaclW boson candidate event, we measure t eonIy a small loss of data. Large beam losses can also occur

energy imbalance in the plane transverse to the beam direwhen particles in the Main Ring pass through the D@ detec-
tion (Er), and attribute this to the neutrino. tor. Events within a 1.6zs window around these time peri-
The particles that balance the component of W@r Z = ods are also rejected, resulting in an approximately 8% loss
boson momentum transverse to the beam axis are referred § qgata. At the highest luminosities, thé— e trigger was
as the “recoil.” Particles from the break-up of the proton prescaled by a factor of 2 to reduce the trigger rate to an
and antiproton in the inelastic collision are referred to as thedcceptable level. It was not necessary to prescaleZthe
—ee trigger. To ensure that luminosity-dependent effects
cancel in the ratio of the cross sections, we discard runs with
"Henceforth, the term “electron” refers generically to electrons @ W— ev prescale or with ndV— ev trigger, resulting in a
and positrons. loss of approximately 32% of the availabfe—ee events.
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C. Offline analysis requirements

Offline, events passing th&/ or Z trigger requirements
are studied for the presence of high- isolated electrons

and highE; which indicate the production and decayWfor
Z bosons. Electrons are required to have transverse and lon-
gitudinal shower shapes consistent with those observed in
test beam studiekl5]. In addition, they are required to be
isolated from other calorimetric energy deposits and to have
at least 95% of their energy in the EM section of the calo-
rimeter. To be considered isolated, electrons must satisfy the
isolation requirement
Eos—Egy
Iso= ES_ZA

<0.15, (4)

P

|

cC
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where Ej 4 is the total energy in a cone of radiu?
= JA 7%+ A ¢?=0.4 around the electron direction, agf'"

FIG. 1. The vertex position calculated using the position of the
electron clustefas determined using the information from the third

is the energy in a cone of radils=0.2 around the electron layer of the EM calorimet@rand the center of gravity of the elec-
direction summed over the electromagnetic calorimeter onlytron track(as measured in the tracking chambers
Geometric, or fiducial, requirements on the electrons are
imposed to ensure a well understood response from the caldates with 1.5|7p|<2.5. Electron energies are corrected
rimeters. The electron position is measured in the third layeusing the electromagnetic energy scale measured in the test
of the EM calorimeter, where the resolution is best due tdeam, and adjusted to make the peak ofZheee invariant
fine segmentation. We require the pseudorapidity of the eleanass agree with the known mgsks] of the Z boson. The
tron calculated with respect to the center of the deteejgr,  electron energy scale is described in detail in R&T].
to satisfy| 7p|<1.1 or 1.5<| 5p|<2.5. In addition, for elec- Candidates for the process—ee are required to have
trons in the CC|(np|<1.1), we require that they be at least two electrons withE;>25 GeV. The invariant mass of the
0.05x27/32 radians away from any of the 32 EM calorim- dielectron pair is required to satisfy ¥5n(ee) <105 GeV.
eter inner module boundaries, thereby removing 5% of th&he z position of the event vertex is defined by the line
cell volume at each boundary. connecting the center of gravit¢ OG) calorimeter position
Finally, electrons inW— ev candidate events and at least of the tight electron with the smalle$typ| and the COG
one of the electrons id— ee candidate events are required position of its associated track, extrapolated to the beamline,
to have a matching traékwhose position extrapolated into as shown pictorially in Fig. 1. The cluster COG position is
the calorimeter agrees with the EM cluster position. To in-calculated in the third, finely segmented, layer of the calo-
crease the size of theé—eesample, only one of the electron rimeter. The track position is extracted ap @f 62.0 cm for
candidates is required to have a matching track; electron€DC tracks or at & of 105.5 cm for FDC tracks. The inter-
without a matching track are called “loose” electrons, while action vertex defined this way is called the “electron” vertex
those with a matching track are called “tight” electrons. Theand is required to be withihz|<97cm. A total of 5397
track match significances,,, is defined in terms of the dis- events passes thé—ee selection criteria, of which 2737
tance between the extrapolated track and the EM cluster cerevents have both electrons in the CC calorimé@c-CC
troid, and the resolution in the distance: events, 2142 events have one in the CC and one in the EC
(CC-EC eventg and 518 events have both electrons in the
(pAd)? AZ? (pAd)?  Ap? EC calorimeteEC-EC events Figure 2 shows the invariant
Sw=\ gz Tz adSw=\ gz T mass distribution of th& —ee candidates.
pe ‘ pe " 5) Candidates for the proces¥—ev are required to have
one tight electron withE;>25GeV, and E;>25GeV.
for CC and EC electrons, respectively. Hepa¢, Az, and  Events containing a second loose or tight electron \Eith
Ap are the distances in the azimuthal direction, ztdirec-  >25GeV are rejected to reduce backgrounds fram*

tion, and the radial direction respectively, adgl;, 6, and  _ g¢ events. The; is calculated as the negative of the
6, are the correspondmg resolutions. The longitudinal anq,qctor sum of the electroB; and the underlying event and
transverse resolutions a%=1.7cm andd,,=0.3cm, re-  recii £ The E; from the underlying event and the recoil
spectively, in the CC, and,=0.7¢cm, §,,=0.3cm in the g c5icylated as the vector sum of the of all calorimeter
EC. The track match significance is required to be less than ggis except those which contain the electron. While the elec-
for candidates with 7p|<1.1, and less than 10 for candi- 4 E; is calculated using the above vertex, the underlying
event and recoikE are calculated using a vertex determined
from all tracks in the CDC, called the “standard” vertex,
2A matching track is a track which satisfies the track match sig-since the electron vertex is not available at the appropriate
nificance requirement defined below. stage of the event reconstruction. The use of different vertex

072001-5



B. ABBOTT et al. PHYSICAL REVIEW D 61 072001

700 £ 5397 candidates 2500 | 67078 candidates
600 [
> % 2000 |
2 500 &)
S E 1500
Z 400 | g
2 &
2 300 b 1000 |
200 | so0 b
100
[ 0 . A RPN BPPE
0 20 40 60 80 100 120

0 ..n.al.r-hiﬂ:
50 60 70 80 90 100 1

Transverse Mass (GeV)
Invariant Mass (GeV)

) ) o ) FIG. 4. The transverse mass distribution from We-»ev can-
FIG. 2. The invariant mass distribution from tde-ee candi-  gjgate event sample.

date event sample. The shaded region represents the dielectron in-
variant mass requirement.

M= \2E1(e)Er(1—cosdd) 6)

definitions results in a small degradation of e resolu- and 56 is the angle between the electron and Exein the
tion. For the collected data, the mean number of imeraCtionﬁansverse plane

per crossing is approximately 1.6. For events with more than
one interaction vertex, the one with the largest number of
associated tracks is selected as the standard véeten IV. ACCEPTANCES AND CORRECTION FACTORS
though it may or may not be the vertex closest to the ex-
trapolated position of the electron trackigure 3 shows the . ] ] )
fraction of events in which the standard vertex is more than The geometric and kinematic acceptances of the selection
10 cm away from the electron vertex. The figure also show§'iteria are calculated using a Monte Carlo simulation. Ini-

theZ— eeinvariant mass distribution when the standard ver-tially, the W or Z boson, the recoil system, and the underly-

tex is used and when the electron vertex is used. The electrdRg event are generated with appropriate kinematic properties
vertex gives a sharper invariant mass distribution, because @d theW or Z boson is forced to decay in the electron

has better resolution and little luminosity dependence. A tochannel. A second stage then models the response of the
tal of 67078 events passes tWé—ev requirements, of detector and the effect of the geometric and kinematic selec-

which 46792 events have their electron in the @oc  tion criteria.

