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Abstract

During the 1992 running periodof the LEP e~e collider, the DELPHI experiment
accumulatedapproximately24 pb’ of dataat the Z°peak. The decaysinto hadrons
andchargedleptonshavebeenanalysedto give valuesfor thecrosssectionsandleptonic
forward—backwardasymmetrieswhich are significantly improvedwith respectto those
previouslypublishedby the DELPHI collaboration.Incorporatingthesenew data,more
precisevaluesfor the Z° resonanceparametersare obtainedfrom model—independent
fits. The resultsare interpretedwithin the frameworkof the StandardModel, yielding
for the topquarkmassmt = 1 57~(expt.) ~ (Higgs) GeV,and for the effectivemixing
angle sin2O~’= 0.2328±o.Ool3(expt.Y~gggg~(Higgs),where (Higgs) representsthe
variation due to Higgs bosonmass in the range 60 to 1000 GeV, with central value
300 GeV.

1. Introduction

During 1990 and 1991 energyscansaroundthe position of the Z°resonance
were performedat LEP. Thesedata havebeencarefully analysedand, using
the precisemeasurementsof the LEP energy [1], the DELPHI collaboration
haspublishedaccuratedeterminationsof the Z0 resonanceparameters[2].



RAPID COMMUNICATION

Delphi Collaboration INuclearPhysicsB 418 (1994)403—427 409

The analysisof the 1992 datais reportedhere.All the datawere takenat an
energycloseto theZ°peakandthereforeaddlittle to the determinationof the
massandwidth of the resonance.However, the largeincreasein statisticsand
the reductionof somesystematicerrorsallow significantly improved determi-
nationsof the crosssectionsand leptonic forward—backwardasymmetriesat
the peak.

Following the recommendationof the Working Groupon LEP Energy [3] a
singlecentreof massenergywas usedfor the 1992 data.Eachfill was assigned
an energybasedon the measuredmagneticfield in a referencemagnet.An
averageof theseenergies,weightedby the integratedluminosity of each fill,
was then calculatedand an offset derived from the resonantdepolarisation
measurementswas applied [31. The result is avalueof

Ecms = 91.280±0.018GeV.

The energyspreadof particlesin the beamsleadsto an rms spreadof centre-
of-massenergiesof 51 ±5 MeV [3]. Smallcorrectionsfor this effect havebeen
applied to all the crosssectionsreportedhere.The dataanalysedcorrespond
to an integratedluminosity of approximately24 pb’.

This paperis organisedas follows. Section2 containsabrief descriptionof
the componentsof theDELPHI detectorrelevantfor this analysis.In section3
the luminosity measurementis describedand in section4 the hadronicevent
selection and cross section determination.Section 5 containsa description
of the event selections,and cross sectionand forward—backwardasymmetry
determinationsin the channelse+e, ~v~u and~v, as well as the resultsof
an inclusive leptonselection.Section6 reportson fits to the combined1990,
1991 and 1992 dataof theDELPHI collaboration,and in section7 the results
are interpretedwithin the framework of the StandardModel. Section8 gives
asummaryof the results.

2. The DELPHI detector

A detaileddescriptionof the DELPHI detectorcanbe found in ref. [4]. In
the barrel region the trajectoriesof chargedparticlesin the 1.2 T solenoidal
magneticfield are measuredusing (in order of increasingdistancefrom the
beams),the silicon MicrovertexDetector (VD), the Inner Detector (ID), the
Time Projection Chamber(TPC) and the Outer Detector (OD). In the for-
wardregion trackreconstructionis complementedby the drift chambersA and
B (FCA andFCB). Electromagneticenergyis measuredby the High Density
ProjectionChamber(HPC) in the barrel andby leadglass detectors(FEMC)
in the forward regions.The return yoke of the solenoidis instrumentedas a
hadroncalorimeter (HCAL) and drift chambersfor muon identification sur-
roundboth the barrel (MUB) andforward (MUF) regions.A lead-scintillator
calorimeter(SAT) detectsBhabhascatteringeventsat smallangleand is used
to measurethe luminosity. The readoutof the detectoris triggeredby redun-



RAPID COMMUNICATION

410 Delphi Collaboration/NuclearPhysicsB 418 (1994)403—427

dantcombinationsof signals from scintillators, from the tracking chambers
and from the calorimeters.

The responseof the detectorto physics processeswas modelledusing the
simulationprogram DELSIM [5], which incorporatesthe resolution,granu-
larity andefficiency of the detectorcomponents.Simulateddatawere passed
throughthe samereconstructionandanalysischainsas the real data.

