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Abstract.
TheCDFandDØcollaborationsattheTevatronhaveproducedexquisiteprecisionmeasurements

onhigh-PT physicswith their largedatasetsof pp̄ collisions.Thetopquarkis beingstudiedin great
detail,andaprecisionof 1 � 1%in themeasurementof its masshasbeenachieved.Thelargedatasets
of W andZ bosondecayshave allowedthemostprecisemeasurementof theW massto date,and
detailedstudiesof productionanddecayasymmetries;moreover, associatedproductionof pairsof
vectorbosonshave beenobservedandmeasured.Thepreciseknowledgeof top andW massesare
providing decisive new input for theallowedmassrangeof a standardmodelHiggsboson,aswell
asfor theparameterspaceof benchmarkscenariosin supersymmetrictheories.
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THE FACILITIES

The Tevatronis the highestenergy collider in the world, producingproton-antiproton
interactionsat a center-of-massenergy of 1.96TeV. The collider underwenta massive
upgradeattheturnof themillennium,with theconstructionof anew injectorandseveral
improvementsin the facility producingand storing antiprotons,which constitutethe
mostchallengingpartof theproject.A peakluminosityof 2 � 9 � 1032cm� 2s� 1 hasbeen
recentlysurpassed,andthe integratedluminosityof 3 � 2 fb � 1 hasbeendeliveredso far
to theCDF andDØ experiments.Thatnumberis expectedto at leastdoubleby theend
of 2009.

An overview of the CDF andDØ detectorsfor Run II (2001-present)canbe found
in[1]. In what follows the mostimportantfeaturesfor standardmodeltestsin high-PT
processesarebriefly mentioned.

Bothdetectorsareall-purpose,near-hermeticdevicesconsistingof atrackerimmersed
in a solenoidalfield andan outershell of calorimetersandmuonchambers.In DØ an
excellentsystemof siliconmicrostripshasbeeninstalledin RunII. Six barrelsof silicon
sensorsorganizedin four concentricallayersprovide coveragefor centraltracks,while
a total of sixteensilicon disksallow recostructionof largerapidity tracks.A similar set
of sevenbarrelsof silicon stripsis organizedin thecoreof CDF.

Outsidethesilicon barrelsCDF featuresa largegastrackingchamber, while DØ has
a compactscintillatingfiber tracker. Centraltracksarereconstructedwith very high ef-
ficiency in bothdetectors,andthecombinationwith silicon detectorinformationallows
thedeterminationof track impactparameterwith sufficient precisionto reconstructB-



FIGURE 1. Distribution of the reconstructedtop massfrom eventswith one (left) or two (right) b-
taggedjets(yellow histogram),with anoverlaidfit to signalandbackgroundtemplates(blackline).

hadrondecayandenable� 45%-efficient taggingof b-quark-originatedjets,with fake
rateswell below 1%.

Calorimetersare finely segmentedin projective towers and are divided in a inner
electromagneticand an outer hadronicsection.Electronswithin the pseudorapidity
interval

�
η
���

2 � 0 are identified with high purity and efficiency, with a resolutionof
about15%�
	 E in bothdetectors,andhadronicjets arereconstructedwith resolutions
betterthan100%� 	 E. Muon chamberscover therapidity region

�
η
���

1 � 5 in CDF and�
η
���

2 � 0 in DØ
Dataacquisitionproceedsthrougha three-level trigger systemwhich is capableof

reducingthe 2.5 MHz collision rate by selectingonline the most interestingevents,
writing full detectorinformationto tapeat the rateof about100Hz. Most of thehigh-
PT measurementsdiscussedin this paperusedatasetscollectedby triggersidentifying
isolatedelectronsandmuons.

TOP QUARK MEASUREMENTS

Theheaviest quarkis a particularlyinterestinglaboratoryfor perturbative QCD, given
its large massandshort lifetime. The large datasetscollectedby CDF andDØ enable
many precisionmeasurementsof topquarkproperties.Amongthem,thetopmassMt is
themosturgentto determineprecisely, sinceit representsa crucial input to theglobal
fits to electroweakobservableswhich verify the internalconsistency of the theoryand
provideapredictionfor theunknown massof theHiggsboson.

