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Abstract.

TheCDFandD@ collaborationstthe Tevatronhave producedxquisiteprecisionrmeasurements
on high-P; physicswith theirlarge datasetsf pp collisions.Thetop quarkis beingstudiedin great
detail,andaprecisionof 1.1%in themeasuremerdf its masshasbeenachieved. Thelargedatasets
of W andZ bosondecayshave allowed the mostprecisemeasuremeraf theW massto date,and
detailedstudiesof productionanddecayasymmetriesmoreover, associateghroductionof pairsof
vectorbosonshave beenobsened andmeasuredThe preciseknowledgeof top andW massesire
providing decisive new input for the allowed massrangeof a standardnodelHiggsboson,aswell
asfor the parametespaceof benchmarkscenariosn supersymmetritheories.
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THE FACILITIES

The Tevatronis the highestenegy collider in the world, producingproton-antiproton
interactionsat a centerof-massenegy of 1.96 TeV. The collider underwenta massve
upgradeattheturn of the millennium,with the constructiorof anew injectorandseveral
improvementsin the facility producingand storing antiprotons,which constitutethe
mostchallengingpartof the project.A peakluminosityof 2.9 x 1032cnmi2s~1 hasbeen
recentlysurpassedandthe integratedluminosity of 3.2 fb~1 hasbeendeliveredsofar
to the CDF andD@ experimentsThatnumberis expectedto atleastdoubleby theend
of 2009.

An overview of the CDF and D@ detectordor Run Il (2001-presentganbe found
in[1]. In whatfollows the mostimportantfeaturesfor standardnodeltestsin high-P;
processearebriefly mentioned.

Bothdetectorsareall-purposenearhermeticdevicesconsistingof atrackerimmersed
in a solenoidalfield andan outershell of calorimetersand muonchambersin D@ an
excellentsystenof siliconmicrostripshasbeeninstalledin Runll. Six barrelsof silicon
sensor®rganizedin four concentricalayersprovide coveragefor centraltracks,while
atotal of sixteensilicon disksallow recostructiorof large rapidity tracks.A similar set
of sevenbarrelsof silicon stripsis organizedn thecoreof CDE

Outsidethe silicon barrelsCDF featuresa large gastrackingchamberwhile D@ has
acompactscintillatingfiber tracker. Centraltracksarereconstructeavith very high ef-
ficiengy in bothdetectorsandthe combinationwith silicon detectolinformationallows
the determinatiorof track impactparametemwith sufficient precisionto reconstrucB-
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FIGURE 1. Distribution of the reconstructedop massfrom eventswith one (left) or two (right) b-
taggedets (yellow histogram)with anoverlaidfit to signalandbackgroundemplategblackline).

hadrondecayandenable~ 45%-eficient taggingof b-quark-originatedets, with fake
rateswell belov 1%.

Calorimetersare finely segmentedin projectve towers and are divided in a inner
electromagneti@and an outer hadronic section. Electronswithin the pseudorapidity
intenal |n| < 2.0 areidentified with high purity and efficiengy, with a resolutionof
about15%/+/E in both detectorsandhadronicjets are reconstructeavith resolutions
betterthan100%/+/E. Muon chambersover the rapidity region || < 1.5in CDF and
In| < 2.0in DG

Data acquisitionproceedghrougha three-level trigger systemwhich is capableof
reducingthe 2.5 MHz collision rate by selectingonline the mostinterestingevents,
writing full detectorinformationto tapeat the rate of about100Hz. Most of the high-
Pr measurementdiscussedn this paperusedatasetsollectedby triggersidentifying
isolatedelectronsandmuons.

TOP QUARK MEASUREMENTS

The heaviest quarkis a particularlyinterestinglaboratoryfor perturbatve QCD, given
its large massand shortlifetime. The large datasetsollectedby CDF and D@ enable
mary precisionmeasurementsf top quarkpropertiesAmongthem,thetop massV, is
the mosturgentto determineprecisely sinceit represents crucial input to the global
fits to electraveak obsenableswhich verify the internalconsisteng of the theoryand
provide a predictionfor the unknovn massof the Higgsboson.

