RESULTS FROM CDF AND D@
(EVERYTHING BUT THE B)

HaroldG. Evans
PhysicsDept.,ColumbiaUniversity
MailCode5215
538W. 120thSt.,New York, NY 10027

Representinghe CDF andD@ Collaborations

ABSTRACT

With the startof Run |l at the FermilabTevatrona hostof new physics
opportunitiesare opened. In this paperwe will review the prospectdor

physicsat the CDF and D@ experiments. Topicsrangingfrom QCD, to

electro-wealprecisionmeasurement$y top-quarkphysicsto searchefor

theHiggsbosonandsignalsof physicsbeyondthe Standardviodel will be
discussedB-Physicsat the Tevatronis coveredin a separateontribution

to theseproceedingsWe will outlinehow upgradego the acceleratoand
the detectoramake thesestudiespossiblewith precisionshigherthanever
achieved previously andwill show resultsfrom the rst datacollectedin

Runll. Theseresultsgive uscon dencein our ability to achieze ambitious
physicsgoals,andpointtheway towarda bright future for the Tevatron.
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1 Intr oduction

“High enepgy physicsis a particularlyexciting eld right now.” We have all heardthat
statemenso mary timesthatit hasbegun to ring ratherdesperatelyn our ears. In
this case however, the Bellmanis right.! We are on the verge of makingfundamental
adwancesn ourunderstandingf questionghatareof interestevento our non-physicist
friends. Why is theremassandhow doesit arise? Why isn't theremore antimatter?
How is matterput together? None of thesequestionsare addressedy the current
Standardviodel of particleinteractiong SM) although,up to now, it hassucceedeth
accuratelypredictingthousandsf experimentaimeasurementgwith the exceptionof
nite neutrinomasses).

Within the next decadethis situationwill almostcertainlychange Ourunderstand-
ing of themechanisnof masggenerationwhich,in theSM, is tied up with thebreaking
of symmetrybetweenelectro-magnetiandweakinteractionswill take a hugestride
forwardwith thediscovery (or exclusionaltogetherpf theHiggsbosontheonly inhab-
itant of the SM zooyetto beobsenred. Will this elusive particlehave all the properties
predictedby the SM? Or will its characteristicst betterwith thosepredictedby ex-
tensionsof the SM? Perhapst doesnt exist at all andsomeothermechanisnwill be
foundto breakthe electro-wealsymmetry?

Answeringthesequestiongle niti vely is within the graspof experimentanow run-
ning or beingbuilt. It will requirea multi-prongstrateyy though,with directsearches
for Higgs-like particlesbeingcomplementedvith predictionsof the Higgs properties
usingprecisionmeasurementsf otherelectro-weakparametergfor example,the W -
bosonand top-quarkmasseshnd measurementef rare decays(especiallythoseof
heary particlessuchas , bandt).

Electro-weaksymmetrybreakingis not the only phenomenothatshouldyield se-
cretsin thecomingyears.Theoverwhelmingpreponderancef matterin theobsenrable
universes aneffectthatis intimatelyconnectedvith theviolation of CPsymmetry All
indicationsarethatthe CP violation presenin the StandardModel is not sufcient to
explain the obseredasymmetnbetweermatterandantimatter’ However, sourceof
CPviolation beyondthosein the SM may well contritute here. Studiesof B -hadron
andkaonpropertiesaswell asneutrinooscillationsare crucial to this understanding,
andagain,experimentdakingdatanow or in thenearfutureshouldclarify this question
substantially

Finally, knowing how the masse®f quarks,leptonsandbosonsariseandthe link



betweerthis procesandelectro-wealsymmetrybreakingstill doesnottell uswhy the
protonhasthe massit does.To understandhis, we mustunderstandhe intricaciesof
the stronginteraction. This hasbeena long procesdor which importantinformation
will begatheredn theexperimentsunningoverthe next few years.

Looking over this list of fundamentaljuestionst's easyto seewhy the Fermilab
Tevatronwill be a focal point of high enegy physicsfor yearsto come. After a suc-
cessfuldatatakingperiodfrom 1992—-1996Runl), which sav, amongotherthings,the
discovery of thetop quark? the Tevatronstartedanew eraof datatakingin March2001
(Runll). In Runll proton-antiprotorcollisionsoccurin the CDF andD@ detectorsat
acenterof massenepgy of 1.96 TeV, which representghe highestenegy availableata
collider. We canusetheseinteractiongo studyall of the questionsabove: from direct
Higgs searchesndsearchesor particlesbeyondthosepredictedin the SM, to preci-
sion measurementef SM parametersto studiesof B-physicsand CP violations, to
sensitve probesof the strongforce andits theory quantum-chromodynami¢QCD).
As youwill seethesestudiesareexpectedo be consistentlyamongthe mostsensitve
availablewith arealchanceof nding somethingruly groundbreakingTo understand
why, we will walk throughthe physicsof Run I, with the exceptionof B-physics,
whichis discussedeparatelyn theseproceedings. We'll startwith a brief discussion
of the Tevatronacceleratoeandthe CDF and D@ detectorsgspeciallycomparingex-
pecteddetectomperformancesWe'll thenseehow thesedetectorsareusedto dig out
physicssignalsfrom the large backgroundoresentat a pp collider. And nally, we'll
endwith abrief summaryof someof themostinterestingphysicstopicsof Runll, with
predictionsof expectedsensitvities andindicationsfrom the rst datacollectedasto
how the detectorsare actually performing. Unfortunately spacelimitations preclude
the discussiorof interestingresultsstill comingfrom Run| dataof the Tevatron. So,
with aneye towardthefuture— let's getstarted.