Thereareby now tensof determinationsof Mt , usingdifferenttechniquesandall the
significantfinal statesof top decay. The mostrecentpreciseresultfrom CDF is based
on 1.7 fb � 1 of datain the single-leptonfinal stateof top pair production.307 events
are selectedto containa high-PT lepton,missingtransverseenergy, and four jets, at
leastoneof which is taggedto originatefrom b-quarkhadronization.The dijet mass
from the hadronicW bosondecayis usedto reducethe uncertaintyarising from the
jet energy scale,using two-dimensionalprobability densityfunctionsto comparethe
reconstructedtopquarkmassandhadronicW massdistributionsin dataandsimulations.
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FIGURE 2. Left: theW transversemassdistribution computedby CDF from electron-neutrinopairs
(bluepoints)andtheresultof a likelihoodfit (redhistogram).Right: a fit to thetail of theW transverse
massdistribution for muon-neutrinopairsallows theextractionof thenaturalwidth of theW boson.

The top massandthe jet energy scalearethusdeterminedsimultaneously. CDF finds
Mt � 171� 6 � 2 � 1 � 1 � 1 GeV, wherethe first error is the statisticalplus energy scale
uncertainty, andthesecondaccountsfor othersystematics(seefigure1).

Recentresultsfrom DØ includea measurementperformedin thevery cleansample
of dileptondecaysof top quarkpairs,which consistsof 57 candidatesin 1 fb � 1. Two
different weighting methodsare usedto extract a top massfrom the unconstrained
final state,which includestwo undetectableneutrinosfrom theleptonicW decays.The
combinationof thetwo resultsyieldsMt � 173� 7 � 5 � 4(stat.)� 3 � 4 (syst.)GeV.

Thelatestaverageof CDFandDØ dterminationsof Mt is basedondatasetsincluding
lessthan1 fb � 1 of data.Thetopmassis measuredatMt � 170� 9 � 1 � 1 � 1 � 5GeV. Before
theendof RunII thetwo experimentsarelikely to reacha 1 GeV precisionon thetop
quarkmass.

The searchfor electroweak productionof single top quarksis still ongoing.The
combinedcrosssectionof the contributing processesis only two times smaller than
thatof QCDpairproduction,but thesignalhasamuchlesscharacteristicsignature,and
is buriedin thelargebackgroundof QCDW � jetsevents.BothDØ andCDFhaveseen
evidencefor singletop eventsin their data,with statisticalsignificancesexceedingthe
level of 3σ . A definitiveobservationwill mostlikely beachievednext year.

VECTOR BOSON PHYSICS

Thesamplesof leptonicW andZ bosondecayscollectedbyCDFandDØnow countmil-
lions of events.Thesedatasetshave allowedvery precisemeasurementsof electroweak
processesandobservables,including the world’s mostprecisevaluefor theW boson
massby CDF (MW � 80413� 48MeV), which is theresultof a longanddetailedanal-
ysisof only 200pb� 1 of electronandmuondata(seefigure2, left). By theendof Run
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FIGURE 3. Left: the W charge asymmetrymeasuredby CDF as a function of W bosonrapidity
(black points),comparedto next-to-next-to leadingorder predictions(red line) and the uncertaintyof
theCTEQ6Mpartondistribution functions(blueband).Right: comparisonof directmeasurmentsof top
andW masses(blueellipse)with indirectconstraintsfrom LEP (redellipse).Thegreenbandshows the
expecteddependenceof the two parametersin the standardmodel, for a wide rangeof Higgs boson
masses.

II theTevatronexperimentsexpectto reducetheuncertaintyon MW below 20 MeV.
Anotherquantitymeasuredwith high precisionis thenaturalwidth of theW boson,

which is determinedwith a fit to the tail of the transversemassdistribution of lepton
and missingenergy. Again CDF hasthe most precisemeasurementof this quantity:
ΓW � 2032� 71 MeV, in goodagreementwith standardmodelpredictions(seefigure
2, right). CDF and DØ have also producedseveral measurementsof crosssections
andasymmetriesin vectorbosonproduction.The left plot in figure 3 shows a recent
determinationof theW chargeasymmetryin CDF, whichprovidesastringentconstraint
to thepartondistribution functionsof theprotonat mediumx.