A. Monte Carlo simulation

events, with 20286 events in the E(EC events Figure 4 The primary event generator, originally developed for the
shows the transverse mass distribution of the candidate®@ W boson mass analysis, is described in detail in Refs.
where the transverse mass is calculated as [18,19. The detector simulation was re-tuned for this analy-

sis, because the mass analysis used only electrons with
|7p/<1.1 and imposed different fiducial cuts at the azi-

?Eo.zs L O bty > 10em g 600 | — Electron muthal boundaries of the central calorimeter modules. Also,
= [ ® 122 > 10em R Vertex | the mass analysis was restricted to events Witbosonp+
g02 [ 2900 o Standard <15GeV, while this is not the case for the present analysis.
3 —— Sao £ H The mass distribution of the/ or Z boson is generated ac-
=015 | : cording to a Breit-Wigner distribution convoluted with the
o1 b 30 3 - CTEQ4M [20] parton distribution functions, taking account
—o— 200 of polarization in the decay. The transverse momentum and
005 | . ¢ 100 E : rapidity distributions of theV or Z boson are generated by
3 .‘. L S Y computing the differential cross sectiaifo/d p-zrdy, using a
%5 5 o s 20 Y T s 100 120 program provided by Ladinsky and Yué®1], as discussed
Luminosity (10™ em™s™) Dielectron Mass (GeV) in Ref.[17]. TheW or Z boson decays include the effects of

@ (b) lowest-order internal bremsstrahlung, where a photon is ra-

FIG. 3. (8 Frequency at which the standard vertey,gaq(cal- diated f_rom a fina_l state ele_ctron, u;ing the Berends-KIeiss
culated using all trachsis more than 10 cm away from the extrapo- calculation[22]. This calculation predicts that approximately
lated track positionz,, as a function of luminosity. For compari- 31% Of theW boson events and 66% of tlzeboson events
son, the frequency at which—ee events with two tight electrons Nave & photon with an energy above 50 MeV in the final
have extrapolated track positioas andz, differing by more than ~ State. In the simulation, the energies of the photon and its
10 cm is shown(b) Invariant mass distribution foZ —ee events ~ associated electron are combined if their separation,
when the standard vertex position is used and when the electrogA 7;2+A¢2, is less than 0.3, wher&¢ is in radians. For
vertex position is used. the Z boson, events are generated according toZlmson
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FIG. 5. Invariant mass distribution for the CC-CC-ee data
sample. A Breit-Wigner distribution convoluted with a Gaussian
resolution is fit to this distribution and the width is used to deter- E|G. 6. Determination of the constant term for the electron en-
mine the constant term in the CC electron energy resolutionxfhe  ergy resolution. The curved dashed line connecting the Monte Carlo
per degree of freedom for the fit is 88.7/56. points shows the correlation between the constant term in the CC

line shape, and no Drell-Yan or interference terms are inglectron energy resolution and the fitted width of the CC-ZC
! —eeinvariant mass distribution from the Monte Carlo events. The

cluded. The generator producésandZ bosons anly over a horizontal solid lines shows the fitted width of the CC-CC data

finite mass range, and we include a small correction in th%ample, and the horizontal dashed lines the uncertainty on the fitted

acceptance to account for this. As.a cross check, we hay jdth. From the intersection of the data line with the curved dashed
also calculated the acceptances using events generated Wik we determine the constant term for CC electrons to be 0.014
the PYTHIA [23] event generator, and the results are consis-, g2

tent with those from our generator.

In the detector modeling phase of the simulation, the prito a Breit-Wigner distribution convoluted with a Gaussian.
mary vertex distribution is generated as a Gaussian with &igure 6 shows the rms of the Gaussian that is obtained when
width of 27 cm and a mean position 6f0.6 cm, to match  the same procedure is applied to Monte Carlo as a function
the observed distribution. Electron energies and angles aisf the CC constant term, along with the result from the data.
smeared according to measured resolutions and are correctgfe intersection of the two gives the constant term. The con-
for offsets in energy scale due to contamination from parstant term in the CC is thus determined to be 0:009002
ticles from the underlying event or the recoil in the calorim-with the uncertainty being dominated by the statistics of the
eter towers containing the electron signal. The electron enz_,ee sample. The constant term in the EC is G
ergy scale is adjusted to reproduce the known njaghof The uncertainty in the polar angle of CC electrons is pa-
the Z boson. The electron energy and angular resolutiongametrized as an uncertainty in the position of the track at a
used in the Monte Carlo program are tuned to reproduce thgydius of 62 cm for CDC tracks. Treposition of the track at
observed width of th&— ee invariant mass distribution for - thjs radius has a 0.3 cm uncertainty. The uncertainty in the
the sample used in this analysis. polar angle for EC electrons is absorbed into the large un-

The uncertainty in the electromagnetic energy scale i%ertainty in the EC energy scale.

0.1% for the CC and 1.6% for the EC. The large uncertainty |n the simulation, the recoil momentum is smeared by the
in the EC energy scale is due to a rapidity dependent calimeasured resolution. The recoil is also corrected for any
bration inaccuracy of the EC calorimeter. We correct for it injgsses of particles to the same calorimeter towers as the elec-
each sample which contains EC electrd@C-ECZ—ee  tron. The model of the response of the calorimeter to par-

events, EC-ECZ—ee events, and EGNV—ev events, by  ticles recoiling against th& or Z boson is tuned using

fitting the corresponding invariant or transverse mass dlstrl-_)ee events. They axis is defined as the bisector of the

butions to the data, and the uncertainty is taken as the size gt ; -1 angle between the two electrons, as shown in Fig.

the correction.
. . 7. We compare the component of the of the Z boson alon
The electron energy resolutiod E) can be parametrized -~ P P be 9

as AE/E=Ce S/ \E, where the two terms are called the 7 @S calculated using the energies of the electropg))§,
constant and sampli,ng term, respectively. The valus & to that calculated by summing the transverse momentum of

known to high precision from test beam studies and is 0.13§II towers in the calorimeter, except those containing the

rec .
GeVY2 for CC electrons and 0.157 G&¥/for EC electrons.  €lectrons, pr);. o
The value ofC in the simulation is adjusted until the rms Because the calorimeter response is different for electrons

from the Monte CarloZ—ee invariant mass distribution ang for. recoil particles, the algebraic sum g¢it(); and .
matches that of the data. Figure 5 shows the result of fittingPT) 5 is on average nonzero. The average value of this
the invariant mass distribution of CC-CL—ee candidates ‘* p-imbalance” scales linearly with p(-e}e);], as shown in

Constant term [% ]
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event. The% axis is the bisector of the electron directions in the P 7 B T T
transverse plane; the axis is perpendicular 6. Hadronic scale o,
Flg 8. The recoil scale used in the simulation is tuned such F|G. 9. Determination of the hadronic scalg,. The points
that applying the same procedure to Monte Carlo eventgepresent the slope of the ling't9);+ (pS%; versus p%; ob-
yields the same response as the data. Figure 9 shows tiined from Monte Carlo events as a functionagf. The intersec-
slope of the averagepé“);ﬁr (p?e);] versus p?e)% from the  tion of the dashed line connecting the Monte Carlo points with the
Monte Carlo as a function of the hadronic scale, along withs°lid line, obtained from data, determines the hadronic scale used in
the slope determined from data. The intersection of the twdhe simulation. We taker,=0.753+0.024.

determines the hadronic response to dg=0.753+0.024

relative to the electromagnetic energy scale, with the unceryym pias event randomly from this sample and s is
tainty being dominated by uncertainties in the EC electrogompined vectorially with that of the simulat&d boson. To
magnetic energy scale. The hadronic energy resolution is pggcount for any possible difference between the underlying
rametrized in the same way as the electron energy resolutio@yent inw boson and in minimum bias events, we introduce
and is known from jet studies to have a constant term of 4%, mytiplicative scale factor for thE; of the minimum bias
and a sampling term of 0.§pr/GeV. events. The scale factor is estimated usingzheee sample

The _underlyi_n_g event_is modeled_ using events tak_en Wm}md set so that the width of thesjtbalance” distribution
a L@ trigger(minimum bias evenjswith the same luminos- from the simulation agrees with that from the data, where

ity profile as thewW and Z boson samples. We pick a mini- -  rec o ) _
" p-balance” is pt7ay+ pTe);,. Figure 10 shows this

quantity for theZ—ee event sample. Figure 11 shows the
rms. of the ()fre°);7 distribution from the simulation as a func-

Slope = 0.239 + 0.006 600 -
2 3 RMS =5.19 GeV
> oF s00 [
o 10 [
S [
%‘A‘: d: 400 |
= r > [
+ OF 6
=t Za300f
~ 4 - 5
g 3
2f 200 |
00 5 10 15 20 25 30 35 40 45 50 100 |-
(PY); [GeV] '
. 0' AN PETEY TN FTH ST P
FIG. 8. They imbalance, p¥9;+ (p$9);, versus p$9); from 20 15 -0 5 6 5 10 15 20

the Z—ee sample. The solid line is a linear fit to the data points, [PeTe+(P;“/aH)]ﬁ [GeV]

with a slope of 0.23%0.006 and ax? per degree of freedom of

47.5/23. Up to got of 25 GeV, where most of th&V—ev andZ FIG. 10. Distribution of the ;7 balance,” the magnitude of the
—ee data is, they? per degree of freedom is 1.2. The hadronic vectorial sum of pF9;/ay and ($%;, for events in theZz—ee
response contributes only a small fraction of the uncertainty in thesample(solid histograny, and for Monte Carlddashed histogram

acceptance. events.
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FIG. 11. Determination of the minimum bias scale factor. The Fig. 12, The electromyp distribution for Z—ee candidates

points represent the rms of thgbalance distribution from Monte  (solid circleg and for the Monte Carlo eventhistogram after all
Carlo simulation as a function of the minimum bias scale factor.corrections and cuts except for track match have been applied. The
The solid horizontal line shows the rms from the data sample. Therror bars represent the statistical uncertainty in the datay¥per
intersection of the dashed line connecting the Monte Carlo pointglegree of freedom is 0.65.

with the data line determines the minimum bias scale factor used in

the simulation to be 1.040.02. The systematic uncertainties in the acceptance due to the

resence of radiative photons in the event come from uncer-

%inties on the minimum separation # ¢ space the elec-
minimum bias events and th& boson underlying events is tron and the photon must have_ in order to b_e resolve_d as
separate clusters by our calorimeter clustering algorithm.