2 Runll at Fermilab

2.1 The Tevatron

The FermilabTevatronacceleratofacility hasbeensubstantiallymodi ed to achieve
the high luminositiesrequiredby the physicsgoalsof Run I, which began of cially

in March of 2001. The mainchangesvith respecto previous Tevatronrunningarein
the centerof-massenepy of the pp collisions,which hasbeenincreasedrom 1.8 TeV



to 1.96 TeV betweerRunsl andll, andin theinstantaneoukiminosity, which should
increaseby morethantwo ordersof magnitudewith respecto the valuesachiaredin

Run|. Someof the factorscontrituting to thesechangesare detailedin Table 1 (see
Ref. 6).

Becauseof theseacceleratochangegphysicsprospectsat Runll areimprovedin
two ways. Obviously, the increasean the amountof dataavailable madepossibleby
increasedRunll luminositieswill allow new analyseso beperformedandwill increase
thestatisticaprecisionof old ones.However, thesmallincreasen CM enegy overRun
| actuallyresultsin asubstantiaincreasen cross-sectioffor severalinterestingohysics
channelsFor example cross-sectionor W/Z , top quarksandjetswith P; > 400GeV
will increaseby factorsof 1.1,1.35and2, respecitiely.

By July, 2002the Tevatronhad deliveredapproximately50 pb * of datato CDF
andD@. Of this datathe experimentgecorded.0-20pb !, whichwasusedto produce
theresultspresentectthe ICHEPO2conferencén Amsterdam uponwhichthis paper
is based.In the future, Runll datatakingis foreseerto happenn two main stages-
Runlla, whereapproximately2 fbo ! of datawill be collected,andRunlib, wherea
totalintegrateduminosityof 10-15fb ! is hopedfor. Theexacttiming of thetransition
betweerRunslla andllb will bedeterminedy degradatiorof the CDF andD@ silicon
detectorswith radiationdoseaccumulate@dndis expectedto occuraround2005-2006.
Detailsof the machinegoalsfor Runslla andllb aregivenin Tablel.

Tablel. A comparisorof theRunl andRunll parameterstthe FermilabTevatron.

Run Ib Run lla Run 1lIb

typical | ! July02 goal goal
Years 92-96 01-05 06-LHC
Ecm[TeV] 1.8 1.96 1.96 1.96
Buncheqdp p) 6 6 36 36 36 36|36 36(140 103)
BunchSpacingns] 3500 396 396 396(132)
Total protons(  10'?) 1.4 9.7 9.7(38)
Total anti-protong  10'?) 0.3 1.1 3.4(9.6)
<Interacs/X'ing> 2.5 <1 2.3 5.5(3.7)
Inst. Lumi. ( 10*2cm 2?s 1) | 0.16 0.2 0.86 2.0(4.1)
Integ. Lumi [fb 1] 0.125 0.01 2 15




2.2 The Detectors

To take full adwantageof the physicspossibilitiesin Run Il, both the CDF and D@
collaborationshave mademajorupgradeso their detectors:®

CDF hasreplacedheir Runl silicondetectomwith anew device providing 3D track-
inguptoj j<2. Furtherimprovementsin trackingcomefrom a new, fasterdrift
chambemwith 96 layers(COT) andnew Time-of-Flight(TOF) detector They have also
signi cantly enhancedheircapabilitiesn theforwardregionwith anew plugcalorime-
ter anda new forward muonsystem.Finally, they have upgradedheir trigger system
andaddedanew tracktriggeratLevel-1,basedninformationfrom their drift chamber
aswell asconstructinga new impactparametetriggerat Level-2 usingdatafrom their
silicondetector A cut-avay view of the CDF Runll detectotis shavnin Figurel.

%[ Trackers: silicon and
drift chambers

[

Fig. 1. TheCDF Runll detector

The D@ upgradewas also an ambitiousproject. The old, non-magnetidracking

The pseudo-rapiditys de ned as Intan( =2).



systemwascompletelyreplacedandnow includesa silicon micro-vertex detectomith

3D readoutanda centraltracker (CFT) using8 superlayersof scintillating bers im-

mersedn a2.0Teslaaxial magneticeld. Becausef theincreasedmountof material
in thetrackingsystempre-shever detectorave beenaddedn thecentralandforward
regions. The D@ uranium-liquidargon calorimeterhasbeenretained but its readout
electronicshave beencompletelyreplaced. The muonsystemin the centralregion is

alsolargely unchangedrom Run |. However, trigger scintillator countershave been
addedandthe muonsystemin the forward region hasbeencompletelyreplaced.Fi-

nally, totally new trigger anddataacquisitionsystemshave beeninstalled. A diagram
of theD@ Runll detectoiis shavn in Figure2.
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Fig. 2. TheD@ Runll detector

Both detectorarenow operatingquitewell, with only someaspect®f the D@ trig-
ger systemremainingto be commissionedDetectorperformanceas now approaching
designgoalsfor mary of the sub-systems A summaryof someof the performance
goalsin Runll is givenin Table2. As canbe seen the detectorshave beenbuilt to
thehigheststandardsendareexpectedo have largely similar capabilities.Several dif-



ferencesareworth mentioning,however, asthey highlight the differencedn mary of
theanalyseshatwill be performedby the collaborationslt shouldbeemphasizedhat
theseperformancaifferencedendto be rathersmall with both experimentsexpected
to beableto measure large rangeof phenomenavith similar precision.