3. The luminosity measurement

The luminosity measurementin 1992 was basedon the SmallAngle Tagger
(SAT). This calorimeterdetectedBhabhascatteringeventsin the polar angle
range43 to 135 mrad.The acceptancewas definedby an accuratelymachined
maskin front of one of the calorimeters.The original lead maskwas replaced
for part of the 1992 running by oneof tungsten,which could be machinedto
tighter tolerances.In addition, the new mask extendedto smaller radii, thus
preventing electronsfrom enteringthe calorimeterunder the ring mask. An
additional leadmaskcoversthe ±150 in azimutharoundthe vertical junction
of the calorimeterhalf-barrels.A lead cylinder preventedelectronsentering
the unmaskedcalorimeterat small angles,and so the spurioushigh energy
deposits seenpreviously [21 were eliminated. The luminosity trigger was a
coincidenceof energydepositionsof more than12 GeV coplanarwithin ±20°
in eachof the calorimeters.Studieswith a singlearm trigger showedthat the
trigger efficiency was essentially 100%. As in our previousanalysis [2] the
selectedevents had energygreaterthan 0.65 Ebeam in each calorimeterand
azimuthalangleof the showercentroid greaterthan8°from the vertical axis.

Severalsourcesof systematicerror were reducedin the 1992 data. The
geometricaldefinition of the maskswas morepreciselyknown andthe events
with spurioushigh energydepositswereeliminated.In addition,the useof the
silicon tracker [21allowedthe acceptancebordersof the unmaskedcalorimeter
to be morepreciselydefined.The systematicuncertaintyon theacceptedcross
sectionwas estimatedto be ±0.38%.This is lower than the±0.5%uncertainty
of the 1991 luminosity andcontainsacomponentof ±0.31%in commonwith
it, andwith that of 1990.

The theoreticalcrosssectionwas calculatedon the basisof detailedsimula-
tions usingthe eventgeneratorBHLUMI [6] andthe uncertaintywas takento
be 0.25%. The total experimentalandtheoreticaluncertaintyon the luminosity
is estimatedto be ±0.46%,containing a componentof ±0.40%in common
with that of 1991 andof 1990.

The Very SmallAngle Tagger (VSAT), which coversthe polar angleregion
5 to 7 mrad,was usedin the on-line monitoringandfor consistencychecks.It
was not usedin the luminosity measurement,since the determinationof the
absoluteacceptancewas less precise.
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4. Hadronic event selectionand cross section

As in our previousanalysis [2] the hadroniceventselectionwas basedon
chargedparticle tracksonly. Thesewererequiredto haveamomentumgreater
than0.4 GeV anda polar anglebetween20°and 160°.For an eventto be
accepted,the chargedmultiplicity, N~h,was required to be greaterthan 4
and the chargedenergy,E~h,greaterthan 12% of the centre—of—massenergy.
However,becauseof moreefficient trackreconstructionin theforwardregion,
an additionalselectionwas necessaryto reducethe backgroundfrom the e+e
channel.For eventswith NCh less than11, it was requiredthat

a.JEL + E~Ck< 0.9 Ebeam,

whereEforw and Eback are respectivelythe energiesrecordedin the forward
and backwardsectionsof the FEMC electromagneticcalorimeter.With this
condition about0.3%of the selectedeventswererejected,whereassimulation
indicatesthat only 0.04% of e~e—~ q~would be rejected.The uncertainty
due to this selectionis estimatedto be ±0.02%.

The selection efficiency determinedfrom simulationwas (95.00±0.11)%.
The uncertaintywas reducedcomparedto our previousanalysis [2] by using
the JETSET 7.3 parton showergenerator [7] with different sets of tuning
parameters.The trigger efficiencywas determinedfrom the databy comparing
setsof independenttriggersand was foundto be greaterthan99.99%.

The significant backgroundsare from e+e t+r,e+e and two-photon
events.The r backgroundwas estimatedby comparingvariousdistributions
(e.g. thrust,chargedenergy,invariantmassesper hemisphere1) of the selected
data for low multiplicities (N~hless than9) to the correspondingonesfrom
simulation of q~,v~r and e+e events.The v’~r backgroundwas found
to be (0.58±0.05)%.The backgroundfrom e~efinal stateswas estimated
from simulationusingthe BABAMC generator[8] to be (0.06±0.02%).The
two-photonbackgroundwas foundto be 13 ±4 pb basedon simulationusing
a generatorincluding quark—parton, QCD and vector dominancecontribu-
tions [9]. Other backgroundssuch as ~t~u events,beam-gasor beam-wall
interactionsandcosmic showerswerenegligible (less than0.5 x l0~).

A total of 696543 events was selected,correspondingto an integratedlu-
minosity of 23.955 pb’. The overall uncertainty of the hadronic selection
amountsto 0.13%, of which 0.08% are commonto the uncertaintiesof the
1990 and 1991 analyses[2].

The resultingcrosssectionover 4ir solid angleis

= 30.440±0.053(stat.)±0.040 (syst.) nb.