1.01x0.02. Th tainties due to effects of the cl i Igorith
Figure 12 shows the electron detector pseudorapidity dis- € uncertainties due to effects of the clustering algorithm

LS : are calculated by varying the size of the cone that is used to
tr . .
ibution, 7y , for Z—ee candidates and for the Monte Carlo %emde whether or not the photon will be resolved from the

tion of the minimum bias scale factor. The simulation has th
same rms. as the data when the scale factor between t

after all cuts and corrections have been applied. The shar octron in the detector between 0.2 and 0.4
edges correspond to the fiducial requirements applied to th We use aW boson mass of 80375 GeV and width of

electrons. The data and the Monte Carlo simulation agre
well. Since the tracking efficiency is obtained from the ?3'0\6/6 GeV, gnc: Va?]' thgse b¥0'065. GEV and;:O.fOGO
data (as explained in Sec. )Y the figure shows electrons eV, respectively. Th&V'boson mass is the result o com-
without the tracking requirement. bining the measurements from O@7], CDF[24], and a fit
to all direct W boson mass measurements from LE®)].
The W boson width is the current world averafg-7]. The
systematic uncertainties in the acceptance due to the EM
The acceptance is defined as the fraction of geneMted energy scale, EM resolution, hadronic response, hadronic
—ev or Z—ee events satisfying the kinematic and geomet-resolution, and the resolution on the polar angle of electron
ric requirements. Samples of 25000000 events are used teacks are found by varying the relevant parameters within
estimate all systematic uncertainties, except those from anthe Monte Carlo simulation by their individual uncertainties.
biguities in the parton distribution functions and differences The generation ofV andZ bosons is limited to the mass
in generators. For these, we use the slomemHIA generator ranges 40—120 GeV fow bosons and 30-150 GeV fa
and samples of 1 000 000 events, corresponding to statisticabsons. The error quoted on generated mass in Table | is the
errors of 0.1%, which are small compared to the dominantincertainty on the fraction of events outside this mass win-
uncertainties. Table | shows the acceptance results and dow that would pass our selection criteria. The error is domi-
summary of the systematic uncertainties. nated by the statistics of the Monte Carlo samples, but is
The uncertainties in th&/ and Z bosonp; spectra are well below the dominant uncertainties. The error quoted on
calculated by varying the theoretical parameters in ]  the generator is from a comparison of the difference in ac-
within the range quoted by the authors. The systematic unseptance between our Monte Carlo andHIA (after smear-
certainties from the choice of parton distribution functionsing PYTHIA for detector responge
are calculated from the largest excursion in acceptance found The acceptances and their uncertainties \Worev, Z
using the CTEQ4M[20], CTEQ2M [20], Martin-Roberts- —ee, and their ratio are shown in Table . ThW¥ boson
Stirling set D. (MRSD_) [25], MRS(G) [26], 1994 Glick-  acceptance i#\=0.465-0.004. The largest contributions
Reya-Vogt(GRV94) harmonic oscillatofHO) [27], and ver-  to the uncertainty arise from uncertainties in the EM energy
sions of the MRSA distribution functions with values of the scale, the difference between our generator mymHIA, and
strong coupling constant ranging from 0.150 to 0.324]. uncertainties in the parton distribution functions. The accep-

B. Geometric and kinematic acceptance
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TABLE I. Acceptances and their systematic uncertaintiesVfband Z boson events and their ratio.

Ay Az Ay
A
Acceptance 0.4650.004 0.366:0.003 0.7870.007
Error source SA SA A A
Do o 4/
pt spectrum 0.096 0.104 0.100
Parton distribution functions 0.189 0.314 0.252
Clustering algorithm 0.141 0.294 0.153
My, 0.130 0.130
ol 0.050 0.050
EM energy scale 0.685 0.337 0.698
EM energy resolution 0.024 0.037 0.044
Hadronic response 0.129 0.129
Hadronic resolution 0.078 0.078
Angular resolution 0.019 0.046 0.027
Generated mass range 0.150 0.180 0.234
Generator 0.343 0.516 0.172
Total 0.85% 0.78% 0.85%

tance forZ—ee events isA,=0.366-0.003. The largest The systematic uncertainty is evaluated by usingisheeT
sources of systematic uncertainty arise from the differenc€29] generator instead afyTHIA and is estimated as the dif-
between our generator am¥THIA, effects of the electron- ference between the two generators. The primary uncertainty
photon clustering algorithm in radiativboson decays, and in fpy is due to Monte Carlo statistics, but its contribution to
uncertainties in the EM energy scale and in the parton disthe total uncertainty in th& boson cross section and kis
tribution functions. In the ratio of acceptances, a few of thenegligible.

systematic uncertainties are reduced by partial cancellations

of correlated errors. The ratio of the acceptance8/sA,,
=0.787+0.007. D. NLO electroweak radiative corrections

_ Next to leading order(NLO) electroweak processes
C. Drell-Yan correction modify the cross sections and their rafi@0]. A full NLO
It is conventional to repofi(pp— Z+ X)X B(Z—e€) as calculation is available for th&/ boson which suggests that
the product of the cross section and branching ratio, assuni?® W boson cross section would decrease by a multiplicative
ing theZ boson as the only source of dielectron events. Howfactor of 0.998-0.001[31]. For theZ boson, only the full
ever, the production of dielectron events is properly de-QED calculation is available; the purely weak part is miss-
scribed by considering the boson, the photon propagator, IN9- For the ratigR, the best theoretical estimate at this time
and the interference between the two. The Drell-Yan correciS @ multiplicative factor of 1.080.01[31], where the un-
tion factor relates the number of events in our mass windov¢€rtainty is dominated by the difference between the NLO
to what would be expected purely frofhboson production. COrrections to thaV andZ boson cross sections, due mainly
To obtain this correction, we userTHIA to generate events O the purely weak corrections missing in téoson calcu-
with just the contribution from th& boson, and, separately lation. This theoretical uncertainty is expected to be reduced
using the full Drell-Yan process with interference termsin the future. A 1% uncertainty ik due to NLO elec-
(combiningZ boson and photon diagramsVe process both troweak radiative corrections is quoted in this analysis.
samples with the same Monte Carlo simulation used for the

acceptance calculation. The ratio of the complete Drell-Yan V. EFFICIENCIES

cross sectiondpy) to the Cross section fo'r t@b'osgn glone A. Electron identification efficiencies