Oneof CDF's main strengthgs their superbtrackingsystem.Their excellentmo-
mentumandvertex reconstructiorresolutiongive theman advantagein several areas
of B-physicswhere nal statesnustbereconstructedisingseveralrelatively low mo-
mentumtracks.D@, onthe otherhand,hasvery strongcalorimetryandmuondetection
coveringa larger solid anglethanCDF's. Thisis especiallyhelpful in someanalyses
of physicsbeyond the standardmodelwheremuon, electronandjet acceptanceare
important.Finally, CDF andD@ have substantiadifferencesn the philosophyof their
trigger systems.While both experimentsusea three-level trigger, with the rst level
usingcustomhardware, the secondusing specialpurposeCPUsandthe third usinga
farm of PCs,animportantdifferencecanbe found at level-1. Mainly becausef the
choiceof the silicon detectorreadoutchip, CDF canissuelevel-1 acceptsat ratesup
to 50 kHz, while the D@ level-1 systemis limited to approximatelys kHz. The main
consequencef this differenceis that CDF canconstructa low-P; tracktriggeraimed
at suchB-physicstopicsassin2 andBs mixing usingfully hadronicdecays. This
extendedevel-1ratecapabilityis notexpectedo give muchadvantagen suchhigh-P;
topicsasvectorbosonstop andHiggsphysicsandphysicsbeyondthe standardnodel,
though,sincesignalratesherearealreadyquite low.

Finally, a word aboutcoordinatesystems.Both CDF and D@ usecoordinatesys-
temswith the z-axis pointing along the protonbeamdirection, the x-axis away from
the centerof the ring andthe y-axis pointing up. Azimuthalangles(in thex vy, or
trans\erseplane)are generallydenotedas , with r measuringhe distancefrom the
beamline in thistrans\erseplane.Thepolarangle, , is measuredrom the z-axisand
pseudo-rapidity , is de ned usingit, asdescribedabove.

3 Physicsand How to Find It

Physicsof interestin proton-antiprotorinteractionsat the Tevatron comesfrom the
“hard scattering”of a pair of (anti)quarksor gluonsthatmake up the p andp. Because
of the large strongcoupling constant,this hard scatteringis governedalmostexclu-
sively by QCD, whichis well-understoodttheseenegies,andgenerallyresultsin the
productionof light quarksor gluonswith subsequergluonradiation.These nal-state



Table2. A comparisorof expectedD@ andCDF detectomperformances Runll.

D@

CDF

Tracking System

Technologies

silicon, scintillating bers

silicon, drift chambers

MagneticField [T] 2.0 14
] ] accept. <3.0(Si),<1.7(CFT) <2.0(Si),<1.0(CQn)
Radii [cm] 2.8-10.0(Si)<52(CFT) | 1.6-10.7(Si)<132(CQN)
Py/Py [%0] 2 0.2 0.7 0.1P,
Impactparamres [ m] 13 50/P; 6 22/
Primaryvtx res [ m] 15-30¢ ) 10-35¢ )
Secondarytx res [ m] 40(r ), 80( 2) 14(r ), 50 2)
MassresJ= ! * [MeV] 27 15
Particle|D pre-shaver dE/dx, TOF
Calorimetry
Technologies uranium-liquidAr lead-scint./prop.-chambe
j ] accept. <4.0 <3.6
Granularity ( ) 0.1 0.1 0.1 0.26
EM res. [%] 14/o E 16/D E
Jetres. [%] 80/'O E 80/J E
Muon System
Technologies drift tubes scintillator drift chambs, scintillator
MagneticField [T] 1.8 0 (central)
j ] accept. <2.0 <15
coverage [%] >90 >80
Shielding int. len. 12-18 5.5-20
Standalone P;/P; [%0] 18 0.3P —
Trigger System
Hardware L1 customelectronics customelectronics
L2 customCPUs customCPUs
L3 PCfarm PCfarm
Acceptrate L1 [Hz] 5000 50000
L2 [Hz] 1000 300
L3 [Hz] 50 50

'S



Table3. Cross-sectiongates(atL =2 10%? cm 2s 1), andevent characteristic®f
variousphysicsprocesseatthe Tevatronin Runll.

Mode X-Sect Rate |<EF'> <EPf" > <ME,> DisplV.
[GeV] [GeV] [GeV] [mm]
Inelasticpp 50mb 10MHz low none 0 none
pp! bb( j<1) | 50 b 10kHz 6 1 0 few
pp! WX ! = X 4nb  0.8Hz high 45 45 none
pp! ZX ! boX 1nb 0.2Hz 45 low 0 5
pp! tt! “+(bjets| 2.5pb 1.8/hour 50 45 50 5
pp! tX (s-chan) | 1pb 0.7/hour
pp! tX (t-chan) 1pb 1.4/hour
pp! WH! ° bb | 26fb  0.4/day 45 45 45 5
pp! Z H! bb | 22fb  0.4/day 45 none 70 5

partonghenhadronizeo producethe particlesobsenedin the detector

SuchQCD processearereferredto as“low-P;” becaus¢hetrans\ersemomenteaof
the objectsproducedn the hardscattertendto have P;'s small comparedo the beam
enepgy. More rare events,suchasvectorboson,top quarkandHiggs productionas
well assignalsof physicsbeyondthe standardnodelarecalled“high-P;” becausehey
containobjectswith relatively large P;.