The systematicuncertaintydoesnot include the contributionfrom the lumi-

nosity measurement.This result is shown in Fig. 1 togetherwith previously
In this paper,hemispheresaredefinedby a planeperpendicularto thethrust axis.
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Fig. 1. Hadroniccrosssectionsfrom 1990, 1991 and 1992 data. Theerrorsshownare statistical
only. The uncorrelatedsystematicerrorbetweenthe 1990 and1991 resultsamountsto 0.6%and
that betweenthe 1992 and 1990/91 results 0.30%. In (a) the dataareshowntogetherwith the
resultof the 5-parameterfit describedin section6. Plot (b) showstheratio of the measurements
to the best fit values.

publishedDELPHI results [2], and comparedwith the 5-parameterfit de-
scribedin section6.

The event samples, acceptances,efficiencies, backgroundsand systematic
errorsin the hadroniccrosssectionof the 1992 dataare summarizedin Table
I together with the samequantitiesfor the leptonic cross sections, and the
leptonicforward—backwardasymmetries.

5. Leptonic eventselections,crosssectionsand forward—backwardcharge
asymmetries

Crosssectionsand forward—backwardasymmetrieswere determinedin the
channelse+e, ~L+u and r~t as well as in the inclusivelepton channel.In
generalthe techniquesweresimilar to thoseusedin our previousanalysis[2],
but any differencesarepointed out in the following sections.

5.1. Thee~echannel

As in ref. [2], two differentmethodsof eventselectionwereusedin order to
increasethe overall efficiencyandto allow abetterdeterminationof systematic
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uncertainties.In eachmethod,both the electronandthe positronwererequired
to be within the range44°<0 < 136°,where0 is thepolarangleof the particle
with respectto the direction of the electronbeam,and the acollinearitywas
requiredto be smallerthan 10°.

In method 1, the selection relied on large energydepositsin the barrel
electromagneticcalorimeter (HPC) and low chargedmultiplicity as indicated
by the trackingdetectors.Eventsfrom the reactione+e —÷ yy werecompletely
eliminatedby the requirementof hits in the VD consistentwith a final state
containingat leastonechargedparticleper hemisphere.The efficiency of this
selectionwas determinedfrom a sampleof simulatedeventsproducedusing
the BABAMC [8] generatorand was found to be (89.42±0.38)% in the 0
acceptanceregion.This loss is mainly due to the fiducial cuts of the regions
in azimuthalanglewherethe HPC hasgapsbetweenmodules.

In method2, two independentselectionswere used,onerelying on the VD
and the HPC and the secondusing informationfrom the tracking detectors
(other thanVD), including ionization informationfrom the TPC and the hit
patternsin the OD. After correctionfor background,the efficiency of each
selection and of the logical OR of the two could be determinedfrom the
data,the latterbeingfound to be (97.26±0.35)%in the 0 acceptanceregion.
Both efficiencies do not include the loss dueto the exclusionof the 4°polar
angle region around90°which amountedto 4.4%, as computed using two
independentprogramsALIBABA [10] andTOPAZO [11].

The trigger efficiency was determinedfrom the data by comparingsetsof
independenttriggersandwas found to be greaterthan99.99%.

The only significantbackgroundin eachselectioncamefrom x~r eventsand
was estimatedby simulationusingthe KORALZ [121 generator.It was (1.55±
0.05)% and (1.23±0.04)% for method 1 and method 2 respectively.After
correction for backgroundsand efficienciesthe two methodsgaveconsistent
resultsand the arithmeticmeanof the two was used.

A total of 21 351 e+ e events were used in the method 2 analysis. This
yielded a cross section in the angularrange 44°< 0 < 136°and with an
acollinearityless than 10°of

Ue(5 + t) = 1.0436±0.0072(stat.)±0.0036 (syst.) nb.

In order to allow fitting of the resultsby the ZFITTER ‘[13] package,the
t-channelexchangeand its interferencemustbe subtracted,and the accepted
polar anglemustbe definedby the electrononly. Correctionsfor both effects
were computedusingthe programsALIBABA [10] andTOPAZO [111. After
thesecorrectionsthe s-channelcrosssection in the angularrange44°< 0 <
136°was found to be

ae (s only) = 0.9182±0.0072(stat.)±0.0054(syst.) nb.

The systematicerror doesnot includethe error dueto the luminosity and it
hasa componentof 0.0038nb commonto the dataof 1990 and 1991.
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The sampleof events used for the cross section measurementswas also
usedto determinethe forward—backwardasymmetry.In this analysisa new
methodhasbeenusedto determinethe particlecharge,basedon the difference
in azimuth between the VD track and the most energeticHPC cluster in
the same hemisphere.With this method the ambiguousevents (i.e. those
having two tracks with the samesign or having a numberof tracks different
from two in the TPC) could be resolved,and the effects of possible wrong
chargeassignmentson the asymmetryresultwereevaluatedas being ±0.0022.
Anothercontributionto the systematicerror on the asymmetrywas dueto the
acceptancedefinition and was estimatedto be ±0.0011. The e+e asymmetry
in the angularrange44°< 0 < 136°was found to be

4B(S + t) = 0.1177±0.0069 (stat.)±0.0025 (syst.).