(o), for events passing o— ee selection criteria, is es- ) o o _

timated to be Electron identification efficiencies are obtained usihg

—ee events selected by requiring two electron candidates
satisfying only standard kinematic and fiducial requirements.
‘TDY/UZ:1_—fDY:1-012tO-001 (7 An electron is considered a “probe” electron if the other
electron in the event passes all standard electron identifica-
or fpy=0.012+0.001 as the fraction of production cross tion criteria. This gives a clean and unbiased sample of elec-
section attributable to the presence of the photon propagatairons. We count the number of events insid&€ &oson in-
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variant massn(ee) window before and after applying the trigger, except for it requirement, is used to evaluate the
electron identification criteria to each probe electron. Theg|ative efficiency of theIéT requirement in thew boson

ratio of the number of e"?‘”ts n tieboson mass wmq_ow,_ trigger. The efficiency of théT requirement is found to be
aftf-zr_ background subt_ractlon, gives the eIectron_|dent|f|cat|orb_993t0‘001_ The efficiency of the electron requirements in
efficiency. Two techniques are used to determine the backne trigger is measured from a dielectron sample using the
ground. In the sideband method, the numberZofee  same method used to determine the electron identification
events in the regions 60m(ee) <70 GeV and 11&m(ee) efficiencies, and is found to be 0.998.001 for electrons in
<120GeV is used to estimate the number of events insidéhe CC, and 0.9960.002 for electrons in the EC. A portion
the signal region by assuming a linear shape for the backef the W— ev data was taken without requiring the L@ com-
ground. In the second method, backgrounds are estimated tppnent of the trigger. By studying these events, and taking
fitting the observed invariant mass distribution to a Breit-Nto account the luminosity-dependent effects, we find the
Wigner (smeared with a Gaussian to account for detectol? efficiency fqu bqson events to be 0.98.005. We
resolution for the Z boson, and an assumed first- order pon-""SSume that this efficiency is the same Wr—>ey and for
nomial for the background. The background is estimatedzﬂeeevents’ and therefore cancels in the ratio.

from the contribution of the polynomial within the signal
region. The difference between these two estimates com-
prises a part of the systematic uncertainty, which also in- The efficiency for aw or Z boson to pass the electron
cludes the sensitivity of the result to the band chosen as thigdentification requirements is obtained from the convolution
signal region. We have also used an exponential shape f@f the efficiencies with the acceptances as a function ofthe
the background, and the efficiencies resulting from such a fief the electrons from our Monte Carlo. From our Monte

are all well within the corresponding uncertainties. We haveCarlo simulation, of the events that pass our kinematic and
checked for any dependence of the efficiency onEheof ~ 9€0metric selection, 68.70% W bosons have a CC electron

the electron. and find none. and 31.30% have an EC electron. For th&oson, 49.69%
The abO\;e method does not yield the correct efficienc ave both electrons in the CC, 40.55% have one CC and one

when the probability for one of the electrons to pass the-c €lectron, and 9.76% have both electrons in the EC. The
identification requirements is correlated with that of theefflmency forW bosons to pass both the electron identifica-

other. We check for such correlations in the calorimeter-tIon and the trigger requirements is 0.683.008. The analo-

. i . ) : gous efficiency foiZz bosons is 0.75240.011.
based identification requirements usingeanT-based simu- Taking into account the L@ efficiency, the total efficiency

lation[32]. We find that the impact of such a correlated bias(gor Z bosons ise,= 0.744+ 0.011. For thaV boson, combin-

is small compared to the uncertainty on the efficiency, andng electron identification and trigger efficiencies with the

we neglect it. For tracking-based electron identification ré-fficiencies of the:; and L@ requirements, we obtain a total

qguirements, we evaluate the correlations using data and fin ficiency of e, =0.671+0.009. The ratio of the efficiencies

that these correlations cannot be neglected. We select everﬁ;s1 108-0.007. where the error takes into account the cor-
with two electrons that pass the geometric and calorimetric;el‘,jl'tiOnS b.etwéen the uncertainties in #éand Z boson
electron identification requirements of th2—ee data gfficiencies.

sample. We count the background-subtracted numbet of

—ee events that have both electrons passing the tracking
requirements Nlpp), only one electron passing the tracking ) . i
quirements Kl¢). The efficiency for aV boson to pass the OCCUrS when the incident proton or antiproton escapes intact,

; ; ; losing a small fraction of its initial forward momentum. Our
tracking requirements is then Kp+ Npg)/[2(Npp+ Npg \ ; . .
+Ngg)]. The efficiency for aZ boson to pass the tracking cross section measurements include both diffractive and non-

requirements isNpp-+ Npg)/(Npp+ Npg-+ Neg). The track- diffractive W and Z boson production. The perturbative the-

ina efficiency for aW boson or aZ boson is found to be oretical calculation of Ref[9] does not include an explicit
1 %+0 3% | y th hat Id aet . calculation of diffraction, but diffraction contributions to the
-(=0.5% lower than what oné would get assuming nNo COMygq) cross sections enter through the parton distribution

relations. The effect of this correlation cancels in the ratio Offynctions. A recent measureme3d] reports the diffractive
the cross sections33]. _ , _ , to nondiffractive W boson production ratio to bél.15
The efficiency of the calorimetric requirements is O.916i0.55)%. No such measurement exists to dateZdrosons,
+0.006 for CC electrons and 0.870.007 for EC electrons.  gjthough it is believed that diffractivé& boson production
The efficiency of the tracking requirements is 0.70/006  gyists at roughly the same level. Recent theoretical calcula-
for CC electrons inW boson events and 0.73D.010 for EC  ions suggest that the ratio of diffractiv to Z boson cross
electrons inW boson events(Because of the presence of gections is roughly the same as the ratio of inclubivess
correlations, the per track efficiency is not a useful concepections(see Table V of Ref[35]). Since the L@ trigger
for Z boson events. requires simultaneous hits in the forward and backward scin-

C. Total efficiencies

D. Diffractive production of weak bosons

B. Trigger efficiencies

Trigger efficiencies are evaluated from different data 3To obtain the inclusive cross section ratio, one needs to multiply
samples. A special trigger which is identical to the—ev RtimesB(Z—eg)/B(W—ev).
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TABLE Il. The fraction of theW—ev events in the CC that come from multijét,quark, and direct

W cCC

photon sourced,qcp”. In this table, 1ISO refers to the electron isolation requirement, EMF to the requirement
that the fraction of the electron energy in the hadronic calorimeter be small, CHI refers to the shower shape
requirement, and nominal means the electron identification criteria used iWther sample (CH

<100, 1ISG<0.15, and EME-0.95, see Chap. 3 of Rdf12]). dE/dx means the matching track was required

to havedE/dx<1.4 ordE/dx>3.0 for CDC tracks andE/dx<1.3 ordE/dx>2.5 for FDC tracks, to reject

photon conversionésee Ref[36]).

Parent cuts Child cuts €s €y 0 [%]
nominal +dE/dx 0.933+0.004 0.372:0.023 3.3%0.09
1ISO(0.15, EMF(0.95 nominal 0.952-0.003 0.686:0.017 4.49%1.0
EMF(0.95 nominal 0.949-0.003 0.65&:0.011 4.410.8
EMF(0.9 nominal 0.9410.004 0.573%0.015 4.46-0.8
EMF(0.9), ISO(0.15 nominal 0.945-0.004 0.621*0.016 4.76:0.8
EMF(0.9), CHI(100 nominal 0.989-0.003 0.8720.007 6.16:2.0
I1ISO(0.15, CHI(100) nominal 0.992-0.002 0.934:0.007 6.96-3.0

tillation counters, such events would not pass our selectiogefine the background samplee use theET ranges 0-5,
unless accompanied by a minimum bias interaction. The L@_10, 0—-15, and 10-15 Gg\Vand by using different parent
trigger efficiency is calculated froi boson events without and child requirements.

a L@ requirement, and no correction is made to subtract e define our parent and child samples by varying the
diffractive W bosons, so in practice we account for all dif- shower shape requirements and by tightening the selection
fractive W bosons produced. The same efficiency is used fopy requiring thed E/dx measured in the tracking system to
Z boson events under the assumption that the underlyinge consistent with that of an electron. Tables Il and I1l show
events inW andZ boson production are essentially identical. the results.