Also presentin ary hardscatteringevent at the Tevatronare the remnantpartons
of the protonand antiproton,which also hadronizeto form jets of particles,referred
to asthe “underlying event”, traveling basicallyalongthe beamdirection. Occasion-
ally, someof the particlesfrom the underlyingeventareproducedvith relatively large
trans\ersemomentaand contaminatethe productsof the hard scattering,confusing
eventclassi cation.

An ideaof the problemsandopportunitiefacingthosephysicistsstudyinghigh P,
physicsatthe Tevatroncanbeobtainedoy examiningthe rst threecolumnsof Table3.
Eventratesarehigh enoughthatwe will be ableto recordsigni cant samplef some
of the mostinterestingphysicsprocessesHowever, the QCD multi-jet cross-sections
huge— 10 ordersof magnitudenhigherthantop production for example.

As mentionedbefore, productionof relatively low enegy jets by QCD at these



enegiesis awell understoogrocesgalthoughotheraspect®f QCD obsenableatthe
Tevatronare much more interesting). Theseeventsare thereforea major obstacleto
getting at the physicswe don't understandsuchasthat associatedavith the breaking
of the electro-weaksymmetry The rst stepin overcomingthis obstacleis to write
interestingeventsto tapefor of ine analysisatalaterstage.Obviously, it isimpossible
to do this atthe 10 MHz rate of QCD events. So sophisticatedelectionmechanisms
mustbe developedto winnow the few interestingeventsthat occuron a time scaleof
secondso hoursfrom theoverwhelmingQCD backgroundall atafrequeng setby the
pp bunchcrossingtime of 396 ns. This dauntingtaskis the job of thetrigger system,
whichis thereforeoneof the mostcritical elementsn the experimentsat the Tevatron.

Of ine, evenmoresophisticatedlgorithmsarerequiredto producecleansamples
of signaleventswith well-understoodietectoreffectsandlow backgroundevels. This
oftenrequireschoosingspeci ¢ eventtopologiedor study which alsoimpactsthetrig-
geralgorithmsdevelopedto selecttheseeventsonline. For example,decaysof vector
bosongo quarksstronglyresembleQCD events soonly decaydo leptonsaregenerally
used(seeFigure3 for arepresentatie Feynmandiagram).Thetop quarkdecaysearly
100%of thetime viat! bW. Again, leptonicdecaysof the W (for atleastoneof the
topsin the event)tendto give the cleaneseventsamples An exampleis givenin Fig-
ure 3. Finally, Higgs productionat the Tevatronoccursmainly via gluon-gluonfusion
(througha top-quarkloop) with the Higgs thendecayingeitherto bb (for Higgs mass
lessthanabout130 GeV) or to vectorbosonpairs (for higherHiggs masses).While
leptonicdecaysof thevectorbosonde usedto identify Higgseventsin this production
modefor high massHiggses,the bbb nal stateseenin low massHiggs productionis
swampedby QCD produceddb pairs. This forcesusto searchfor alow massHiggsin
it associategroductionmode

pp! H + W(Z)! bo+ " ;00X"; ;09

eventhoughthe cross-sectioror this is lower by almostan orderof magnitudethan
thatfor the gluon-gluonmode. Feynmandiagramsfor low massHiggs productionare
givenin Figure4.

Luckily for triggeralgorithmdevelopersandof ine analyzersit turnsoutthatthese
interestingphysicschannelshareareasonablgmallnumberof simpleeventcharacter
isticsthatallow themto bedistinguishedrom QCD backgroundThesecharacteristics
all arisefrom two generafeatureof QCD eventsathadroncolliderscontrastedo other
(electro-weakphysicsprocesses.
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Fig. 3. Feynmandiagramdgor W productionwith W! (left-side)andtop pair pro-
ductionwith onetop decayingsemi-leptonicallyandthe otherdecayinghadronically
(right-side).

1. The enegy scalesof the QCD hard scatteris setby the enegy distribution of

partonswithin the p andp, which arepealed at low values. This meanghatjets
(andtheir componenparticles)in QCD eventstendto have enegiesthatarelow
comparedo thebeameneqgy. In contrastenegy scalesn the productionof such
objectsasweakbosonstop, Higgs and beyond the SM particlesare setby the
heary massof the primary particle produced.Decayproductsof theseparticles
thensharetheirhighenegies.B-physicseventstendto have enegiesintermediate
betweernthesetwo extremesassetby theb-quarkmass.

Hadronizatiorof nal-state partonsfrom QCD hardscatteringavorsthe produc-
tion of low massnesonandbaryonscontainingight quarks(u, d, s). If unstable,
theseparticlestendto have eithervery shortlifetimes(strongor EM) or verylong
lifetimes. In addition,their low enegy meansthatthey do not producehigh P,
leptonsor neutrinosin their decays.The heavy particlesdiscussedbove, how-
ever, candecayto high P, leptonsor neutrinos.They alsooften have b-quarksin
theirdecaychains.ThesequarksproduceB hadronswith lifetimessuchthatthey
travel severalmm's in the detectorbeforedecaying— topologiesthat are recon-
structibleusingprecisetrackinginformationfrom silicon detectors.