Correctingfor the t-channeland interferenceeffects, and for the requirement
that only the electronbe in the acceptance,the s-channele+e asymmetryin
the angularrange44°< 0 < 136°was deducedto be

A~B(sonly) = 0.0206±0.0079 (stat.)±0.0030(syst.).

The systematicerror includeseffects dueto the LEP energyandthe t-channel
subtraction,andcontainsa componentof 0.0024in commonwith the dataof
1990 and 1991.

5.2. The u~,tCchannel

The selectionprocedurefor the e+e ~ ~i~u candidates was similar to that
describedin ref. [2]. The polar anglerangefor the determinationof the cross
sectionwas20°< 0 < 160°.Eventswere requiredto havetwo chargedparticles
each of momentumgreaterthan 15 GeV, and with maximumacollinearity
increasedto 20°.It was requiredthat eachof the particlesbe identified as a
muon. Identification was achievedby requiring associatedhits in the muon
chambersMUB or MUF, or by energydepositionsin the hadroncalorimeter
HCAL, or the electromagneticcalorimetersHPC or FEMC, consistentwith a
minimumionizing particle.A total of 31 044eventspassedtheseselections.The
inefficiency of the eventselectiondueto the tracking detectorswas estimated
from the data itself, supplementedby the study of a sampleof simulated
eventsproducedusing the DYMU3 [141 generator.The muon identification
efficiency was determineddirectly from the data. The overall eventselection
and identification probability was found to be (94.63±0.30)%.The trigger
efficiency was computedby comparingsetsof independenttriggers and was
found to be (99.87±0.08)%.

The significant backgroundswere from the ~r4~ final stateandfrom cosmic
rays. The r~t backgroundwas determinedfrom Monte Carlo simulation
using theKORALZ [12] generator,andalsoby studyingvariablesin thedata
which are sensitiveto this background.It was found to be (2.00±0.20)% in
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the selectedsample.The cosmic ray backgroundwas determinedby studying
eventswhich originatedclose to the interactionpoint, but outsidethe limits
allowedfor selectedevents,andwas found to be (0.15±0.05)%.

After subtractionof backgroundsandcorrectionfor inefficiencies, the cross
section for the eventsin which the negativemuon was in the angularrange
20°< 0 < 160°andwith the cuts on momentaandacollinearitygiven above
was foundto be

= 1.3450±0.0076 (stat.)±0.0054 (syst.) nb.

The systematicerrordoesnot includethatdueto the luminosityandis common
to the dataof 1990 and 1991.

For the asymmetrymeasurement,the angularrangewas extendedto 11°<
0 < 169°since an absolutenormalization was not required. With the same
cuts on momentaandacollinearityas for thecrosssection,32 382 eventswere
selected.By simulationit wasestimatedthatthesamplecontainedabackground
of (2.00±0.20)% of r~v events,howeverthesedo not bias the asymmetry.
A cosmic ray study similar to the oneusedfor the crosssectionshowedthat
the samplecontained(0.14±0.05)% backgroundfrom this source,but with a
negligible effect on the asymmetry.Significant systematicerrors arising from
asymmetriesin the detector,from the measurementof polar angleand from
possibleangle-dependentmomentumacceptances,were determinedfrom the
data and were found to give an overall systematicerror of ±0.0010,which
canbe consideredas commonto the dataof 1990 and 1991. The asymmetry,
correctedto the full angularrange,but not for the momentaandacollinearity
cutswas determinedby a maximumlikelihood fit to the lowestorder form of
the angulardistribution, andwas found to be

= 0.0056 ±0.0053 (stat.)±0.0010 (syst.).

5.3. The z~vchannel

The selectionof tau pair candidatesfollowed quite closely the analysisof
the 1991 datasampledescribedin ref. [2] but with severalimportantchanges
which are describedbelow.The eventswererequiredto be of low multiplicity
andto consistof two well-isolatedjets. The thrust axis, computedusingboth
chargedandneutralenergy,hadto lie in the polarangleinterval43°< 0 < 137°
as did the highestmomentumparticle in atleastoneof theeventhemispheres.
Furthermore,events were rejectedif the highestmomentumparticle in both
hemisphereswere reconstructedin the polar angle interval 88°< 0 < 92°,
where the track reconstructionefficiency is not well modelledby the detector
simulation. A new featureof this analysiswas the reconstructionof photons
which convertedbeforethe TPC.The effect of this was to increasethe number
of tau pairs which satisfiedthe chargedparticlemultiplicity andjet isolation
requirementsafter the conversionpair trackswere replacedwith a photonof
the appropriateenergy.
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The radial momentumvariablePrad (definedas Frad = (F? + P~)“2/Pbeam,
with P

1 andP2 the momentaofthe highestmomentumchargedparticle in each
hemisphere)andthe radial energyErad (definedas Erad = (E~+ E~)”

