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The year2000 is the 12th and,ascurrently foreseen,last yearof operationfor the large � � � �
collider LEP at CERN.By all standards,boththeperformanceof theLEP machineandthewealthand
precisionof experimentalresultsobtainedby thefour LEPexperimentsALEPH [1], DELPHI [2], L3 [3]
andOPAL [4] constituteanexciting successstoryin high-energy physics.

Operationof LEPstartedin summer1989atcentre-of-massenergiesaround91GeV, correspond-
ing to the massof the Z boson(LEP1). Six yearsand17 million Z eventslater, the secondphaseof
LEPrunningboostedthecentre-of-massenergy by a factorof 1.5.During theyears1996until 2000,the
energy of LEP increasedfurther, from 161GeV, thethresholdof � � � � production,up to 209GeV at
thetimeof writing this report(LEP2).

Doublingthecentre-of-massenergy opensupinterestingnew areasin electron–positronphysics[5,
6]. In particular, while two-fermionproductionatLEP1[7,8] is analysedto studytheZ boson[9], four-
fermionproductionatLEP2allowsusto measurepreciselythepropertiesof theW boson[9]. More than
500pb��� of luminosityabove theW-pairproductionthresholdis collectedby eachLEPexperiment,ex-
ceedingtheoriginal goalof theLEP2programme[5]. Thesedatasetscorrespondto acombinedsample
of about30 000 � � � � events.Theincreasein energy alsopushesthesensitivity to new particles,for
exampletheHiggsbosonor SUSYparticles,towardshigherandhigherparticlemasses.

Now, a few weeksinto the last data-takingperiodat LEP, it is crucial to prepareboth the final
monthsof LEP runningfor an optimalsearchfor new particles,andthefinal precisionanalysesof the
datacollectedat LEP2. A yearagotheLEP2MonteCarloWorkshopwasinitiatedwith thesegoalsin
mind. Clearlythereis noendto thelist of specificprocessesandphase-spaceregionsaccessibleatLEP2
energies. The importantStandardModel physicstopicsstudiedat LEP2 arefermion-pairproduction,
four-fermionproduction,quantumchromodynamics(QCD),andtwo-photoncollisionprocesses.

� Two-fermionproductionhasthehighestcross-sectionof all hardprocesses.At LEP1it servesas
theuniquereactionto studythepropertiesof theZ boson.At centre-of-massenergiesfar above
theZ pole,theradiative tail of theZ developswhereQED radiative correctionsareseveral times
aslargeastheBorncross-sections.Theproductionof secondaryfermion–antifermionpairsdueto
theradiationof off-shellphotonsandZ bosonsfrom theinitial- or final-stateneedto beaccounted
for. This ties in with the signaldefinition, i.e., the separationbetweenradiative correctionsto
two-fermionproductionandgenuinefour-fermionproduction.

� Four-fermion productionthroughresonantgaugebosons,in particularW bosons,constitutesan
exciting new processat centre-of-massenergiesfar above theZ pole. A mainaspectof theLEP2
physicsprogrammeis given by the measurementsof the propertiesof the W boson,suchas its
mass,decaywidth, and branchingfractions. In addition, triple and quartic electroweak gauge
bosoncouplingsarestudied,testingthenon-Abeliannatureof theelectroweakStandardModel.
Improved predictionsneedto take into accountradiative correctionsto four-fermion processes,
includingtheradiationof photons,in a morecompletemanner. This is rathercomplex dueto the
numberof Feynmandiagramsinvolved,but importantasit alsoaffectstheW-massanalysisdueto
photonsvisible in thedetector.

� Hard QCD processesin quark-pairproductionallow testsof QCD at higherenergy scalesthan
before.Their understandingis alsoneededasQCD four-jet productionconstitutesa background
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to electroweakfour-jet productionvia Z andW bosonsbut alsoHiggsbosons.The rateof QCD
multijet final statesmustbewell known, thushigher-orderQCDcorrectionsin multijet production
needto betakeninto accountin thecalculations.

� The two-photoncollision processis viewed asa soft processbut it hasthe highestcross-section
in large regions of phasespaceat LEP2. In particular, the interestlies in predictionsandsim-
ulationsfor hadronictwo-photoncollision processes,including heavy quarkproduction. Also,
for many new-particlesearcheswith signaturesinvolving largemissingenergy, two-photoncolli-
sion processesform an importantbackgroundwhich mustbe well modelled,including radiative
corrections.

In eachcase,not only improvementsin thepredictionsandMonteCarlosimulationsareneeded
but alsothesizeof theremainingtheoreticaluncertaintiesassociatedwith thepredictions.In particular
theuncertaintieswererarelyestimatedquantitatively in thepast.Alreadynow, theaccuracy of theLEP2
measurementsis sohigh thatuncertaintiesonpredictionscanno longerbeneglected.Oneprominentex-
ampleoutof many is givenby thetotalW-pairproductioncross-section:while thetheoreticaluncertainty
of previouscalculationswasestimatedto be2% [6], theexperimentalaccuracy at LEP2,combiningall
measurements,is well below 1%[9]. Toolargea theoreticaluncertaintyis thereforeequivalentto a large
lossin collectedluminosity, which weakensthecorrespondingtestof the theory. This mustbeavoided
throughimprovedpredictions.

Accuratetheoreticalpredictionsare, however, not only crucial to confront the theory with the
experimentalresult, but also in looking for the effects of new physics– new particles– beyond the
StandardModel. In orderto find suchnew physicseffectsasquickly aspossible– andthusknow how
to plan thedatataking– thecollecteddatais continuouslycomparedto thepredictionsin orderto find
deviationsin distributions. Thesignificanceof suchdeviationsdependson theuncertaintiesbothin the
measurementandin theprediction,which thusmustbeknown.

To this extent an assessmentof thepredictionof StandardModel processesandtheir accuracies
is mandatoryalsoasthebasicingredientin thesearchfor physicsbeyond theStandardModel: only if
theStandardModel physicstogetherwith its uncertaintyis preciselyknown, will theexperimentsfind
reliably andearly the– at first small– indicationsfor new physics,suchastheproductionof Higgsor
SUSYparticles[6], or put tight limits on new physicsbeyondtheStandardModel.

An effort suchas this workshoprequiresvery closecollaborationbetweenmany peoplefrom
theoreticalandexperimentalhigh-energy physics. Basedon the needsarising in and developeddur-
ing theexperimentalanalyses,many problemsanddetailedquestionshave beenformulated,discussed,
re-formulatedandmostlysolved. Improvedpredictionsandquantitative estimatesof thetheoreticalun-
certaintyon the predictionof a large variety of observablesarenow available. In many but still not
all casesdiscussedin detail in this report, the theoreticaluncertaintyis smallerthanthe projectedex-
perimentaluncertaintyon the measurementcombiningall LEP2 data. As an example,for the W-pair
cross-sectiondiscussedabove, new calculationsexist with a theoreticaluncertaintyof 0.4%on theW-
pair cross-sectionat 200 GeV. By summarizingall resultsthis reportserves the intendedpurposeand
will bevery usefulfor thefinal analysesof theLEP2data.
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