In order to have an appreciable effect Bnthe diffractive The uncertainty on the background fraction is dominated
production ofZ bosons would have to be several times largethy the uncertainties o and €,, and is given approxi-
than that observed fdiV bosons, so we may safely neglect mately by

the effect onR. The effects of diffractive production on the

individual cross sections are much smaller than the luminos- € bf o,

i : StV o~ —— Seo ——2L 5 8

ity uncertainty and are therefore neglected. QeD~ ¢ ¢, 08P T, O6b- (8)
S

VI. BACKGROUNDS From this equation, one can see that the method works best

when e;— €, is large, and produces large errors when this
difference is small. We take a Gaussian distributioormal-
ized to unity with the mean and uncertainty corresponding

The fraction of background events in tMé—ev sample 5 each background fraction in Tables Il and Ill. For the
w

that is due to multijetb quark, and direct photon sources, mean value of Y., we add all the CC or EC distributions

foco (a!so zﬁferred lt)o aszCDtba_ckgroond; calcu:attedﬂt:y and take the median of the resulting distribution. We set the
comparing the number ot events in €v sampie to the systematic uncertainty iri‘é"CD from the symmetric band

numbgr in a sample W't.h the same kmemz_atlc r.eguw.ementsaround the median with an area of 68% of the total distribu-
but with loosened or tightened electron-identification re—tion The results aréSC= 0 046+ 0.014 for CC events. and
guirements. The larger sample is the “parent” sample, thefWE'c_ ‘%CD_ ' ' btain th ’b' q
smaller the “child.” If the efficiency for signal and for back- qcp=0-143£0.043 for EC events. To obtain the combine

ground to pass the child criteria relative to the parent require?@ckground fraction, we combine the CC and BCboson
ments is known, the number of signal and background eventg/0SS Sections. The weights for CC and EC events are taken
can be simply calculated. The efficiency for electrons from@S 16, where é, is the total uncorrelated error for each

W boson decay to pass the identification requiremesdsié individual cross section, and where we make the conserva-
calculated using th&— eesample. The efficiency for “elec- tive assumption that there is maximal correlation between
trons” from background sourcese() is calculated using a theé CC and EC uncertaintigghe correlated part for each
data sample obtained using the same criteria as\theer uncertainty is the smaller of the tiwd/Ne then find the back-
sample, except requiring smafi; in the event instead of ground fraction that corresponds to this combingdoson

¢ ) cross section. The combined background fraction is esti-
large E+ (to remov_eW l_Joson evenis The main source“of mated to bef\évcaz 0.064+ 0.014.

systematic uncertainty is from the assumption that the “elec- 1o methdd we use to obtain, assumes that the effi-
trons” from background sources in events with smB}§  ciency for background events to pass the electron identifica-
have the same value fet, as those witI"ET> 25GeV. We tion requirements is the same for events with small and large

evaluate this uncertainty by varying ti#e cutoff used to  E. Most of our identification requirements are calorimeter-

A. Backgrounds from multijet, b quark, and direct photon
sources in theW—ewr sample
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TABLE Ill. The fraction of theW—ev events in the EC that come from multijét,quark, and direct

WEC

photon sourced,qcp - In this table, ISO refers to the electron isolation requirement, EMF to the requirement
that the fraction of the electron energy in the hadronic calorimeter be small, CHI refers to the shower shape
requirement, and nominal means the electron identification criteria used iWther sample (CHI

<100, 1ISG<0.15, and EME-0.95, see Chap. 3 of Rdf12]). dE/dx means the matching track was required

to havedE/dx<1.4 ordE/dx>3.0 for CDC tracks andE/dx< 1.3 ordE/dx>2.5 for FDC trackgsee Ref.

[36)).

Parent cuts Child cuts € € oSS [%]
nominal +dE/dx 0.759+0.010 0.5520.007 14.66:4.5
1SO(0.15, EMF(0.95 nominal 0.8810.009 0.51%0.016 11.031.5
EMF(0.95 nominal 0.88@:0.009 0.492-0.015 11.44 1.2
EMF(0.9 nominal 0.8680.010 0.36%0.015 14.4& 1.2
EMF(0.9), 1SO(0.15 nominal 0.868:0.009 0.398:0.017 14.13 1.4
EMF(0.9), CHI(100 nominal 0.987%0.004 0.85&0.013 19.993.3
1SO(0.15, CHI(100 nominal 0.9910.003 0.897%0.010 21.94 3.8

based and can, in principle, be correlated vﬁqh However,

Carlo distribution is normalized to the background sample

the f‘éVCD measurement obtained by adding the tracking-distributions in the hight; region, which is dominated by
baseddE/dx requirement yields results consistent with thereal W boson events. The fraction ® boson events in the
calorimeter-based methods, giving us confidence that thpw ET region is found to be negligible.

correlations betweeET and €, are small. Our studies as-

sume the contamination from thé&/ boson in the back-

grounds is small in the |O\ET region. We check the validity
of this assumption by looking at th#; distributions of the

child and parent samples and compare them tcitheistri- multijet, b quark, and direct photon sources is determined by
bution from W—ev and W—rv—evyv Monte Carlo fiting the dielectron invariant mass distribution to a linear
events. Figure 13 shows the case where the parenjc backympination of a signal shape, obtained fr@hy* events
ground sample corresponds to the nommWeoson selection  generated witheyTHIA and processed through the detector
(except for the; requirementand the child sample is ob- simulation, and a background shape determined from data.
tained from the additionatiE/dx requirement. The Monte Different mass distributions from different sources, such as
multijet events, direct photon candidates, and events passing
all of the Z—ee kinematic cutoffs, but failing the electron
identification requirements, are used for background shapes.
Figures 14, 15, and 16 show such fits with a background
shape determined from direct photon data, for the case where
both electrons are in the CC, for the case where one electron
is in the CC and the other in the EC, and for the case where
both electrons are in the EC, respectively. Systematic uncer-
tainties are determined from the range of values obtained
using the different background shapes and by varying the

B. Backgrounds from multijet, b quark, and direct photon
sources in theZ—ee sample

The background fraction for th&—ee sample due to

Events/GeV
—
[—]
N

10 range of invariant masses used in the fit. The resdlé'bsD
F =0.045+0.005.
1 :-;":; .
NP T TR T TR T C. W and Z boson backgrounds in theW—ewr sample
0 0 20 30 40 50 60 he oth ¢ back di |
E, (GeV) The other sources of background in thé—er sample

areZ—ee Z— 71, andW— rv events. AZ—eeevent can

be misidentified as W— ev event when one of the electrons
and child inclusive electron samples. The solid line is the paren{ﬂ'lstthe fiducial requwer_netnhts oris |;n_|S|dert1)tlft|edt_a|sl aje.t, and
sample corresponding to the nominsllboson selection cuts except e ran_sve_rse energy in the event IS substantially mismea-
for E;. The dashed line is the child sample, corresponding to nomiSured, yielding a large apparei . Events from the process
nal cuts and the additionalE/dx requirement. The dot-dash line is Z— 77 can also mimicW—ev events.W— v events, in

the sum ofW—ev andW— rv— evvv from Monte Carlo events. Which the 7 decays to an electron, are identical\Wo—ev
There is negligibléV boson contribution in the low background — events, except that on average the elecEgrand theE are
regions. lower. The size of these backgrounds scales with \tihe

FIG. 13. Thel7§T distribution for a particular choice of parent

072001-13



B. ABBOTT et al.

Events/2 GeV
o
=)

50 60 70 80 90 100 110 120 130
Dielectron Invariant Mass (CC-CC) [GeV]

10

FIG. 14. Fit of theZ—ee invariant mass distribution. The
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FIG. 15. Fit of theZ—ee invariant mass distribution. The

shaded histogram is the background shape obtained from dire§f'@ded histogram is the background shape obtained from direct

photon data, and the dots are the>ee candidates. The solid line

photon data, and the dots are the>ee candidates. The solid line

histogram results from fitting the data to a linear combination of thelliStogram results from fitting the data to a linear combination of the

Drell-Yan signal shape fromyTHIA and the background shape.

Drell-Yan signal shape fromvyTHIA and the background shape.

—sev or Z—ee cross section, and this must be taken intowhere A is the fraction ofZ—ee events that passes the

account when the background subtraction is done. To ta
this into account, we determiner(pp— W+ X)XB(W
—ev) from the relationship

Nw= NX\Ls(l_ f\gco)
=Ng+N,+NY
=[ewX AwX o (pp— W+ X) X B(W—ev) X L]
+[ewX A, X o(pp— W+ X)

X B(W— 7v) X L]+NY, (9)

whereN,y is the number of candidaté/ boson events after
correcting for backgrounds from multijets, direct photons
and b quarks; Nyi¢ is the number of candidat®V— ev
events;N, is the number oW—ev events passing th&/
—ev selection criteriaN, and NY are the numbers oWV

— 7v and Z—ee events respectively passing these criteria
Al is the fraction of theW— v events that passes thi
—ev selection criteria; and’ is the integrated luminosity.
We assume in Eq9) that theW boson couples with equal
strength to all lepton flavors, and therefoB(W— 7v)
=B(W—ev).

TheZ—eeandZ— 71 backgrounds are estimated using a
GEANT-based simulation of the detector, witERWIG [37] to
generate botlr —ee and Z— 77 events. The number df
boson background events in tiié—erv sample is estimated
by
AZect AZ:

NY'= ewxX N5, 1—f5cp) “AXE,

(10

K&/ —ev selection criteria;AY, is the fraction of Z— 77
events that passes thé—ev selection criteriaNZ, . is the
number of candidat& —ee events;féCD is the fraction of
these candidates from multijeb, quark, and direct photon
background sources¢, is the electron identification effi-
ciency forZ—ee events; and\, is the geometric and kine-
matic acceptance forZ—ee events. The ratio Ays.