2/Ebeam
whereE

1 and E2 arethe energiesdepositedin the electromagneticcalorimeters
inside a 30°half-anglecone aroundthe direction of the thrust axis in each
hemisphere)were both required to be less than some maximum allowed
value which dependedon several other featuresof the event. The radial
momentumhad only to be less than unity (as in the analysisof the 1991
data) if the eventwas consistentwith being amuonpair by requiring that the
highestmomentumparticle in at least one of the hemispheressatisfiedvery
similar muon identification criteria to those describedin the subsection5.2
above.This removesasystematicbiasin the determinationof the background
from e+e ~ e+e— events due to the difficulty in precisely simulating the
momentumspectrumof high energyelectronsin the detector.Theradial energy
selectiondependedon the proximity of the highestmomentumparticlein each
hemisphereto the boundariesbetweenadjacentHPC modules (at intervals
of 15° in azimuthal angle), where a substantial fraction of the deposited
energywas lost. If the entry point of the extrapolatedtrajectoriesof both
theseparticleswas more than 1.5°from the nearestboundarythen the radial
energywas required to be less than0.9, otherwiseit had to be less than0.6.
This requirementwas more severethan in the analysisof the 1991 data [2]
becausethe radial momentumselectionwas no longereffective in eliminating
the e+e— ~ e+e eventsfrom the tau pair sample.

These cuts efficiently removed most of the potential backgroundsfrom
hadronicZ°decays,two-photonevents, ~~tr ande+e events.Cosmicray,
beam-gasand beam-walleventswere removedwith tight cuts on the impact
parametersof tracksrelative to the averageinteractionpoint. A total of 16 919
eventswere selectedfor the crosssectionandasymmetrymeasurement.

Thetaupair selectionefficiencywas determinedfrom MonteCarlo simulated
data producedusing the KORALZ [12] generator.After applying a small
correction for the imperfect modelling of the loss of chargedparticlesin the
azimuthaldeadregionsof the TPC andasmall smearingof the Monte Carlo
momentumandHPC energydistributions,the selectionefficiency,defined as
the numberofeventsselecteddividedby thetotalnumberof taupairsgenerated
in 4ir solid angle,was (48.01±0.16)%,wherethe errorquotedis solely dueto
the Monte Carlo statistics.The trigger efficiency was calculatedby examining
a set of independenttrigger componentsand foundto be (99.98±0.01 )%.

The most significant contributions to the systematicerror on the tau pair
selection efficiency are the TPC track loss correction, the smearingof the
MonteCarlo momentum,the HPC energyresponseandthe radial momentum
andenergycuts. Othersmaller sourcesof systematicerrorsare the choiceof
the radial impactparametercuts, the effect of identifying convertedphotons,
andthe tau polarisationandbranchingratio valuesusedin the eventgenerator.
The total error on the crosssectionfrom the selectionefficiencydetermination
was 0.58%, which includesthe Monte Carlo statisticalerror.
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All backgroundswere estimatedusingMonte Carlo simulations.Thevarious
correctionsand smearingsto the Monte Carlo samplesdescribedabovewere
takeninto accountin thesecomputations.Thebackgroundsampleswere gener-
atedwith BABAMC [8] (eke), DYMU3 [14] ~ JETSET7.3 Parton
Shower [7] (q~)and the generatorof ref. [9] for the two-photonprocesses.
By applying the tau pair selection cuts to the simulated data the resonant
backgroundsfrom e+e—, ~ andhadronicfinal stateswere observedto be
(1.14±0.15)%, (0.46 ±0.07)% and(0.84±0. 15)%respectivelyof the selected
tau pair sample.The non-resonant2-photonbackgroundwas estimatedto be
3.3±0.9 pb, with thedominantcontributionscoming from e+ e e+ee+e
ande+e— e+e,u~jc.The residualcosmicray backgroundwas estimatedto
be (0.11±0.05)%. The total error on the crosssectiondueto the background
subtractionwas 0.26% and the overall systematicerror on the cross section
was 0.63%.

After subtractionof the backgroundsandcorrectionfor selectionefficiency,
the crosssectionin 4ir solid anglewas foundto be

a1 = 1.491±0.012 (stat.)±0.009 (syst.) nb.

The systematicerror doesnot includesthatdueto the luminosity andincludes
a componentof 0.007nb commonto the dataof 1990 and 1991.

