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Abstract. As of Novemberof 2007,the CDF detectorhasrecordedapproximately2.7 fb—1 of
data.This contribution describessomeof the mostrecentand mostrelevantresultsfrom the CDF
collaborationin all areasof its wide physicsprogram,aswell assomeinsightsinto the Tevatron
reachfor Higgs searchesvithin the next few years.
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INTRODUCTION

The physicsprogramof the CDF collaborationincludesthe study of jet production,
heary flavor production,electraveak and top physics,as well as searchedor Higgs
andmanifestation®f physicsbeyondthe Standardviodel (SM). Theseprocessebave
productioncrosssectionswhich spanover nine ordersof magnitude from about10°

pb for inclusive jet production,to the smallestcrosssectionsever measuredt hadron
colliders,of theorderof 1 pb, for WZ, singletop, ZZ andHiggsproduction Run2 of the
Tevatronstartedin March of 2001, aftera significantupgradeof the detector{1]. Since
then, CDF haspublishedover 140 articles,with 45 publicationsin 2006, 30 (expect
to reach~ 40)in 2007,andover 50 publicationswhich arestill underinternalreview.

Someof the CDF physicshighlights from Run 2 include: obsenation of Bs mixing,

DO — DO (charm)mixing and new baryonstates the single mostprecisetop massW

massandW width measurementsbsenationof WZ andZZ production stringentimits

on anomaloudriple gaugecouplings,evidencefor single top production,significant
exclusionor reachin severalbeyond SM models,andconstansensitvity improvements
in HiggssearchesThis contributionfocuseson someof theresults prganizedoy physics
topic accordingto thefollowing outline:

+ QCD

— Inclusive anddijet crosssection
» Heavy Flavor

— Bs oscillations

— Bs lifetime, Al'g

—Bs— putu~ _

— Charmmixing (D° — DO)
+ Electroveak

— Mw andFW



- WZ andzz
- Top
— |\/|t
— tt crosssection
— Singletop
+ HiggsSearch
— StandardModel Higgs

— MSSMHiggs

+ Beyond SM Searches
— SUSY

— Extradimensionst gravitons
— Heavy resonances

QCD

Thestudyof jet productionat hadroncollidersprovidesanimportanttestof perturbatve

QCD (pQCD) predictions,with a crosssectionwhich spansover eight ordersof mag-
nitude as a function of jet pr. The high pr tail probesdistancesiovn to ~ 1071° m

andis sensitve to new physics(suchasquarkcompositenessandthe measurementf

the differentialcrosssectionasa function of pr andrapidity canbe usedto constrain
the PDFsat high x andQ?, particularlythe gluon PDFswhich arepoorly known in this

kinematicregion.

Inclusive Jet CrossSection

From a datasamplewith an integratedluminosity of 1.13fb~1, inclusive jet events
are selectedby requiring at leastonejet with pr > 20 GeV/c andrapidity |y| < 2.1.
Jetsarereconstructedisingthe Midpoint jet clusteringalgorithm[2] with coneradius
R = 0.7 and meme fraction fmege = 0.75, andtheir enegy is correctedfor detector
effectsdown to the hadronandpartonlevels. Theinclusive differentialjet crosssection
is splitinto five rapidity regionsbasedon detectorgeometry:y| < 0.1,0.1 < |y| < 0.7,
0.7<y|<11,11<|y|<1.6andl.6< |y| < 2.1.Figurel shavsthemeasurea@ndthe
predicteddifferentialinclusive jet crosssectionasafunctionof jet pr. Goodagreement
with NLO pQCD predictionsis obsenedin all the jet rapidity regions. The figure also
shows the data/theoryratio. The overall experimentaluncertaintyin the forward-most
rapidity region is smallerthanthe PDF uncertainty so this measurementanbe useful
to constrainglobal PDFfits.

Di-jet CrossSection

Using the samedatasampleandthe samejet clusteringalgorithmdescribedabove,
eventsareselectedvith atleasttwo central enegeticjets.Eachjet mustsatisfypy > 20
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FIGURE 1. Left: Thesolid pointsandlines arethe measuredlifferentialinclusive jet crosssections
asa functionof pr for the differentrapidity regions.The dashedpointsandlinesrepresenNLO pQCD
predictions Right: data/theorydifferentialcrosssectionratio.