Thereareby now tensof determination®f M;, usingdifferenttechniquesndall the
significantfinal statesof top decay The mostrecentpreciseresultfrom CDF is based
on 1.7 fb~1 of datain the single-leptorfinal stateof top pair production.307 events
are selectedto containa high-P; lepton, missingtrans\erseenegy, and four jets, at
leastone of which is taggedto originatefrom b-quark hadronization.The dijet mass
from the hadronicW bosondecayis usedto reducethe uncertaintyarising from the
jet enepgy scale,using two-dimensionalprobability density functionsto comparethe
reconstructetbp quarkmassandhadronidV masdistributionsin dataandsimulations.
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FIGURE 2. Left: the W transwersemassdistribution computedby CDF from electron-neutringairs
(blue points)andthe resultof a likelihoodfit (red histogram) Right: a fit to thetail of the W trans\erse
masddistribution for muon-neutringairsallows the extractionof the naturalwidth of theW boson.

The top massandthe jet enegy scaleare thusdeterminedsimultaneouslyCDF finds
M = 1716+ 2.1+ 1.1 GeV, wherethe first error is the statisticalplus enegy scale
uncertaintyandthe secondaccountdor othersystematicgseefigure 1).

Recentresultsfrom D@ include a measuremerperformedin the very cleansample
of dileptondecaysof top quarkpairs, which consistsof 57 candidatesn 1 fb—1. Two
different weighting methodsare usedto extract a top massfrom the unconstrained
final state which includestwo undetectabl@eutrinosfrom the leptonicW decaysThe
combinationof thetwo resultsyieldsM; = 1737 + 5.4(stat.)+3.4 (syst.)GeV.

Thelatestaverageof CDF andD@ dterminationof M; is basedn datasetsncluding
lessthan1 fb~! of data.Thetopmasss measure@tM, = 1709+ 1.1+ 1.5 GeV, Before
theendof Runll thetwo experimentsarelikely to reacha 1 GeV precisionon thetop
guarkmass.

The searchfor electraveak productionof single top quarksis still ongoing. The
combinedcrosssectionof the contributing processess only two times smallerthan
thatof QCD pair production but the signalhasa muchlesscharacteristisignatureand
is buriedin thelarge backgroundf QCD W+ jetsevents.Both D@ andCDF have seen
evidencefor singletop eventsin their data,with statisticalsignificancesxceedingthe
level of 30. A definitive obsenationwill mostlik ely be achievednext year

VECTOR BOSON PHYSICS

Thesample®f leptonicW andZ bosondecay<ollectedoy CDFandD@ now countmil-

lions of events.Thesedatasetfhiave allowed very precisemeasurementsf electraveak
processesnd obsenables,including the world’s most precisevalue for the W boson
massby CDF (M,,, = 80413+ 48 MeV), whichis theresultof along anddetailedanal-

ysis of only 200 pb~! of electronandmuondata(seefigure 2, left). By theendof Run
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FIGURE 3. Left: the W chage asymmetrymeasuredoy CDF as a function of W bosonrapidity
(black points), comparedto next-to-next-to leadingorder predictions(red line) and the uncertaintyof
the CTEQ6M partondistribution functions(blue band).Right: comparisorof directmeasurmentsf top
andW massegblue ellipse)with indirect constraintdrom LEP (red ellipse). The greenbandshaws the
expecteddependencef the two parametersn the standardmodel, for a wide rangeof Higgs boson
masses.

Il the Tevatronexperimentsexpectto reducethe uncertaintyon M,,, below 20 MeV.