The asymmetryanalysiswas carried out in the samepolar angle range as
the cross section. The forward or backward scatteredevents were defined
using the polar angleof the thrust axis and the charge sum of particles in
eachhemisphere.There were 231 (228) eventsin which the chargesum in
both hemisphereswas positive (negative)and thesewere discardedfrom the
asymmetrymeasurement.Finally, 369 events which did not belong to the
I—N (N = 1, 2, 3,4,5) or 3—3 topologieswere rejectedsince the hemisphere
chargedeterminationin thesecaseswas not reliable (the numbersdefining the
topologiesrefer to the numberof chargedparticlesin eachhemisphere).The
forward—backwardasymmetry,calculatedby the maximumlikelihood method
using the lowest order form of the angulardistribution, taking into account
the angulardistributionof the background,was foundto be

A~B= 0.0092±0.0088 (stat.)±0.0017 (syst.),

correspondingto 4ir solid angle.The systematicerror includesthe uncertainty
on the e~e subtraction,the contributionfrom the chargemisidentification
probability determinedfrom the numberoflike-sign taupairs andthe estimate
of the effect of neglectingQED radiative correctionsto the fitted angular
distribution. A componentof 0.0010 of the systematicerror is commonto the
published1990 and 1991 data.



RAPID COMMUNICATION

418 Delphi Collaboration /NuclearPhysicsB 418 (1994)403—427

5.4. Theinclusivelepton channels

As in our previousanalysis [2] a flavour-independentanalysiswas carried
out in order to provide a cross check on the leptonic analysesdescribed
above. The event selection procedurewas the same as for the 1991 data,
that is, eventswere requiredto havebetween2 and 6 chargedparticleswith
momentumgreaterthan0.2GeV, with atleasttwo lying in thepolar anglerange
43°<0 < 137°.At leastonehemispherewas requiredto containonecharged
particle,and the other between1 and 5 chargedparticles.The acollinearity,
definedby the isolated track and the resultantmomentumof the group of
particlesin the other hemisphere,was requiredto be less than20°and one
particle in the eventwas requiredto havemomentumgreaterthan3 GeV. A
total of 65 200 eventswas selected.

For e+e and ~ within the acceptedpolar anglerange, the selection
inefficiency was determinedprincipally by two sources:loss of thoseparticles
passingthrough insensitive regions of the TPC, and failure to reconstruct
a particle passingthrough the sensitiveregion. Both of theseeffects were
measuredfrom the datausingeventsidentifiedas beingof thesetypes.The dead
regionsof the TPC were foundto give a track inefficiencyof (4.87±0.l4)%.
Within the sensitiveregion the track loss was foundto be (0.30±0.20)% for
muonsand (0.86±0.20)%for electrons.The overall selectionefficiencieswere
therefore (94.83±0.24)% for v’~~events and (94.27±0.24)% for e~e
events.

For the i + — channela sampleof Monte Carlo eventsproducedusingthe
generatorKORALZ [12] was usedto determinethe efficiency. The resultwas
an eventselectionefficiencyof (57.40±0.43)%,correspondingto eventsover
the full solid angle.

The trigger efficiency was takenas the averageof thosedeterminedfor the
flavour separatedchannels,weighting by the estimatednumberof eventsof
eachtype in the selectedsample.It was foundto be (99.95t~?~)%.

The significant sourcesof backgroundwere from cosmic rays, from two-
photonprocessesand from hadronicdecays.The cosmic ray backgroundwas
estimatedfrom the distribution of impact parameterswithin the data and
was foundto be (0.52±0.03)%.The other backgroundswere estimatedfrom
simulated samples. The cross section for two-photon processeswithin the
acceptancewas found to be 5.8±0.3 pb and the backgroundfrom hadronic
decayswas estimatedto be (0.14±0.02)%.

The t-channelcontribution in the e+e channelwas subtractedin asimilar
mannerto that describedin subsection5.1, taking accountof the fraction of
e+e eventsin the sample.The correspondinguncertaintywas estimatedto
be ±0.05%.

After subtractingbackgroundsand correctingfor selectionefficiencies, the
s-channelcrosssectionfor oneflavour was foundto be over4~rsolid angle:

at = 1.4938±0.0059 (stat.)±0.0045 (syst.) nb.
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The systematicerror does not includes that due to the luminosity, and is
commonto the dataof 1990 and 1991.

For thedeterminationof the forward—backwardasymmetry,only the events
of the 1—1 topology, and having two particle tracks of oppositechargewere
used.A sampleof 50356eventswas obtained.The asymmetrywas computed
by the countingmethodandcorrectionswereappliedfor cosmicray and two-
photonbackgrounds.The asymmetrydueto the t-channelcontributionin e+e
was estimatedas in subsection5.1, taking into account the fraction of e+e
eventsin the 1—1 topology.Correctingto the full angularrange,the asymmetry
is found to be

A1~B= 0.0175±0.0037 (stat.)±0.0025 (syst.),

wherethe systematicerror comes mainly from the t-channelsubtractionand
possiblechargemisidentification,andis commonto thatof the 1990 and 1991
data.