T T T LA L B S T

Events/2 GeV

!

10 59""60 70 80 90 100 110 120 130
Dielectron Invariant Mass (EC-EC) [GeV]

Q

FIG. 16. Fit of theZ—ee invariant mass distribution. The
shaded histogram is the background shape obtained from direct
photon data, and the dots are the>ee candidates. The solid line
histogram results from fitting the data to a linear combination of the
Drell-Yan signal shape fromvyTHIA and the background shape.
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FIG. 17. Distribution in luminosity foW—ev or Z— ee candidates. The mean and rms values of the distributions are consistent with
each other.

+AY)IA; is found to be 0.1330.034, and thus a total of Assuming Poisson statistics, a correction is applied to ac-
621+ 1557 boson events is expected to pass\Weser se-  count for multiple interactions. The value of 4 is obtained
lection. The uncertainty in this estimate has two main comfrom
ponents: the difference between the electron identification _
efficiency in the simulation and in the data, and the effect of L= €L B(AsqTsqT AddTad+ AngTnd), (12
any additional overlapping minimum-bias events. This un-
certainty has a negligible effect on the overall uncertainty inwhere the single diffractivedy), double diffractive ¢yg),
the W boson cross section and the rafo and nondiffractive §,4q) components of the total inelastic
The backgrounds to thé/—ev andZ—eesamples from pp cross section are combined into a “world average” using
the decay®W— rv andZ— 77, wherer—ev, are calculated the results from CDF39], E710[40], and E81141]. Since
using the sam&V andZ boson production and decay model the x? per degree of freedom was large for some of these
as in the acceptance calculation. The tau leptons are forced &verages, we follow the Particle Data Group prescription and
decay electronically and then the event is smeared. Backescale all the experimental uncertainties to givegZaper
grounds fromr in the Z—ee sample are found to be negli- degree of freedom of 1. For example, thé per degree of
gible. Assuming lepton universality and the fact that we dofreedom for the inelastic cross section was 6.92 for 2 degrees
not observe any dependence of the lepton identification effief freedom, and thus we rescale the experimental uncertain-
ciency on the transverse energy of the lepton, we can accouties by a factor of 1.86. The resulting inelastic cross section
for the 7 backgrounds in th&V boson sample by makmg a js 57.39-1.56mb. The L@ trigger efficiencyl is deter-
correction to theW boson acceptance of (1Aw./Aw)  mined using samples of data collected from tnggers on ran-
=1.021+0.002. dom beam crossings; and the different L@ acceptances
(Asq,Aqd,Ang) are obtained from Monte Carlo studies.
Table IV shows the inputs to our calculation @f .
Vil LUMINGSITY Luminosities during the 1994-1995 running period
A precise value of the integrated luminosity is needed foranged from (2—-20x10*°cm 2s™ L. The average luminos-
determining any absolute cross section. This analysis usety for the W—evr and Z—ee data samples is 7.5
data collected af/s=1.8 TeV during the 1994—1995 running X 10*°cm™2s™%, with an average of 1.6 interactions per
of the Fermilab Tevatron. The measurement of luminosity is
described in detail in Refd12,13. The luminosity(L) is TABLE IV. Values used in ther g calculation; SD, DD, and

related to the counting rate in the L@ countels &) by [38] ND refer to single diffractive, double diffractive, and nondiffrac-
tive, respectively.

_~In1=7Rg) (11)  SD acceptanceAso) 15.1%+ 5.5%
TOLg ’ DD acceptanceAyq) 71.6%+ 3.3%
ND acceptanceA;q) 97.1%+2.0%
whereo 4 is the effectivepp cross section subtended by the L@ trigger efficiency €P5) 91%=*2%
LD counters, andr=3.5us is the time interval between SD cross sectiondg) 9.54 mb+0.43 mb
beam crossing®R_ 4 is defined by the counts observed in Six DD cross section dg4) 1.29 mht0.20 mb
trigger scalers, one for each beam bunch, divided by thD cross sectiond,) 46.56 mb=1.63 mb
fixed time between crossings. This counting rate never satuy, , 43.1mb=1.9mb

rated during the run, not even at the highest luminosities
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beam crossing. The integrated luminosity for heeeand  ous D@ measurements relied only on results from CDF and
W—evr data samples is 84:53.6 pb . The uncertainty in  E710. Including the recent E811 measurement of the inelas-
luminosity is the dominant uncertainty in the measurementic pp cross section in the world average increased the dis-
of WandZ boson cross sections. Figure 17 shows the districrepancy in normalization relative to CDF from 3.0% to
bution in luminosity at the time of recording of tMd—ev  6.2%(i.e., current values are 3.2% higher than previous D@
andZ— ee candidates. measurements The luminosity measurement used by D@
It should be noted that CDF and previous D@ measureprior to the E811 result is described more extensively in Ref.
ments used different normalizations for luminosity. The CDF[43].
Collaboration bases its luminosity purely on its own mea-
surement of the inelastipp cross sectiorf39,42. As a re-
sult, current luminosities used by CDF are 6.2% lower than
those used by D@, and consequently all D@ cross sections The product of th&V boson cross section and the branch-

VIIl. THE CROSS SECTIONS AND THEIR RATIO

areab initio 6.2% lower than all CDF cross sections. Previ- ing fraction forW—ev is calculated using the relation

NW

o(pp—W+X)XB(W—ev)=

where NYY _ and N2, are the number ofN—ev and Z
—ee candidate events, respectivefxgCD andféCD are the

AL+ AY
obsx(l_f\gCD)_EWXNgbs(l_f(ZQCD) ;Ze.ez
ewXAwX | 1+ | x £

Aw

pb. The result for(pp—Z+ X) X B(Z—eeg) is 221+ 3(stab
+4(sysh+10(lum) pb. Figure 18 shows a comparison be-

fraction of thewW—er andZ— ee candidate events, respec- tween our results and calculations of ordérusing the pro-
tively, that come from multijeth quark, and direct photon gram of Ref.[9] with the CTEQ4M structure functions, 2

background sourcesy,, and e, are the efficiency forw

boson mass of 91.188 GeV Vdboson mass of 80.375 GeV,

—ev and Z—ee events, respectively, to pass the selectionand sirf 6,=0.2231. The D@ results in the muon chanf&l
requirementsA,, and A, are the geometric and kinematic are from run 1a1992-1993 and have been multiplied by

acceptance foW—er and Z—eeg, respectively, which in-
clude effects from detector resolutioA)y,, Ay.. and AY.
are the fraction oWW— rv, Z—ee, andZ— 77 events, re-
spectively, that passes thé— ev selection criteria; and is
the integrated luminosity of the data sample.

0.969 for consistency with the new luminosity normalization.
Figure 19 shows the run 1(1994-1995% results for the in-

dividual W and Z boson cross sections times electronic
branching fraction and the previous D@ results from run la
(1992-1993 [6] for both the electron and muon channels

The product of theZ boson cross section and the branch-compared to the corresponding theoretical predictions. The

ing fraction forZ—eeis determined from the relation

NZpeX (1= f&cp) (1= fpy)
fzxAz><»C !
(14)

o(PP—Z+X)XB(Z—ee) =

wherefpy is a correction for the Drell-Yan contribution
boson production. The rati® can therefore be written as

e A, 1 1 1 o

_tz "z obs(l_ fW )
Ew AW A_VWVT 1_féCD 1_fDY Ngbs QCb
Aw
_ (AZestAZD(1—fGcp) s
w Azx €z '

The uncertainties on the individual cross sections are
dominated by the uncertainty on the integrated luminosity Ny
measuremen#.3%). Tables V and VI summarize the results

for the individual cross sections. The result fe(pp— W
+X)XB(W—ev) is 2310+10(stah+50(sysh=+100lum)

run la results are normalized to the new luminosity for con-
sistency with run 1b results. Table VII summarizes the result

TABLE V. Values used in th&V—ev cross section measure-
ment.

o(pp—W+X)XB(W—ev) 2310+110pb
Uncertainty
Value contribution[pb]
NYE 67078 10
ew 0.671+0.009 30
Aw 0.465*0.004 20
f0co 0.064+0.014 35
(AZect AZ)IA; 0.133+0.034
€z 0.744+0.011
6co 0.045+0.005
621+ 155 6
AW IAy 0.0211+0.0021 5
L 84.5+3.6pb? 100
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TABLE VI. Values used in th&Z—ee cross section measure-

ment.
o(pp—Z+X)XB(Z—ee€) 221+11pb
Uncertainty
Value contribution[pb]
Nobs 5397 3
€ 0.744+0.011 3
A, 0.366+0.003 2
f&co 0.045+0.005 1
foy 0.012+0.001 <1
L 84.5+3.6pb? 10