Basedontheseadifferencesashortlist of distinguishingvariablecanbeconstructed

that allow other physicsprocesseso be distinguishedfrom QCD. Theseare shovn
below andtypical valuesfor someof themarelistedin Table3.

1. Jettrans\erseenegy — E.
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Fig. 4. Feynmandiagramsfor Higgs productionthroughgluon fusion (top diagram)
andassociatedHiggs productionwith W'sandZ's (bottomdiagrams).

2. Leptontrans\erseenegy — E{*"

3. Missingtrans\erseenegy — M E;. This canbe causedy the presenceof high
P; neutrinospr othernon-interactingarticles thatarenotdetectecandtherefore
spoiltheenegy balanceof the eventin thetrans\erseplane.

4. Multi-particle verticesthat aredisplacedirom the point at which the pp interac-
tion happened- DisplacedVertices. Suchverticescan arisefrom the decayof
moderatelylong-lived B -hadronghatareproducedat theinteractionpoint.

5. High enegy photons

Thesevariablesandothersderivedfrom them,form thebasisfor mostof thetrigger
andof ine algorithmsusedat CDFandDd@.

4 First Resultsand a Look into the Future

Having seenwhatthe Runll capabilitiesareandgenerallyhow physicsis doneat the
Tevatron,we now turn our attentionto the actualCDF and D@ results.As mentioned
before,only asmallamountof datahadbeenanalyzedtthetime of the SLAC Summer
Institute(10-20pb 1) sotheresultsdiscussedhere whichareall preliminary give only



atasteof whatcanbe done. We will, therefore alsoexaminewhat canbe donewith
Runll dataset,with specialattentionpaidto analysego watchin thecomingyears.

An enormousmountof work hasgoneinto preparingheseresultsandpredictions
andjustice certainly cannotbe doneto their beautyand compleity in a few pages.
Interestedreadersare encouragedo visit the web sitesof CDF® and D@®° for up to
the minuteinformationaboutthe experiments.The preliminaryresultspresentedhere
wereall preparedor the ICHEP conferencen Amsterdam.More detailsonthemcan
befoundin speci c talksandwriteups(therewere21 from the Tevatron)linked off of
the ICHEPO2web page’ Summariesveregivenby F. Bedeschi® and M. Narain!
Finally, predictionsof CDF and D@ sensitvities were taken mainly from the Run i
TevatronPhysicsWorking Groups? andalsofrom someof the resultspresentedtthe
2001Snavmassworkshop®?

One nal note: B-physicsatthe Tevatronwill not be discussedn the following as
it is extensiely coveredby F. Wiirthweinin his contritution to this conference andin
theRunll B-PhysicsWorking GroupReport!*

4.1 QCD

AlthoughQCD eventshave beendiscusseanainly asbackgroundo otherphysicspro-
cessesnary importantstudiesof the strongforcewill be performedat the Tevatronin
Runll. Amongthesearetestsof (Next-to-)Next-to-Leading-Ordern(N)NLO, QCD us-
ing weakbosonP; distributionsandtheangulardistribution of leptonsfrom W decays.
Previousmeasurementsf thesedistributionsarestatisticdimited andmuchmorepre-
cisemeasurementshouldbe possiblein Runll. Direct photonproductionwill alsobe
usedto testQCD andto measurdhe gluon distribution in the protonwhereprevious
resultsareinconsistent.Searchesor deviationsbetweerdataandpredictionsfor well
understoodQCD distributions, suchasthe di-jet invariantmassdistribution, canalso
be usedto detectevidenceof physicsbeyondthe SM. Finally, diffractive physics,such
asstudiesof the propertiesof the pomeronshouldalsoprove to bearich eld in Run
Il.

Aside from theseimportantphysicstopics, QCD remainsa large backgroundor
mary otheranalyseslt mustthereforebethoroughlyunderstoodeforepreciseresults
can be obtained. Someof the issuesthat will be addressedherein Run Il aremore
precisetuning of Monte Carlo event generatorsbettermeasurementsf partondistri-
bution functionsusingW P, distributions,directphotondataandhigh E; jet data,and



developinga betterunderstandingf the propertiesof variousjet- nding algorithms.

Work hasalreadybegun on mary of thesetopics and rst physicsdistributions
were shavn at the ICHEPO2conferencé® As an exampleof the work showvn, D@
hasproducedpreliminaryjet P; spectraanddi-jet invariantmassspectrafor eventsin
twoj | regions(seeFigure5). Although thesedistributionsusepreliminaryvalues
for the jet enegy scaleandarenot fully correctedthey still shov evidenceof events
with jet P; > 400GeV, whichis aninterestingregion bothfor partondensitymeasure-
mentsand new physicssearches CDF hasalso madegreatstrides,shaving the rst
comparisorof three-jetproductionwith a NLO QCD predictionat a hadroncollider.
Agreementbetweenthe dataand the NLO QCD predictionfor the Dalitz variables
Xi = 2Ejet i=Mg e IS quite good(seeFigure6). The measurediotal three-jetcross
sectionin the kinematicallyallowed region, 466 2*2°f pb also agreeswell with the
predictionof 402 3 ph.
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Fig. 5. D@ preliminaryinclusive jet P; distribution (left plot) anddi-jet invariantmass
spectrun(right plot).