The inclusive lepton resultswerecomparedwith thoseof the analyseswith
lepton identification. To do this the lepton-identifiedresults were corrected,
using ZFITTER [131, so that they correspondedto a 4ir detectorwith no
cuts applied. The weighted mean of the lepton-identified results was then
computed.The ratio of the measuredcross sectionfor e+e —~ £ +t to the
meanof the lepton-identifiedresultswas then found to be 0.9972±0.0052,
where the error takes accountof the systematicerrors, andstatistical errors
due the incompleteoverlapof the different channels.Similarly the difference
in the inclusive lepton and the meanof the lepton-identifiedresultsfor the
forward—backwardasymmetrywas found to be —0.0075±0.0055. The good
agreementsupportsthe validity of the lepton-identifiedresults.

The crosssectionand forward—backwardasymmetryresultsfor the leptonic
channelsare shown in Figs. 2 and 3 respectively,togetherwith previously
publishedDELPHI results [2], and with the results of the 5-parameterfit
describedin section6.

6. Z°parameters

Fits to the hadronic cross sections and the leptonic cross sections and
forward—backwardasymmetriesof 1990, 1991 and 1992, were madeusingthe
program ZFITTER [131. Full accountwas taken of the LEP energyuncer-
taintiesand their point-to-point correlations[11. The overall energyscale of
the 1990 data was assignedan uncertaintyof 26 MeV [2]. The energiesof
the 1991 data were obtainedby the proceduresdescribedin ref. [2]. The
single centre-of-massenergyof the 1992 datawas assignedan uncertaintyof
18 MeV [3], uncorrelatedto thatof the otheryears.If independentcouplings
are allowed for the different lepton speciesthena 9-parameterfit yields the
following rarameters:
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Table I
Summaryof eventsamples,angularacceptances,efficiencieswithin theacceptances,backgrounds
and systematicerrors in the hadronic and leptonic cross sections,and the leptonic forward—
backwardasymmetriesfor the 1992 data. Thee~e data refer specifically to analysismethod
2. The total systematicuncertaintyof ±0.46%in the luminosity is not includedin the above
numbers.
tlncludesthe uncertaintydueto the t-channelsubtraction.

Hadrons e+e u~j~

Crosssection

0 acceptance(0) 0—180 44—136 20—160 43-137 43-137
Selectedevents 696543 21351 31044 16919 65200
Selectionefficiency (%) 95.00±0.11 97.26±0.35 94.63±0.30 81.71±0.47 92.65±0.27
Triggerefficiency (%) > 99.99 > 99.99 99.87±0.08 99.98±0.01 99.95~~

r~r background(%) 0.58±0.05 1.23±0.04 2.00±0.20 — —

q~background (%) — — — 0.84±0.15 0.14±0.02
e~e + y+,u’ bkgd. (%) 0.06±0.02 — — 1.60±0.17 —

Two-photonbkgd. (pb) 13 ±4 — — 3.3±0.9 5.8±0.6
Cosmic ray bkgd. (%) — — 0.15±0.05 0.11 ±0.05 0.52±0.03
Tot. syst. error (%) ±0.13 ±0.59t ±0.37 ±0.63 ±0.30

AsymmetryA~

o acceptance(0) — 44—136 11—169 43—137 43—137
Selectedevents 21351 32382 16091 50356
Tot. syst.error — ±0.0030~ ±0.0010 ±0.0017 ±0.0025

M~= 91.187±0.009GeV,

Fz = 2.483±0.012GeV,

a0 = 41.23±0.20nb,

Re = 20.74±0.18,

R4 = 20.54±0.14,

R1 = 20.68±0.18,

A~Be= 0.025±0.009,

A~B~= 0.014±0.005,

= 0.022±0.007,

X
2/DF 108/104,

where Mz, I’z and a
0 are respectively the mass and width of the Z°and

the hadronic pole crosssection.The parametersRf for lepton species f are
definedas

Fhad
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Fig. 4. Allowed contoursat the 68%confidencelevel in theA°F~f—Rfplane. Thecontoursfrom
the 9-parameterfit, without assuminglepton universality,are indicatedby e, j.t, and~, while the
regionallowedby the5-parameterfit assumingleptonuniversalityis indicatedby 1 andis shaded.
The point shows the expectationof the StandardModel for mt = 180GeV, a~= 0.123 and
mH = 300GeV. The arrowsshowthe changesof the prediction as mt variesfrom 100 GeV to
250 GeV, 0~ from 0.118 to 0.128 andmH from 60 GeYto 1000 GeV.

where 1~tadand F~are the partial decay widths into hadrons and the lepton
speciesf respectively.The parameters4B~ aredefinedas

A° f — ~ ~v.gA. gv~gA~
— (g’~~+ g~)(g~

1+ ~Af)

where gv~and gAf are effective vectorandaxial-vectorcouplings.The corre-
lation coefficientsfor the parametersof the 9-parameterfit are given in Table
2.

These fit parametersare in good agreementwith the hypothesisof lepton
universalityof the couplings.This is demonstratedin Fig. 4 wheretheallowed
regionsof A~BJandRf for eachlepton speciesareshown,togetherwith some
predictionsof the StandardModel. A 5-parameterfit assumingflavour inde-
pendenceof the couplingswas thereforecarriedout andyieldedthe following
results:

Mz = 91.187±0.009GeV,

= 2.483±0.012GeV,

a0 = 41.23 ±0.20nb,
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Table 2
The correlationcoefficientsfor the parametersof the 9-parameterfit.