GeV/c and |y| < 1.0, and only eventswith a dijet invariantmassm;; > 180 GeV/c?
are consideredFigure 2 shavs the measuredifferential crosssectionas a function
of invariantdijet masstogethemwith NLO pQCD predictionsaswell asthe data/theory
ratio. Goodagreemenis foundwith theoreticapredictiongn theentiredijet masgange.
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FIGURE 2. Left: Thesolid pointsandlines are the measuredlifferentialinclusive jet crosssections
asa functionof pr for the differentrapidity regions.The dashedpointsandlinesrepresenNLO pQCD
predictions Right: data/theorydifferentialcrosssectionratio.



HEAVY FLAVOR PHYSICS

The study of heary flavor at the Tevatron hasthe advantagethat the bb and cc cross
sectionsarelarge andthatall b andc hadronspeciesare producedthanksto the large
centerof massenegy available.However, the overall inelasticpp crosssectionis very
largeandeventsaretypically very busy, resultingin very largebackgroundsT his makes
it necessaryo usetriggersspecificallydesignedo selectheavy flavor events,following
two basicstrateies:

Lepton triggers (U, €): selectsemileptonicand leptonic decaysof b and ¢ hadrons
providing a cleansignaturan a hadronicervironmentwheremosttracksarepions.

Displacedtrack triggers: Selectdecay=f B andD mesonavhich have long lifetimes.
Requiresvery fasttrack andimpactparametereconstructionn busy events,per
formedat CDF by the Silicon Vertex Trigger(SVT) [3].

In additionto the corventionaldimuon (J/) trigger and displacedtrack plus lepton
trigger (usedfor semileptonianodes) the CDF-Il detectothasa uniquetwo-displaced-
trackstriggerwhich allowsto triggeronfully hadronicdecays.

Bs Oscillations

Oscillation of B mesonsfrom particle to antiparticledue to flavor-changingweak
interactionshasbeenestablishedh the By andBs systemsgonfirmingtheinterpretation
of the obsened“heavy” and“light” masseigenstateasa superpositiorof the particle
and antiparticle flavor states.The obsenation of Bs oscillation and the subsequent
measuremendf its frequeny are amongthe mostimportantresultsfrom Run 2 of
the Tevatron.Togethermwith a precisedeterminatiorof the By oscillationfrequeng, the
ratio of the CKM matrix elements|\iq4|/|Vis| can be determinedwith high precision,
contrituting to a stringenttest of the unitarity of the CKM matrix. Using 1 fb~! of
data, CDF triggers both on semileptonicand fully hadronicBs decaysthanksto its
unique SVT trigger. The time evolution of Bs mesonsthat decaywith the sameor
oppositeflavor astheir flavor at productionis studiedas a function of properdecay
time, measuredrom the distancebetweermproductionanddecaypoints.The Bs flavor at
decayis determinedunambiguouslfrom the chagesof the decayproducts.The flavor
at productionis inferredfrom characteristic®f b quark productionandfragmentation
in pp collisions,which give rise to several “flavor tagging” characteristicsuchasthe
chage of the lepton, kaon, or b-jet tracksin the side oppositeto the trigger Bs, the
chage of fragmentationkaons,and the chage of the kaonsin the sameside as the
trigger Bs. Figure 3 shows the resultof an amplitudescanof the Bs time evolution as
a function of the oscillationfrequeny Ams. The amplitudeof sucha scanshouldbe
zerofar from the true oscillationfrequeng, andunity closeto the true frequeng. The
probability that the backgroundwith no oscillation)fluctuatesto give sucha signalis
~ 8x10-8, equivalentto a 50 fluctuation.The Bs oscillationfrequeng is determinedo
beAms = 17.77+0.10(stah 4 0.07(sysd ps 1, andwe determingViq|/|Vis| = 0.2060+

0.0007(exp) F3-382 (theon), no longerlimited by experimentalprecision.
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FIGURE 3. Measurecamplitudevaluesanduncertaintieversushe B — Bs oscillationfrequeng Amg.
At 17.77ps™! theamplitudeis consistentith oneandinconsistentvith zeroat 5 standardieviations.

Bs Lifetime Differ enceAl g

The masdifferencebetweernthe heary andlight masseigenstatedetermineshe os-
cillation frequeng of Bs mesonsAnotherquantitywhich determineghetime evolution
of Bs mesonss the decayratedifferenceAl’s =T — Ny . Assumingno CP violation,
the light andheary masseigenstatetiave well definedCP parity, andthereforediffer-
entangulardistribution of its decayproducts A simultaneoudit to mass|ifetime, and
angularvariablesin Bs — J/{ ¢ decaysallows to separatehe CP evenstateBg from
the CP odd stateBsy and measurehe lifetime difference Figure4 shaws the lifetime
andmassprojectionsof suchafit. Fixing the CP violating phaseg; = 0 in thefit yields
AT s = 0.076"39%%(stay + 0.006(sysy ps~?, consistenwith the SM predictionof 0.096

ps~1, anda meanlifetime cts = 456+ 13(stad & 7(syshum.