4.2 W/Z Bosonand Top Physics

Runll is expectedto producesigni cant advancesin our understandingf the prop-
ertiesof theW andZ bosonsandthetop quark. As canbe seenfrom Table4, event
yieldsfor theseparticlesin Runll will be ordersof magnitudemorethanthosein Run
I. This will allow large improvementsin precisionon existing measurementaswell
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Fig. 6. PreliminaryDalitz distributionsof CDF 3-jet data(left plot) andNLO QCD
prediction(right plot).

asopeningup somenew areasof study A summaryof someof the mostinteresting
electro-weakneasuremenis Runll, comparedo Runl resultsandexpectationgrom
theLargeHadronCollider (LHC), arealsogivenin Table4.

Severaltopicsdesere speci ¢ note. Measuremenof the forward-backvard asym-
metryin Z! "*° eventswith the Runllb datasetwill allow a determinatiorof the
sin? \ to a precisioncomparabldo the currentworld average. The precisionon the
massmeasuremendf theW andthetop quark,for eachexperimentwill beimproved
to approximately\30 MeV and3 GeV respectiely in Runlla. Thesevariablesaresen-
sitive to the Higgs massbecaus®f loop corrections. Comparinghe Higgsmassvalue
predictedfrom My, , M, andotherelectro-weakvariablesto the valuethatis found if
the Higgsis obseredwill bea stringenttestof whetherthe obsernedHiggsis aspre-
dictedin the SM. Measuringthe decay<f thetop to alongitudinally polarizedwW and
ab-quarkwill provide atestof theV A structureof the weakinteractionin the top
sector Finally, a new areathatwill openup in Run Il will be single-topproduction
throughW -bosonexchangdn thes- andt-channelsFeynmandiagramdor thesepro-
cesseareshavn in Figure7. This will allow, for the rst time, adirectmeasurement
of theCKM matrixelemenj Vy, j. Predictiondor the precisionof thesemeasurements
comparedo currentandfuturevaluesaregivenin Table4.

CDF and D@ have producedrst resultson the roadto theseexciting measure-



Table 4. Expectedevent yields and measuremenprecisionsfor variousW, Z and
t-quarkobsenablescomparedhe currentstatusandpredictionsfrom the LHC.

Measurement Current Run Il / exp. LHC
(2fb 1) (15fb 1) (10fb 1)
reconstrw! ° 77k 2300k 17250k 6 10’
reconstrZ! “*° 10k 202k 1515k 6 1C°
reconstrpp! tt! “+jets 20 800 6000 8 10°
reconstrpp! tX 0 150 1200 1.7 10
(Ref. 16) (Ref. 16) (Refs18,19)
sSin? w 51 10 4 4 10 4 | 1.4 10 % (100fb 1)
(Ref. 20) (Ref. 21) (Ref.21)
Mw [MeV] 39 27 17 10
M:[GeV] 5.1 2.7 1.3 <2
(Ref. 22) (Ref. 23) (Refs18,19)
My /My [%] 58 35 25 18
(Ref. 23)
BR(t! W,b) [%] 42 9 4 1.6
(Ref. 24) (Ref. 17) (Ref. 19)
(pp! tX) <13.5pb | 20% 8%
i Vib — 12% 5% <5% (100fb 1)
(Ref. 25) (Ref. 17) (Ref. 19)
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ments!®l” Hundredof Z! “** andthousandefW! * eventshave beenobsenred
(seeTable5) and CDF haseven obsered a W'! signalas an excessof one-and
three-trackjets (most decayshave one or three chaged particles)in eventswith
narrav jets consistentwith W'! production(seeFigure8). First measurementsf
cross-sectiotimesbranchingratio have alsobeenmadefor bothW andZ production
in the electronandmuonchannelsasshawvn in Table5 andFigure9. Thesemeasure-
mentsare quite consistenwith theoreticalpredictionsandshaw clearly the evolution
of the cross-sectiomwith enegy whencomparedvith previousmeasurements.

A preliminarymeasuremerdf theW width hasalsobeenmadeby bothcollabora-
tionsusingthe ratio of the W to Z cross-sectiotimesbranchingratio measurements
(seeTableb). Thistechniqueeliesoninputfrom LEPfortheZ! e€"e branchingatio
andfrom theoryfor a predictionof theW/Z cross-sectiomatio andis notthe ultimate
methodthat will be usedto determinethis quantity usingRun Il data. However the
goodagreementvith thetheoreticapredictionis anindicationthatwe areon theright
trackto makingcompetitve measurementssingW'sandZ's.