PHYSICAL REVIEW D61 072001

o, B (pb)

la(e) la(n) 1b(e)

for the ratio of the cross sections;(pp— W+ X)XB(W

—ev)lo(pp—2Z+X)XB(Z—e#€). In the ratio, many of the

FIG. 19. Run 181992-1993[6] and 1b(1994—1995% results

systematic uncertainties, including the luminosity uncer-for theW andZ boson cross sections times branching fractions. The

tainty, cancel. The uncertainty iR has five main compo-
nents: the uncertainty in the multijel, quark, and direct
photon backgrounds to th& boson(1.5%); the statistics of
theZ boson samplél.4%); the uncertainty in the ratio of the
W and Z boson acceptancg$.8%); the uncertainty in the
ratio of theW andZ boson electron identification efficiencies

(0.6%); and the uncertainty in the multijel, quark, and di-

rect photon backgrounds to th# (0.5%. In addition, we
assign a 1% uncertainty i® due to next-to-leading-order
electroweak radiative corrections. The result/?s=10.43
.2Qsysh=0.1QNLO).

+0.15stay+0

IX. CONSISTENCY CHECKS

A. Cross sections from the individual cryostats

As a consistency check, we calculate iWeand Z boson

line is the theoretical prediction from R€®]. The central value
usesAocp=296 MeV and the CTEQ4M structure functions. The
shaded region shows the uncertainty in the prediction due to varia-
tions in o obtained by varying\ ocp between 213 MeV and 399
MeV. The run 1a results have been normalized to the new luminos-
ity to be consistent with run 1b results.

individually and compare the differences between them with
the uncorrelated uncertainties. The luminosity uncertainty is
100% correlated between the different cyostats and therefore

is not used in these comparisons. For the CC alone, the result
for o(pp— W+ X)X B(W—ev) is 2308+ 11(stah =51(sys)
+99(lum)pb. For the EC, the result is 2268716+121

+95 pb. The dominant uncertainties in the CC are the uncer-
tainty on the acceptance-21 pb); the uncertainty on the
efficiency (=31 pb; and the uncertainty from the multijda,

quark, and direct photon backgroud34 pb. The domi-

cross sections using the data from each calorimeter cryostatnt uncertainties in the EC are on the accept4n@d pb;
the efficiency(+41 pb; and the multijetp quark, and direct

pp — W+X - Iv+X

= DB© * DO ]
& CDF(e) © CDF(u)
_ « UAL v UA2 |

1
Center of Mass Energy (TeV)

photon background+112 ph. The uncertainties in the ac-
ceptances come from uncertainties in the calorimeter energy
scales(mostly uncorrelate assumptions on the distribution

of W and Z boson transverse momentufoorrelated, and
assumptions on the effects of final state radiatioorre-
lated. The systematic uncertainties in the efficiencies are

TABLE VII. Values used in the ratio measurement.

w
FIG. 18. Comparison between measured and predicted cross f\t/?VCD
sections. The lines correspond to a theoretical calculation of order
a2 using the program of Ref9] with the CTEQ4M structure func-

tions, aZ boson mass of 91.188 GeV,Vdl boson mass of 80.375

R 10.43+0.27
Value Uncertainty contribution

NUEINZ 12.43+0.18 0.15
ezl ew 1.108+0.007 0.06
AzlAy 0.787+0.007 0.09
(ASLAAYYIA, 0.133:0.034 0.03
0.064+0.014 0.16
foco 0.045+0.005 0.05
foy 0.012+0.001 0.01
AW/ Ay 0.21+0.002 0.02
NLO 1.00+0.01 0.10

GeV, and siA 6,=0.2231. The D@ results in the muon channel are
from Ref.[6] normalized to the new luminosity.
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mostly correlated. There is a statistical component that
would be uncorrelated, but we neglect it here and assume the
efficiencies are correlated. The uncertainties in QCD back- [
grounds are mostly uncorrelated between the CC and the EC. 2340
Using the full uncertainty in the backgrourithe uncertain- [
ties in acceptance and efficiency can be neglected for the
purposes of this comparisprwe estimate the difference be-
tween the CC and EC cross sections asfA09+117 pb.

Using only CC-CC combinations, the result for(pp
—Z+X)XB(Z—eg is 223+t4+4+10pb. For CC-EC
combinations, it is 2165+4+9pb. For EC-EC combina- I
tions, it is 235-10+5+10 pb. The dominant uncertainty in 2280
the CC-CC measurement is from the uncertainty on the lep-
ton identification efficiency3.5 pbh. The dominant uncer-
tainties in the CC-EC measurement are from lepton identifi-
cation(3.3 pb and QCD backgroun¢.3 pb. In the EC-EC [
measurements, lepton identification contributes 4.5 pb to the 22400' . é . "'t' : é . t'; . '1'0' : '1'2' -t
uncertainty, and QCD background contributes 2.5 pb. To es-
timate the errors on the difference, we assume that the effi- Instantaneous Luminosity (10* cm? s™)
ciencies are correlated. For the CC-CC measurement, the
background contribution is small. Because the CC-EC and FIG. 20. TheW—ev cross section versus instantaneous lumi-
EC-EC backgrounds both contain an EC electron Candidaté',OSity- The error bars are statistical only. The solid line is the result
we assume the background is 100% correlated. We therefofe™ summing over all instantaneous luminosities and the shaded
consider only the statistical uncertainty, and we ggt.cc band is the corresponding statistical uncertainty.

— OCC-EC 76 pb, Occ-cc Ogc-ECc — 12+11 pb, and
occec Oecec= —19=11pb.

2360

2320

2300

Gy + B (pb)

2260

T

| TS EPRrEre I
14 16 18 20

dominated by the uncertainties at 546 GeV. The luminosity
calculation at\/s=630GeV is described in Ref45]. The
integrated luminosity is 50515 nb 1. The cross section for
inclusive W boson production at this center-of-mass energy
To search for any dependences on luminosity, the data atgas previously been measured by the UQB| and UA2
divided into five subsamples according to the value of thg47] Collaborations. We use the saré—ev selection cri-
instantaneous luminosity when each event occurred so thaéria as was used for the measuremenf_s;t 1800 GeV, and

each subsample contains approximately one fifth of thgind a total of 130W—ev candidate events, 119 of which
events. The mean values of the instantaneous luminosity for

each sample are 3.33, 5.40, 7.24, 9.43, and 13.29 249
X 10®%cm~2s"1. For each subsample, the electron identifica-
tion efficiencies; the integrated luminosity; and the back- 235 |
grounds from multijet,b quarks, and direct photons were i
re-calculated. The electron identification efficiency Yébo-

son events for the highest luminosity bin is 17% lower than
that for the lowest luminosity bin, and the multijet back-
ground is 2% larger. Figures 20 and 21 show Weand Z
boson cross section, respectively, as a function of luminosity.
Figure 22 shows the ratio of cross sections in the five bins of » 220
instantaneous luminosity. The observed cross sections ancg® :
their ratio do not appear to depend on instantaneous luminos- 215 |
ity, as the data are statistically consistent with no luminosity [
dependence. 210 |

B. Dependence on instantaneous luminosity

230 |

225 |

B (pb)

X. o(pp—W+X)XB(W—ev) AT \/s=630GeV 205 |

P WS

1
16 18 20

1 Lo s

2 14

Instantaneous Luminesity 10* em? s

We measure th&/—ev cross section using data from a T
short Tevatron run at a center-of-mass energ 200 e s 101
=630 GeV[44]. The integrated luminosity is calculated in
the same way as for thés=1800 GeV sample, except that
we use values ofrsq, 0qq, andong Which correspond to a FIG. 21. TheZ— eecross section versus instantaneous luminos-
center-of-mass energy of 630 GeV. These values are oy, The error bars are statistical only. The solid line is the result
tained by interpolating between the measured valuegsat from summing over all instantaneous luminosities and the shaded
=1800 GeV and at/s=546 GeV, and their uncertainties are band is the corresponding statistical uncertainty.
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FIG. 23. The efficiency for the electron identification criteria in

FIG. 22. The ratlo_a(pp—>W+X)><B(_W—_>ev)/a(pp—>z the CC and EC. Each is measured as a function of the energy
+X) XB(Z—e€) versus instantaneous luminosity. The error bars o . .
density in the event for events containing no jets wify

are_statlstlcal only. Th_e so_ll_d line is the result from summing over>25 GeV as evaluated using thé—ee sample taken ab/s
all instantaneous luminosities and the shaded band is the corre- 1800 GeV. Th densitv of th e takeysat
sponding statistical uncertainty. = ev. The mean energy density of the sample takeysa

=630GeV is 1.3 GeV/¢.

have their electron in the CC calorimeter.