Bs/Bd — HH

In the SM, the flavor changingneutral current (FCNC) decaysBs/By — ptu~
proceedthroughloop diagramssuch as the one shavn in figure 5 (top-left) and are
heaiily suppressedThe SM predictsthe branchingratios (BR) BR(Bs — u*tu™) =
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FIGURE 4. Massandlifetime projectionsof the Bs fit result.

(3.44+0.5)x107% andBR(Byg — u* u~) = (1.00+0.14)x10~1°, belov CDF sensitvity.
However, in severalSUSY scenariosuchasMSSM, RPV andmSUGRAthesebranch-
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FIGURE 5. Top-Left:a SM box diagramfor Bs — pu decay Bottom-Left: SUSY decayenhancedy
Higgsflavor violating diagram.Right: DimuoninvariantmassversusNN outputfor dimuoncandidates.

ing ratios canbe boostedby a factor of the orderof 100 dueto diagramssuchasthe
oneshavn in figure 5 (bottom-left). Using a neuralnetwork (NN) to selectsignaland
suppresdackgroundsn 2 fb~1 of data,CDF searche$or B— ut u~ decaysFigure5
(right) shaws the invariantmassdistribution vs NN outputfor dimuoncandidatesNo
significantexcessis found, andthe following 95% confidencdevel (CL) limits areset



onthebranchingatios:

« BR(Bs— uT ™) < 5.8x108 @ 95%CL
« BR(Bg— putu~) < 1.8x10°8 @ 95%CL

Thesearethebestlimits to date.

Charm Mixing (D° — DO)

The first evidencefor charmmixing was presentecdy BELLE andBaBarin 2007.
Sincecharmis an up-type quark, top cannotparticipatein the mixing loops and the
resultingmixing is suppressedomparedo thatin thebottomandstrangesectorslsing
1.5fb~* of data,CDF hasfoundevidenceof charmmixing from the studyof thecharm
mesordecayD*+ — D — v K~ rrt, whichis aCabibbofavored(“right sign”, RS)
decayandD** — D% — *K* 7, which resultseitherfrom D° mixing or from a
doubly Cabibbosuppresse@‘wrong sign”, WS) decay Theratio of WS to RS decays
asa function of time canbe expressedasR(t) = Ry + Y+/Rat + (X + y?)t?/4, where
X andy' arethe charmsectormixing parametersvhich are relatedto Am and Al of
the DY and DY, masseigenstatesrigure 6 shaws a fit to the ratio of WS to RS charm
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FIGURE 6. Left: Ratioof “wrong sign” to “right sign” charmmesondecaysasa function of proper
time, and resultingfit to R(t). Right: Bayesianprobability contoursin the x2-y’ plane. The contours
correspondo 1,2,3and4 standarddeviations. The solid point is the resultof the fit to R(t), the open
diamondis the most probablevalue for physically allowed (non-ngyative) valuesof x2, and the cross
indicateshe no-mixingpoint (0,0).

mesondecaysasa functionof DO lifetimes,aswell astheresultingBayesiarprobability
contoursin thex'?-y’ plane.The no-mixing point (X2 =y’ = 0) lies outsidethe contour
equialentto 3.80, with a probability of 0.013%.This constitutesevidencefor charm
mixing with a significancecompetitve to thatof BELLE andBaBat



ELECTR OWEAK PHYSICS

At the Tevatron,W andZ bosonsare predominantlyproducedhroughqq annihilation

andidentified mostly by their decayinto electronsor muons.The studyof their prop-

ertiesconstitutean importanttestof the SM. The large samplesof W andZ candidate
eventscollectedby CDF allow precisemeasurementef several electraveak observ-
ables suchasinclusive anddifferentialcrosssections\WW masswidth andchageasym-
metry, dibosonproductionandgaugebosonself-couplings.

W Massand Width

TheW massandwidth areimportantparametersf the SM. Radiatve correctiongo
Mw aredominatedy Higgsandtop-bottomloops,andthereforeaprecisedetermination
of thetop andW massplaceanindirectconstrainon the massof the SM Higgs boson.
A precisemeasuremertf 'y providesa stringenttestof SM predictions.TheW mass
and width are measuredising 200 and 350 pb~! of data,respectiely. Candidatew
bosoneventsare selectedby requiring an isolated,high enegy electronor muonand
large missingtrans\erseenegy (Er) dueto the undetectecheutrino.A Monte Carlo
simulationis usedto predictthe chagedlepton pr, the & andthe W trans\ersemass
distributionsasa functionof My andlMy.