Preliminaryresultsfor otherproductionpropertiesof vectorbosonsarealsobeing



Table5. Numbersof candidateV andZ eventsin the electronandmuondecaychan-
nelsobsenedby CDF andDd@. Also shovn arepreliminarymeasurementsf W and
Z productioncross-sectiotimesbranchingratio measurementsith errorsfrom event
statistics systematiceindthe luminosity measuremenin thatorder

Channel Candidates B R [pb]
CDF D@ CDF D@
W! e 5547 9205 | 2600 30 130 260 2670 60 330 270
Z! e'e 798 328 — 266 20 20 27
W! 4561 — 2700 40 190 270 —
z! 170 57 — —
w [GeV] | 2.118 0.0422 | 1.67 0.24 0.14 2.26 0.18 0.29 0.04
(world ave) ( stat,syst) ( stat,syst,theory)

made. CDF hasproduceda rst distribution of the forward-backvard asymmetrys
e'e invariantmasdorZ! e"e events.Rememberthatthiscanbeusedo determine
sin? . Althoughstatisticsarestill limited, the dataagreesyuite well with theoretical
expectationsaascanbeseenn Figurel0.

On the top quark side, D@ hasbegun the processby examining W +jets events.
Theseare interestingfor mary analyseswith top eventsinhabitingthe W+ 3-jets
sampleandHiggspossiblyshaving upin W/Z+ 2-jets. Althoughstatisticsarestill to
low to have obsenedary top events(let alonetheelusive Higgs)the D@ datashovnin
Figurell indicatethatwe have madea strongstart.

4.3 The Higgs

Oneof the mostexciting prospectgor Runll atthe Tevatronis the possibility of dis-
coveringtheHiggs. The opportunityis evidentfrom anexaminationof Figures12 and
13. Figure12, whichis the LEP ElectraveakWorking Group t of the Higgs massto
precisionelectro-weakobsenables?® indicatesthat, if the Higgsis SM-like, it should
belight. The t givesMy = 813 GeV, or My < 193 GeV at 95% CL, which is
compatiblewith directsearchesit LEP 1126 thatlimit this rangeto My > 114.4GeV
at95%CL. A light Higgsis alsorequiredby the minimal supersymmetriextensionto
the SM, whichrestrictsthelightestHiggsmasgo belessthanapproximatelyl35GeV.
All of this is good news for the Tevatron,ascanbe seenfrom Figure 13. Giventhe
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luminositieshopedfor in Runlib, we shouldbeableto see3 evidencefor anSM-like
Higgsup to masse®f aboutl80GeV.

To accomplistthis feat,however, informationfrom all Higgsproductionanddecay
modesmustbe used.

My < 130GeV:gd®! W/ZH! ° bb, bb " boqggdb
My > 130GeV:ggl H! W*W /Z/z1 [+, e

Nearly all aspectof the detectorswill be usedin thesesearchesHowever, triggers,
particularlythoseinvolving leptonsandjets+M E;, will needto be nearly 100% ef -
cieng for Higgsevents,andb-quarkidenti cation will haveto besuperb-with tagging
ef ciencies of 60—75%andbbresonancenassresolutionof 30%required.

The gameis particularlyintensebecausdghe LHC experimentsshouldbe ableto
seenearlyary type of Higgswithin ayearof their start. This hasmotivatedCDF and
D@ to startlookingatHiggssignaturegventhoughseveralyearsworth of accumulated
luminositywill berequiredbeforeeventhe LEP limits canbe passed D@ hasstarted
theprocesdy looking for eventscontaininge® e andM E; (Refs16,17).Excessesf
sucheventsover SM backgroundsrepredictedn modelswherethe Higgscouplingto
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fermionsis suppressedn thesecaseghebranchingatioof H! W*W is 98%for
My >100GeV Preliminaryresultsfrom D@ areshownn in Figurel14. No excessabove
predictedbackgroundss obsenedwith the9 pb ! analyzed Eventhoughno signalis
obsenedthis studyis importantin thatit increasegon dencein our ability to model
backgroundso Higgsproduction.

4.4 Beyondthe Standard Model

The limitations of the SM lead mostphysiciststo believe thatit cannotbe the whole
story behindthe fundamentalforces of nature. Unfortunately no evidencefor ary
chink in the armor of the SM hasyet beenfound, althougha bewildering array of
theoreticalmodelshave beenproposedo addresghe SM's shortcominggseeRef's
27-31). Becauseof the excellentdetectorcapabilitiesand the large dataset, Run lI
shouldbeafruitful eld in whichto searchfor signalsof physicsbeyondthe SM.

Sensitvitiesfor asampleof new physicstopicsareshavn in Table6. While thislist
showvs only thetip of thenew physicsiceben, it doesgive a senseof the capabilitiesof
the Tevatronin beyondthe SM searchesA few commentsaboutthe entriesin thelist
arein order

Given the ad hoc natureof electro-weaksymmetrybreakingin the SM, several
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theoreticalframeavorks have beendevelopedto attemptto explainit. Oneexampleis
supesymmetryor SUSY?? which postulatesuperpartnerbaving particleswith spins
differing by onehalf a unit from all known SM particlesaswell asanextendedHiggs
sectorcontaining ve physicalHiggsstateslIn its raw state, SUSY containamorethan
100parametersallowing it to predictalmostany typeof newv phenomenothatcouldbe
obsened. This situationcanbe improved (from anexperimentalist point of view) by
makingvarious,well motivated,assumptiongsboutrelationshipdetweerparameters.
Differenttypesof assumptiondead to differentversionsof SUSY, one of the most
popularof which is the Minimal SupersymmetriStandardvodel, or MSSM, where
only ve parametersre requiredto describedthe model. (SeeRef. 27 for a good
overview.)