Anotherquantitymeasuredvith high precisionis the naturalwidth of the W boson,
which is determinedwith afit to the tail of the trans\ersemassdistribution of lepton
and missingenepgy. Again CDF hasthe most precisemeasurementf this quantity:
Mw = 2032+ 71 MeV, in goodagreemenwith standardnodelpredictions(seefigure
2, right). CDF and D@ have also producedseveral measurementsf crosssections
andasymmetriesn vectorbosonproduction.The left plot in figure 3 shavs a recent
determinatiorof theW chageasymmetryin CDF, which providesa stringentconstraint
to the partondistribution functionsof the protonat mediumx.

Veryrareelectraveakprocessebave alsostartedo emepe:all associategroduction
processesvolving pairsof W andZ bosondhave now beendetectedyith crosssections
in excellentagreementvith theoreticapredictionsThesesignaturesrestudiedin detail
giventhe importanceof multi-leptonsignalsfor searche®f the Higgs bosonand new
physics.Table 1 lists the Run Il resultsobtainedby CDF and D@ on dibosoncross
sections.

IMPLICATIONS

Globalfits to electraveakobsenablesin the context of thestandardnodelhave recently
startedo pointto avery smallvalueof theHiggsbosonmassThistrendis largely dueto
the precisemeasurementsf thetop quarkandW bosonmassesbtainedatthe Tevatron
(seefigure 3, right). The mostrecentfits predicta Higgs massM,, = 76f§2 GeV, well



TABLE 1. Measurednclusive crosssectiondor dibosonproductionprocesseat
theTevatron.Thecolumnlabeled'NLO” shavsthestandardnodelpredictioncom-
putedat next-to leadingorder; whenmultiple uncertaintiesare quotedin the CDF
andD@ measurementshey referin orderto statistical systematicandluminosity
errors.

NLO pred* CDF DY
Oppwwsx  124£08pb 136423+ 16+12pb 13.8#3‘;331)1:3% +0.9pb
Opiswzex 3 7+£0.3pb 43 0+ Oé%l:t 0.3pb 2775 pb
Oppozzex ~ 14+0.1pb 0.75F 5L, pb -

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

below thelower experimentalboundsetby the LEP Il experimentsthe upperlimit on
M, hasbeensetat 144 GeV, at 95% confidencdevel[2].

If oneexaminesthe contribution of eachinput measuremenb the above resultone
noticesthat the strongestdownward pulls on M, are due to the lepton asymmetry
measurementsy SLD[3] andtheworld averagevalueof M,,, (M,,, = 80398+ 25MeV).
Thereis sometensionin the mixture of results,but the fit is reasonablygood: the
standardmodel still holds, althoughin the next few yearsthe increasedorecisionof
the Tevatronmeasurementsespeciallyon M,,— couldstrainit to thebreakingpoint. On
theotherhand,in the context of minimal supersymmetricnodelsthe overallagreement
of all obserablesappears/ery goodfor a wide chunkof the parametespaceof a few
benchmarkscenariosln particular within the NUHM (anon-unversalHiggsmodel),it
hasbeenshowvn that one canfit well alsoB-physicsanddark matterconstraintgo the
lightestsupersymmetriparticle,obtaininga coherenpicture[4. Many optionsarestill
onthetable,buttheongoingsearche$or theHiggsbosonatthe Tevatron,andthosedue
to startsoonatthe LHC, arelikely to clarify matters.

CONCLUSIONS

The Tevatronexperimentsare producingexquisite nev resultson high-P; physicsand
arebringing standardnodelteststo a level of precisionwhich meetsor exceedshat of
electron-positrorcolliders. Thetop quarkmasss now known with 1.1% precision,and
the W bosonmasswith 0.04% precision.Theseresultsare contributing to narraver
mamins of consisteng of global fits to electraveak obsenables.CDF and D@ will
continueto produceexcellentphysicsthrough2009,andpossiblyafterthat. They expect
to reacha 0.7% precisionon thetop massanda 0.02% precisionon theW mass.
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