The W massis extractedfrom templatefits to the pr of the leptonsand to the

transersemass,definedas M, = \/pr} pY cogAp), where Ag is the differencein

azimuthalangle betweenthe chaged lepton and the neutrino. The fits are performed
in the regions aroundthe peakof the distributions. Figure 7 shows a trans\ersemass
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FIGURE 7. Transwersemassfits for My in W — ev (left) andW — uv (right) events.Thefit is
performedn theregion 65-90GeV/c2.

fit for W — ev andW — uv candidateevents.Combiningelectronandmuonchannels



with fits to pt and & yields My = 80413+ 34(stab + 34(sysh MeV/c?, the world’s
mostprecisesinglemeasurementith atotal uncertaintyof 48 MeV/c2.

TheW width is extractedfrom templatefits in the high M}, tail region, which is most
sensitveto INy. Figure8 shavsatrans\ersemasdit for W — ev andwW — uv candidate
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FIGURE 8. Transwersemassfits for Ny in W — ev (left) andW — puv (right) events. The fit is
performedn the region 90-200GeV/c?.

events. Combining electronand muon channelsyields My = 2032+ 71 MeV/c?, the
world’s mostprecisesinglemeasuremenin goodagreementvith SM predictions.

WZ and ZZ Production

While W andZ vectorbosonsarereadily producedat the Tevatron, pair production
of vectorbosonds far morerare. Theseprocesseprobegaugebosonself interactions,
animportantconsequencef the J (2). ® U (1)y structureof the SM. Crosssections
which deviatefrom SM predictionswvould beindicative of physicsbeyondthe SM. CDF
measuretheWZ andZZ crosssectionsn eventswith multiple leptonsand/ordarget in
thefinal state yielding alow numberof eventsbut very cleansignaturesTheseanalysis
benefitgreatly from an improved lepton acceptanceavhich resultsfrom exploiting all
availabledetectornformationwhendefiningleptons.

TheW?Z crosssectionis measuredn a 1.9 fb~! datasampleusingeventswith three
chagedleptonsandlarge & in thefinal state. Thecrosssectiontimesbranchingatiois
low, butthesignalis very clean A total of 25 eventspassheWZ selectiorrequirements,
with a SM predictionof 22+ 3 events.Figure 9 (left) shows the & distribution for
WZ candidateeventscomparedwith the SM expectationsThe measureatrosssection
is 0(WZ) = 4.3711 pb, wherethe uncertaintyis largely dominatedby the statistical
uncertainty Thisis in goodagreementvith the SM NLO predictionof 3.7 + 0.3 ph.

The ZZ crosssectionis measuredn a 1.1 fo~! datasample.The selectionof four
isolated,enepgetic chaged leptonsyields only one event over an expectedSM total
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FIGURE 9. & distributionfor WZ — ¢¢4v candidategomparedo SM expectationgleft), anddistri-
bution of thelikelihoodratio (LR) for ZZ — £¢vv candidategright).

of 2.5 events.The crosssectionis measuredn the ZZ — ¢/vv channelby selecting
eventswith large & andtwo oppositelychaged,sameflavor leptonswith invariantmass
closeto the Z mass.In orderto separateZzZ from the WW backgroundan event-by-
eventprobabilityis calculatecbasedn all theavailablekinematicinformation.Figure9

(right) shaws the resultinglik elihood ratio discriminant(LR), which is fit to extract
the signalyield. Combiningwith the four chagedleptonchannelthe measuredross
sectionis 0(ZZ) = 0.75" 8:5}1 pb, the smallestcrosssectionever measuredt a hadron
collider, with asignalsignificanceof 3. Thisis consistentvith the SM NLO prediction
of 1.4+0.1 ph.

TOP PHYSICS

The top quark,discoveredin 1995by the CDF and DO collaborationsjs the heaviest
known fundamentaparticle.lts Yukava couplingto the SM Higgsis roughly one,and
thereforetop might play a specialrole in electraveaksymmetrybreaking.Becauseof
its large mass,radiative correctionsto other SM obsenablesare dominatedby loops
involving top, anddependstronglyon the top mass A precisedeterminatiorof M; and
Mw helpsconstrainthe massof the SM Higgsboson.