Re R
4 R1 4Be A~B/~ A~

Mz —0.01 0.01 0.01 0.01 0.00 0.00 0.07 0.08
I~ —0.14 0.00 0.00 0.00 0.00 0.00 0.00
a0 0.07 0.10 0.07 0.00 0.00 —0.01
Re 0.05 0.04 0.01 0.00 0.00
R,~ 0.05 0.00 0.01 0.00
R1 0.00 0.00 0.014Be 0.03 0.02

A$B/1 0.04

= 20.62±0.10,

A°~B= 0.0177±0.0037,

~2/DF 110/108.

The correlationcoefficientsof the parametersof the 5-parameterfit aregiven
in Table 3. HereR

1 is definedfor the Z
0 decayinto a pairof masslesscharged

leptonsand is treatedconsistentlythroughout.
Alternatively the resultsof the precedingfits can be expressedin termsof

the following parameters:

= 83.31 ±0.54MeV,

= 84.15±0.77MeV,

= 83.55±0.91MeV,

1~= 83.56±0.45MeV,

g~= (1.50±0.31) x l0~,

g~, = 0.2499± 0.0014,

= 509.4 ±7.0 MeV,

1’had = 1.723±0.010GeV,

where1~,gy
1, g~and f~,are definedassuminglepton universality,andI~,,

is the partial width for Z
0 decaysinto invisible final states.

The resultsof the 5-parameterand 9-parameterfits to the DELPHI data
are in goodagreementwith thosepublishedby the other LEP collaborations
[15—17].
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Table 3

Thecorrelationcoefficientsfor theparametersof the 5-parameterfit.

a0 R~ A°~~

—0.01 0.01 0.00 0.16
—0.14 0.00 —0.01

a0 0.13 —0.01
R~ 0.01

7. Interpretation of the results within the standard model

Within the Minimal Standard Model the ratio .l7~/I~shows little dependence
on the unknown parameters.Taking the massof the top quark,mt, as 180 GeV
and the massof the Higgs boson, mH, as 300GeV the model predicts

= 1.992±0.002,

where the uncertainty correspondsto variations of mt and mH within the
ranges130GeV< in1 < 230GeV and60GeV< mH < 1000GeVrespectively.
From the resultsgiven in section6 the ratio

= 6.10± 0.08

canbe derived,andhencethe numberof light neutrinospeciescanbe deduced

to be

N~= 3.060 ±0.041.

An alternativeprocedureis to carry out a StandardModel fit, but leaving
the numberof neutrinospeciesandthe valueof the strongcouplingconstant,
c15, free. The resultswere

cv, = 0.098 ±0.014,

= 3.05 7 ±0.040.

If the valuefor the strongcouplingconstantcv~as determinedby the DELPHI

collaboration [181,

= 0.123±0.005,

was used as aconstraintthen the result

= 3.023±0.035,

was obtained. If the numberof neutrinospecieswas fixed to be three,but a~
was left unconstrained,thenthe fit yieldedthe value
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as = 0.108±0.012.

If the weak mixing angleis definedby the relation

gv,/g~~ = (1 —4sin20~t),

then the leptonicvectorandaxial-vectorcouplingscorrespondto

sin2
0lept = 0.2306 ±0.0020.

A StandardModel fit to all the crosssectionandasymmetrydatausing the
valueof a5 measuredby the DELPHI collaboration [18] as a constraint,yields
the following valuefor the top quark mass:

mt = 1 57.~(expt.~ (Higgs)GeV,

where (Higgs) representsthe variation dueto Higgs boson massin the range
60 to 1000 GeV, with centralvalue 300 GeV. Thisvalueof m~correspondsto

sin
2 0~t= 0.2328±0.00l3(expt.)~~.~(Higgs).

8. Summary

During 1992, DELPHI accumulated approximately 24 pb—t at theZ°peak.
These data have been analysedto give hadronicandleptoniccrosssectionsand
leptonicforward—backwardasymmetries,all at ameancentre-of-massenergy
of 91.280GeV. Theseresultshavebeencombinedwith the previousDELPHI
resultsat energiesaroundtheZ°peakto give improveddeterminationsof the
resonanceparameters,notably the leptonic partial widths andcouplings.The
leptoniccouplingscorrespondto avalueof the weak mixing angleof

sin2 0~t = 0.2306±0.0020.

Within the contextof the StandardModel the datacanbe usedto determine
the strong coupling constantas.We find a~= 0.108±0.012. If the valueof
a, determinedby the DELPHI collaborationfrom a study of hadronicfinal
statesis usedas aconstraint,thenthe StandardModel fit yields

= l57~~(expt.)~~(Higgs)GeV.
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