Veryrareelectroweakprocesseshavealsostartedto emerge:all associatedproduction
processesinvolvingpairsof W andZ bosonshavenow beendetected,with crosssections
in excellentagreementwith theoreticalpredictions.Thesesignaturesarestudiedin detail
given the importanceof multi-leptonsignalsfor searchesof the Higgs bosonandnew
physics.Table 1 lists the Run II resultsobtainedby CDF and DØ on dibosoncross
sections.

IMPLICATIONS

Globalfits to electroweakobservablesin thecontext of thestandardmodelhaverecently
startedto pointto averysmallvalueof theHiggsbosonmass.Thistrendis largelydueto
theprecisemeasurementsof thetopquarkandW bosonmassesobtainedat theTevatron
(seefigure3, right). Themostrecentfits predicta HiggsmassMH � 76' 33

� 24 GeV, well



TABLE 1. Measuredinclusivecrosssectionsfor dibosonproductionprocessesat
theTevatron.Thecolumnlabeled“NLO” showsthestandardmodelpredictioncom-
putedat next-to leadingorder;whenmultiple uncertaintiesarequotedin the CDF
andDØ measurements,they refer in orderto statistical,systematic,andluminosity
errors.

NLO pred.( CDF DØ

σpp̄) WW * X 12� 4 + 0 � 8 pb 13� 6 + 2 � 3 + 1 � 6 + 1 � 2pb 13� 8* 4 , 3* 1 , 2- 3 , 8 - 0 , 9 + 0 � 9 pb
σpp̄) WZ * X 3 � 7 + 0 � 3 pb 4 � 3* 1 , 3- 1 , 0 + 0 � 2 + 0 � 3 pb 2 � 7* 1 , 7- 1 , 3 pb
σpp̄) ZZ * X 1 � 4 + 0 � 1 pb 0 � 75* 0 , 71- 0 , 54 pb -

( J.M.CampbellandR.K.Ellis, Phys.Rev. D60(1999)113006.

below the lower experimentalboundsetby theLEP II experiments;theupperlimit on
MH hasbeensetat144GeV, at 95%confidencelevel[2].

If oneexaminesthecontribution of eachinput measurementto theabove resultone
noticesthat the strongestdownward pulls on MH are due to the lepton asymmetry
measurementsby SLD[3] andtheworld averagevalueof MW (MW � 80398� 25MeV).
There is sometensionin the mixture of results,but the fit is reasonablygood: the
standardmodel still holds,althoughin the next few yearsthe increasedprecisionof
theTevatronmeasurements–especiallyonMW– couldstrainit to thebreakingpoint.On
theotherhand,in thecontext of minimal supersymmetricmodelstheoverall agreement
of all observablesappearsvery goodfor a wide chunkof theparameterspaceof a few
benchmarkscenarios.In particular, within theNUHM (anon-universalHiggsmodel),it
hasbeenshown thatonecanfit well alsoB-physicsanddark matterconstraintsto the
lightestsupersymmetricparticle,obtaininga coherentpicture[4]. Many optionsarestill
onthetable,but theongoingsearchesfor theHiggsbosonat theTevatron,andthosedue
to startsoonat theLHC, arelikely to clarify matters.

CONCLUSIONS

TheTevatronexperimentsareproducingexquisitenew resultson high-PT physicsand
arebringingstandardmodelteststo a level of precisionwhich meetsor exceedsthatof
electron-positroncolliders.Thetop quarkmassis now known with 1 � 1%precision,and
the W bosonmasswith 0 � 04% precision.Theseresultsare contributing to narrower
margins of consistency of global fits to electroweak observables.CDF and DØ will
continueto produceexcellentphysicsthrough2009,andpossiblyafterthat.They expect
to reacha0 � 7%precisionon thetopmassanda0 � 02%precisionon theW mass.
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