At the Tevatron,topis mainly producedn tt pairsvia the stronginteractionin quark-
antiquarkannihilationandgluon-gluonfusion. Singletop productionhasa smallercross
sectionandinvolveselectraveakproductionof atop quarkvia theWtb vertex by at or s
channelexchangeof avirtual W boson.Onceproducedit decaysvirtually 100%o0f the
timeinto aW andab, t — Whb. Thetop lifetime is so shortthatit decaysbeforeit has
time to hadronize Thefinal statethereforedepend®n thedisintegrationmodeof theW
bosonsandhasjetsfrom the hadronizatiorof b quarks.



tt CrossSection

Measuringthe tt productioncrosssectionin differentchannelds animportanttest
of pQCD predictions.In addition, the crosssectionanalysisestablisha baselinefor
top quark sampleswhich are usedto study other top propertiessuch as the mass,
and to estimatetop related backgroundswhich are importantin mary searchedor
physicsbeyond the SM. Sincetop productionhasa very small crosssectionand the
backgroundsretypically large, theseanalysisneedan eventselectionto obtaina data
samplewith good S/B, anda precisedeterminatiorof the dominantbackgroundsind
of the overall signal acceptanceFigure 10 (left) shavs the signal and background
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FIGURE 10. Summaryof backgroundsindsignalasa function of jet multiplicity for tt crosssection
measurementi the dilepton channel(left) andin the lepton+jetschannelwith b tagging(right). The
low jet multiplicity bins are usedas control regions andthe crosssectionis measuredn the large jet
multiplicity bins,with largett acceptance.

contritutionsas a function of jet multiplicity for the “dilepton” tt sample whereboth
W bosonsdecayinto electronor muon. The zeroandonejet bins, whereone expects
little top contribution, are usedas a control region, andthe crosssectionis measured
in the bin with > 2 jets,wheremostof the top signalis expected.The measureaross
sectionis oy = 6.16+ 1.05(sta) +0.72(syst + 0.37(lumi) pb. Figure10 (right) shovs
the signal and backgroundcontributions for the “lepton+jet” tt sample whereoneW
decaysdnto electronor muonandthe otherto quarks(resultingin morejestsin thefinal
state).In orderto enhancehe top to backgroundatio, eventsare requiredto have at
leastoneb-taggedet. Theoneandtwo jet binsareusedascontrolregionsandthecross
sectionis measuredn the three,four and > 5 jet bins. The measurecdtrosssectionis
Oy = 8.2+ 0.5(stat) + 0.8(syst) + 0.5(lumi) phb.

CDF measureshett crosssectionsn mary differentchannelsaindfindsall measure-
mentsto be consistentwith eachotherand with theoreticalpredictions,as shown in
figurell.
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FIGURE 11. Summaryof CDFtt_crosssectionmeasu_rementSeft), whereatop massof 175GeV is
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theoreticapredictiong(right).

Single Top

Single top productionis interestingbecausat probesthe Wtb electraveak vertex,
allowing a direct measurementf the Vy, CKM matrix element.The NLO production
crosssectionspredictedat the Tevatronare os = 0.88+ 0.11 pb for s-channelproduc-
tion and gy = 1.98+ 0.25 pb for thet-channel[4]. Thetiny crosssections,combined
with very largebackgroundsnake it impossibleto extracta singletop signalusingcon-
ventionalcountingexperimentsinstead multivariatetechniquesuchasmatrix element
discriminantsor multivariatelik elihoodsarerequired.Using thesesophisticatednaly-
sistechniquesgombinedwith moreintegratedluminosity, CDF hasfound evidencefor
single top productionand measuredts crosssection.Figure 12 (left) shows the mul-
tivariatelik elihooddistribution for dataandthe expectedcontributionsfrom singletop
and backgroundsThe obsered signal significanceis 2.70 andthe overall single top
crosssection(both s andt channels)s measuredo be sigma. = 2.7+ 1.2 phb. Fig-
ure 12 (right) shows the matrix elementevent probability discriminantfor dataandthe
expectedcontributions from single top and backgroundsThe obsered signal signifi-
canceis 3.10 andthe measuredrosssectionis sigma.: = 3.0+ 1.2 pb. Assuminga
SM (V — A, CP conserving)Wtb vertex, thesemeasurementsan be translatednto a
directmeasuremertf Vi, yielding Vi = 1.02+ 0.18(experimenj £ 0.07(theory).