Another possibility is tecnicolor,®® which breakselectraveak symmetrywhen
the interactionsof an extendedgaugesymmetrycontainingextra multiplets of tech-
nifermionsbecomestrong. Still anotheroptionliesin theorieswith large extra dimen-
sions3* which solvesthe problemof the disparity betweenthe Planckscaleat which
gravity is strongandthe electro-weakscaleby assuminghatthe naturalenegy scale
of gravity, (M) actuallyis nearthe electro-wealscale.This assumptioris madeplau-
sibleby postulatingheexistenceof extra spatialdimensionsn which gravity alsoacts,
andleadsto thepredictionof anumberof new graviton stateswith variouscouplingsto
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fermionsandbosons Othertheoriegpredictanenhancemenn therateof decayf the
top quarkthatarehighly suppresseh the SM3® or the existenceof heavier versionsof
theW- andZ -bosons®

As canbe seenfrom Table 6, the precisionwith which all of thesetheories(and
mary more)canbetestedwill be substantiallimprovedin Runll atthe Tevatron.

First attemptsat searchingor new physicssignalshave alreadybeenmadeby the
D@ collaboratior* Gaugemediatedmodelsof supersymmetrcan give scenarios
wherethe lightestsupersymmetriparticleis the gravitino (the partnerof the graviton)
andthe next to lightestsupersymmetriparticleis aneutralino, 9 (oneof the partners
of the neutralgaugebosonsand Higgses)or a slepton(one of the lepton partners).
Thesdeadto decaymodesof thetype:

pp! gaugino$ W=z= + ¢ 9 + GG+ X:

The gravitinos, G, do not interactin the detectorand are detectedas missingeneny.
Resultsof the searchare shown in Figure 15. Although the sensitvity with the 10
pb ! collectedso far is too small to exclude ary of the SUSY parameteispace,an
approximatelymodelindependentower limit for the cross-sectiomf this processhas
beensetat 0.9 ph.

Another possibility for extensionsof the SM is lepto-quarkmodels,where new



Table6. A selectionof new physicssensitvities at the Tevatronin Runll comparedo
the currentstateof knowledgeandLHC expectations.

Sensitvity
Model Curr ent Excl. Run Ilb LHC (100fb 1)
MSSM 0.5 tan <24 all5 all
(tan ;M,) (Ref. 37) (Ref. 27)
Technicolor > 600 > 850 800
(M 1 g [GeV]) (Ref. 39) (2fb 1, Ref. 39) (Ref. 38)
ExtraDim. >1.0-1.4 2.1-35 6-9
(Ms [TeV]) (Ref. 39) (Ref. 40) (Ref.41)
RareTop (t! 9Z) <33% 2 103 2 10 ¢
t' q) <3.2% 2 104 34 10°
(Ref. 42) (Ref. 17) (Ref. 19)
New bosons > 690 900-1200 5000
(Mzo[GeV)) (Ref. 39) (Ref. 39) (Ref. 43)

particlesexist that carry both quark and lepton quantumnumbers. D@ hassearched
for suchparticlesin the 2-electront 2-jet channelunfortunatelywith no succesgsee
Figure16). Thisallows alimit onthe presumedepto-quarkmassof, M o > 113GeV

to besetatthe 95% CL (assuminghebranchingratio to this modeis 1).

Finally, D& hasalsolookedfor gravitonsarisingin theorieswith large extradimen-
sions.Suchparticlescandecaytotoe* e or  andinterferewith the SM production
mechanismgor these nal states.A two-dimensionabistribution of diEM (electrons
andphotonsarenot distinguished)nvariantmassvs. the cosineof the scatteringangle
in the centerof-massframe of the hardscatteris shovn in Figure17. Again, the data
distributionis indistinguishabldrom the SM predictionallowing a limit onthe funda-
mentalscaleof gravity to be setat Mg > 0.82TeV, in Hewett's corvention?® This
comparedavorably with the limit setin the D@ Run| search- Ms > 1.2 TeV (Ref.
46).
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events.

5 Conclusions

From QCD studies,to electro-weakprecisionmeasurementgp probesof CP viola-
tion and searchedor as-yetundiscweredparticles,the Run Il physicsmenuis full

of interestingtopics. We have seenthat world-bestlevels sensitvity are expectedfor
a wide rangeof importantmeasurements Runll. First physicsresultspresentedat
the ICHEP conferencen July, 2002indicatethatwe arewell ontheway to achieszing
thesegoals, with detectorperformancedeginning to approachdesignspeci cations
andsophisticate@dnalysisechniquedeingtunedup. Of coursewith suchanexciting
program,things are not standingstill at Fermilab Acceleratorand detectorperfor

mancesare continuingto improve. In fact, with the steadyrunningwe have enjoyed
throughthefall we shouldhave a datasampleof 50 pb * or moreby theendof theyear
andconcevably 250pb ! (morethantwice the Run| sample)in time for the summer
Furtherin thefuture,a new seriesof upgradedo the machineandthe detectorshould
allow usto collect15fb ! by thetime LHC startsup. With datasetsof this size,alow
massHiggsis well within our grasp.Thebestis clearlyyetto come!
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Fig. 17. Distributionsof diEM invariantmassvs. centerof-massscatteringanglein
the D@ large extra dimensionssearch.The SM predictionis shavn in the upperleft,
the D@ datain the upperright, the predictionfor an extra dimensionssignalin the
lower-left andthe QCD backgroundo the searchn thelower-right.