Since the 630 GeV data sample contains very 2w foco=(P®YPY (a7 03 (03" o7™), whereP is the
—ee candidates(approximately 1) we do not use this Probability for a jet to fake an electrom; is the cross sec-
sample to obtain the electron identification efficiency. In-tion for jets with smearepr>25GeV, ando,, is the W
stead, we extrapolate the efficiency from the 1800 Ge\boson cross section. TRETRAD [48] program together with
sample. The efficiency depends on the number of jets in th@ parametrization of the response of the detector has been
W—ev event and on the ambient energy in the event. Théhown to be in good agreement with the da@]. Using this
130 events from theW—er sample taken atys Program, we find &7°%op>) (037 07%°9)=0.28+0.11 and
=630GeV, contain no jets wittEr>25GeV. Figure 23 P®YP'8°=15, giving f3C,=0.016-0.012. The uncer-
shows, for thewW—ev sample taken at/s=1800GeV, the tainty is dominated by the uncertainty in the jet cross section
electron identification efficiency for events without jets with from JETRAD. The fraction of the candidates from the other
E;>25GeV as a function of the mean energy per unit ofsources of backgroundN— 7v,Z—eeZ— r7) is assumed
rapidity and per unit of azimuthal angle The data sample to scale in the same way as the signal with center-of-mass
taken at\s=630GeV has a mean energy density of 1.3€nergy. Since 62¥ boson events are expected to fake
GeV/yl¢, whered is in radians. We fit the curve from the Poson events at 1800, we expect 82130/67078-1.2
1800 GeV data to a first-order polynomial and use the fit to*0.3Z boson events to pass th boson selection at 630
extrapolate to this energy density to obtain the efficiency ofceV.
the electron identification requirements. We obtain an elec- Table VIl and Figs. 24 and 18 summarize our result. The
tron identification efficiency of 0.8080.024, where the un- result for o(pp—W+X)xXB(W—ev) is 658£58(stap
certainty comes from the uncertainty in the fit. The efficiency*34(sysipb, where the systematic uncertainty includes a
of the L@ trigger forW boson events relative to that for 3.0% uncertainty in the integrated luminosity.
minimum bias events is also scaled from the result at 1800
GeV. The L@ trigger efficiency for minimum bias events at XI. THE ELECTRONIC BRANCHING FRACTION,

1800 GeV is 0.905 and at 630 GeV is 0.823. TWeboson WIDTH, AND INVISIBLE WIDTH OF THE W BOSON
efficiency is scaled by the ratio of these two numbers and is ) _
0.897+0.009. Using the resultso(pp—W+X)XB(W—ev)=2310

The kinematic and fiducial acceptance is evaluated using 10+50+100pb,  o(pp—Z+X)XB(Z—e€=221+3
the same simulation as was used for the measurement at#~ 10pb, andR=10.43+0.15+0.20+0.10, we can deter-

1800 GeV. The fraction ofV—ev events passing our fidu- mine the electronic branching fraction of thi¢ boson via
cial and kinematic requirements at 630 GeV is 0.521013.

The background from multijetsy quarks, and direct pho- B(W—ev)=RXB(Z—ee) Tz (16)
tons is calculated by scaling the 1800 GeV result, using Ow
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TABLE VIII. Values used in theN— ev cross section measure-

ment at 630 GeV.

PHYSICAL REVIEW D 61 072001

TABLE IX. Comparison of the current run 1(1994-199%
measurement to the run 18992-1993 measurement.

o(pp—W+X) XB(W—ev) 658+67 pb
NY 130
ew 0.799+0.024
LR 0.897+0.009
Aw 0.521+0.013
Z boson background 1#20.3
(Aot AZD)IA; 0.133+0.034
foco 0.016+0.012
Al Aw 0.021+0.002
L 505+15nb !

Using B(Z—ee)=0.03367-0.00006 [50] and oy/oz
=3.362+0.053 [9], we get B(W—evr)=0.1044+0.0015
(stah* 0.0020sysh+0.0017otheh+=0.001GNLO), where

Correlated Uncorrelated

Data period R uncertainty  uncertainty
1a, electron13 pb %) 10.82 0.137 0.533
1a, muon(11 pbY) 11.8 0 2.110
1b, electron(84.5 pb'})  10.43 0.137 0.235

ties (within 1.1 sigmag so we set a 95% confidence level
upper limit on theW boson width to non-standard-model
final stateq"“invisible width” ). Assuming the uncertainty is
Gaussian, removing the unphysical region where the invis-
ible width is negative, and integrating to 95% of the remain-
ing area, we set a 95% confidence level upper limit on the
invisible partial width of thew boson of 0.213 GeV.
We combine our run 1161994—-1995% result with the D@

the next-to-last source of uncertainty comes from uncertainresults from run 141992-1993[6] for R. Table IX com-

ties inB(Z—ee¢) and inoy/o,. The standard model pre-
diction is B(W—ev)=0.1084+0.0002. Assuming the stan-

dard model prediction for the electronic partial width2270
+0.0011 GeV[51]), we can calculate th&V boson width
rw=r§/B(W—ev) as 2.16%0.03%sta)=0.042(sysb

+0.041(othep=0.022ZNLO)GeV, to be compared with the-

standard model prediction df\,=2.094+0.006 GeV[51].

pares the two measurements. Because most of the systematic
uncertainties in the run 1a measurement in the electron chan-
nel were dominated by the statistics of the sample used to
evaluate the uncertainty, the 1a and 1b measurements in the
electron channel are mostly uncorrelated. Only the accep-
tance, the Drell-Yan correction, and the NLO uncertainties
are correlatedwe have added the same 1% NLO uncertainty

The difference between our measured value and the standal@the 1la result The measurements in the muon and electron

model prediction, which is the width for th&/ boson to

channels are uncorrelated. With this assumption, we get

decay to final states other than the two lightest quark douR=10.51+0.25,I"y=2.152+0.066 GeV, and a 95% confi-

blets and the three lepton doublets,

is thus 0.007%lence level upper limit on the invisible width of 0.191 GeV.

+0.070 GeV. This is consistent with zero within uncertain- Table X summarizes our results.

Vs =630GeV
UA1 (1987) |
UA2 (1992) |
D@ (1999)
TR NI NI TN i
0.5 0.6 0.7 0.8
Total o, _, ., (nb)

FIG. 24. Measurements of th4 boson inclusive cross section
times electronic branching fraction at a center-of-mass energy oRatioR
630 GeV. Our result is in good agreement with previous measureB(W— ev)
ments from the UA146] and UA2[47] Collaborations. The shaded T

band is a NLO prediction from the code of RéB] with the

XIl. CONCLUSIONS

We have presented new measurementso¢pp— W
+X)XB(W—ev) and o(pp—Z+X)XB(Z—ee€) using
84.5 pb! of data. We determinar(pp— W+ X)X B(W
—er)=2310=110pb and o(pp—Z+X)XB(Z—e€)
=221+t 11pbh. The uncertainty in these measurements is
dominated by the luminosity uncertainty. From these mea-
surements, we have derived the rale=10.43+0.27 and a
new indirect measurement of the totl boson width,I'yy
=2.169+0.070 GeV. We obtain a 95% confidence level up-
per limit on the invisiblewW boson width of 213 MeV. Com-
bining these results with those from the 1992-1993[&in
we determineéR =10.51+0.25,T",=2.152+ 0.066 GeV, and

TABLE X. Results.

1b la+1b combined
(84.5 pb'h) (13+11+84.5pb})
10.43+0.27 10.5%0.25
0.1044+0.0032 0.1050.003
2.169+0.070 GeV 2.1520.066 GeV
95% C.L. upper 0.213 GeV 0.191 GeV

CTEQ2M parton distribution functions, Zboson mass of 91.190 limit 'y’

GeV, aW boson mass of 80.23 GeV, and #jf=0.2259.
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a 95% confidence level upper limit on the invisible width of about diffractiveW and Z boson production. We thank the

0.191 GeV.
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