Top Mass

The top massis a fundamentalparameterof the SM. As statedearlief a precise
determinatiorof M; helpsconstrainthe SM Higgs massandreduceghe uncertainties
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of dominantradiatve correctionsto other SM obsenables.The reconstructiorof the
topmasspresentseveralexperimentakhallengesQuarkshadronizeo form jetswhose
enegy mustbe correctedbackto the partonlevel, makingit crucialto have a precise
jet enegy scale(JES).The assignmenbf the obsered final statejets to the partons
from the leadingordertt productionprocessusuallyhasseveral possiblepermutations,
a problemwhich becomesaven worse with the presenceof gluonsfrom initial and
final stateradiation. Neutrinosfrom leptonic W decaysescapedetection,and their
undeterminedongitudinal momentumgives rise to non-unique“neutrino solutions”.
Finally, top sampleshave non-ngligible backgroundsvhich mustbe accountedor in
themassdetermination.

CDF hasperformedthe world’s most precisesingle top massmeasuremeniased
on a 1.7 fb~1 datasampleusing eventswith one lepton, large B, and exactly four
enegetic jets, at leastone of which mustbe b tagged.The analysisusesa 10 variable
neuralnetwork discriminantto separatesignalfrom backgroundasshown in figure 13
(top left). The jet enegy scaleis measuredin-situ” from hadronicW decays,anda
signallikelihoodis calculatedeventby eventusinga matrix elemenintegrationmethod.
The combinedoverall signal probability is a 2-D likelihood as a function of M; and
JES, shavn in figure 13 (right). Figure 13 (bottom left) also shavs the most likely
top massvalue for eachof the 293 tt candidateevents. The measuredop massis
M = 1727+ 1.3(stah £ 1.2(JES + 1.2(sysh = 1727+ 2.1 GeV/c.

HIGGS SEARCHES

One of the outstandingguestionsin particle physicsis the dynamicsof electraveak
symmetrybreakingandthe origin of particlemassesln the SM, electraveaksymmetry
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is spontaneouslproken throughthe Higgs mechanismby introducing a doublet of

self-interactingcomplex scalarfields with non-zerovacuumexpectationvalues.The
physicalmanifestatiorof this scenarids the existenceof a massve scalarHiggsboson.
Assumingthe SM to becorrect,aAx? curve canbederivedfrom precisionelectraveak
measurementasa function of the SM Higgs mass,My. Recentimprovementsin the
combinedTevatron top mass(as of March of 2007) M; = 1709+ 1.8 GeV/c? and
the combinedLEP2+TevatronW massMy = 80.398-+ 0.025 GeV/c?, pushthe most
likely valueof My down into the region excludedby LEP directsearchesasshown in

figure 14. Thepreferredvaluefor My is 76133 GeV/c?, andat95%CL 114< My < 182

GeV/c?. If indeedthe Higgs exists andlies in this massrange,it is within reachof the
Tevatronif enoughluminosityis collected.Its searchs soimportantthatit hasbecome
thetop priority of the CDF collaboration.

At the Tevatron, the Higgs is mainly producedvia gluon-gluonfusion (througha
fermion loop). Associatedproductionwith a W or Z boson(througha virtual W or
Z) hasa smallercrosssection,but hasthe advantageof anisolatedleptonin the final
statewhich helpsreducethe backgroundsThe way the Higgs decaysdependson its
mass The dominantdecaymodefor massesip to about135GeV/c? is to bb. For larger
massesthe dominantdecayis to WW. CDF hasperformedseveral searchegor SM
Higgsin differentchannelsandoptimizedfor differentHiggsmasses.

For My > 130 GeV/c?, the most sensitie channelis gg — H — WW* — £v/v.
A matrix elementmethodis usedto calculatean event by event probability using
full kinematicinformation,anda likelihoodratio (LR) discriminantis constructedo
separatesignal from backgroundFigure 15 (left) showvs the LR distribution for data
andfor differentsourcef backgroundaswell asthe expecteddistribution for aHiggs
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signalwith My = 160GeV/c? (scaleclip by afactorof 10to makeit visible). Thisfigure
shonvshow hardit is to separatehetiny Higgssignalfrom thelarge backgroundsn this
casetheWW backgroundn particular evenusingsophisticate@nalysistechniquesin
the absenceof an excessof eventsover SM predictions,95% CL upperlimits on the
crosssectionarederivedasa functionof My, asshown in figure 15 (right). For aHiggs
masf 160GeV/c?, theobsened95%CL upperlimit is 0.8 pb, equivalentto two times



the SM prediction.
CDF hascombinedall SM Higgs searchesand setsa 95% CL upperlimit on the
productioncrosssectionas a function of My, shown in figure 16 (left). Perhapghe
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FIGURE 16. Left: CDFcombined95%CL upperlimit onthe SM Higgscrosssection(dividedby SM
crosssection)asa function of My. Right: expectedTevatronsensitvity asa functionof Higgs massand

integrateduminosity (perexperiment) Sensitvity curvesassumenimprovemeniof 2.25whichhasbeen
demonstratetb beachievable.

mostimportantstatementshatcanbe madetodayaboutsearche$or SM Higgsinvolve
the expectedTevatron reach. Figure 16 (right) showvs the expectedsensitvity as a
function of integratedluminosity (per experiment)andasa function of My. It should
be notedthatthe sensitvity curvesshavn assumenimprovementof 2.25with respect
to the currentsensitvities. This improvementis achievable:it hasbeenprovedin other
analysisandarisesrom usingtechniquesvhich have notyet beenfully implementedn
Higgssearchesuchasneuralnetwork or matrix elementiscriminantsextendedepton
acceptancamprovedb taggingandinclusionof additionaltriggers.With anintegrated
luminosity of 7 fo~! the Tevatronexpectsto excludeall massedelov 188 GeVic? at
20 andto have 30 sensitvity for evidencein themassrangel50— 170GeV/c2.

SUSY Higgs Searches

Theoreticaldifficulties arisein the SM relatedto divergentradiative correctionsto
the Higgs mass.In orderto keepthe Higgs massstablebetweenthe electraveak and
the Plank scale,large quantumcorrectionsmust be very finely tuned or some nev
physicsmustintervene.The challengeof preservingthe widely separatecelectraveak
and Plank scalesin the presenceof quantumcorrectionsis known as the hierarchy
problem.Supersymmetricnodelsoffer a naturalsolutionto this problem.The minimal



supersymmetriextensionof the standardnodel(MSSM) requirestwo Higgs doublets
resultingin aHiggssectorwith two chagedandthreeneutralbosonsOneof theneutral
bosonss CP-odd (A), andthe othertwo areCP-even (h, H). The symbol ¢ is usedto

denoteary of h, H or A. The leadingdecaymodesfor the neutralMSSM Higgs are
@ — bb (90%)andg — 1T (10%).

CDF hasperformedseveral searche$or chagedandneutralSUSY Higgs. For large
valuesof tan, the ratio of Higgs couplingto down-type versusup-type quarks,the
productionof light neutral Higgs in associationwith b-quarks can be significantly
enhancedWe searchfor the processp + b — bb+ b by selectingeventswith three
b-taggedjets with Er > 20 GeV. The dominantbackgroundsare QCD heavy flavor
productionand light jets misidentifiedas b jets. We study the invariant massof the

CDF Run Il Preliminary (980/pb) ) 95% C.L. upper limits CDF Run I Preliminary (980/pb)

- expected limit
10 band
20 band
observed limit

o
o
S
—_
0 o
o o

s
1A

—_ =
=~ o
o o

©w
o
S

events/(15 GeV/c?)
=
S

events/(1 GeV/c?)
=
S

[=<]
(=1}

n
S
B b
o(pp - bH)*BR((H — bb) (pb)
= ~
o o

—_
o
S
S
o

~
o

0 2 4 00 120 140 160 180 200
m,, (GeV/cz) M i (GeV/cz) m, (GeV/cz)
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two leadingjets, My, and Mgt = M + MISZ_ — M3 | relatedthe massof the
tracksforming the displacedvertexes. The distributions obsened in the triple-tagged
datasamplearefit to backgroundemplatesandto signalshapedor differentvaluesof
the Higgs mass,asshown in figure 17. No excessof eventsis obsered over the SM
expectation,and therefore95% CL upperlimits are derived on the productioncross-
sectiontimes branchingratio, shavn in figure 17 (right). Expectedimits are derved
from pseudo-gperimentavherethefits areperformedo background-onlylistributions.

Theselimits canbetrivially corvertedinto limits on tanf versuspseudoscalamass
mpa in MSSM modelsby dividing by the SM cross-sectionimes branchingratio and
takingthesquareoot. Theresultis shovn in figure 18 (left). Thesdimits donotinclude
potentiallylargeloop correctionsandHiggswidth effects,which make thelimits worsen
quickly at high tanf. Limits were also generatedor the m"* scenario[5], which
maximizesthe massof the lighter scalarHiggs h and allows conserative exclusion
boundswith u = —200 GeV, shawn in figure 18 (right). Here the limits remaintight
dueto large andnegative valuesof loop corrections.
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Despitethe smallerBR into taus,Higgs searchesn the di-t channeldo not suffer
from suchlarge QCD backgroundsA searchwas performedfor ¢ — 1T by selecting
eventswith tau pairsin threefinal states:TeThad, TuThad @nd TeTy, Where e, T, and
Thad denotethedecaymodest — eveVy, T — UV, Vr andT — hadronsvr, respectiely.
The dominantbackgrounds Z/y* — 11. The partially reconstructednassof the di-t
systemis definedas the invariantmassof the visible tau decayproductsand the &,
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Myis = \/prl + P, +E—2r. This distribution is fit to a combinationof background
and signal generatedht different Higgs massesas shavn in figure 19. No excessof
eventsover the SM predictionis obsened, and upperlimits at 95% CL areseton the
crosssectiontimesbranchingratios.Figure 20 shons the upperlimits andtheir MSSM
interpretatiorasexclusionregionsin thetanB-ma planefor the m'® MSSM scenarios
with positve andnegative signof u.
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OTHER BEYOND SM SEARCHES

Apart from SUSY Higgs, CDF searchegor sparticlesand gauginosalsopredictedby
SUSY models,andfor manifestation®f physicsbeyondthe standardnodel(BSM) in
severalalternatve theoreticakcenariosincludingadditionalheary gaugebosonsgravi-
tons,extra dimensionstechnicolor leptoguarksanddeviationsfrom SM predictionsin
severalsignaturesA few of the mostrecentBSM searchearedescribedelow.

Search for Squarks/Gluinos

In the minimal supegravity scenario(mSUGRA) with R-parity conseration, all
sparticlesexceptthe neutralinoareunstableanddecayinto their SM counterpartsThis
cascadelecaygesultin afinal statewith severaljetsfrom the squarksandgluinos,and
large & from the undetecteadheutralinos Eventsareselectedwith 2,3 or 4 high enegy
jets plus large . Eventswith identified leptonsare rejected,and cuts on azimuthal
separatiorbetweenetsandf; areusedto reducethe QCD backgroundsTheresulting
& distribution is fit to a combinationof backgroundsindsignalgeneratedt different
gluino/squarkmassesThe obsened distributions agreewith the SM predictions,and



upperlimits areseton the crosssectionasafunctionof squarkandgluino massesk-rom
thesdimits, lower limits areobtainedor the squarkandgluino massesThesdimits are
combinecdto obtaina 95% CL exclusionregionin the Mg-Mg plane,shovn in figure 21
(left). A scanis performedn theMo-My /> plane(thecommonscalarandfermionmasses
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FIGURE 21. Left: 95% CL exclusionregionin the Mg-Mg plane.Right: 95% CL exclusionregionin
the Mo-My,, planefor themSUGRAscenariovith Ag = 0, negative 4 andtanf = 5.

attheGUT scale)for themSUGRAscenariovith Ag = 0, negative 1 andtanf =5, and
the resultingexclusionregion is shavn in figure 21 (right). At low valuesof Mg and
My /> theselimits extendtheregion excludedby LEP.

Search for Charginos/Neutralinos

Strongsparticleproductionatthe Tevatronis suppressedwing to thelargesquarkand
gluinomasse#ferredfrom thelimits shavn above. Theassociateg@roductionof )?f )?8
is therefordik ely to bethedominantSUSY productionmechanismCDF hasperformed
a searchfor the processpp — Xi X3 followed by 9 — £¢%? and xi — £v?, which
resultsin a striking trilepton plus & signatureln orderto gain acceptancdor events
with a soft third lepton,eventswith only two enepetic, like sign (LS) leptonsarealso
considered.The SM backgroundsare small, dominatedby Drell-Yan, dibosons,and
W/Z + y. No significantexcessof eventsis obsened for the differenttrileptonandLS
topologiescomparedo SM predictions.As no evidenceof SUSY is obsered, results
from the differenttopologiesare combinedto obtainlimits on the crosssectiontimes
BR for somepointsin parametespaceof the model.Figure 22 shovs 95% CL upper
limits for the)"(f)”(g productioncrosssectiontimesBR asafunctionof thechaginomass
for two scenariosmSUGRAwith tanf3 = 3, A =0, u > 0 andMy = 60andanMSSM
scenariavhich keepghesamerelationsasmSUGRAbut with no sletponmixing, which
enhanceshe BR of chaginosandneutralinogo electronsandmuons.in themSUGRA
scenaricthe expectedimit is sensitve to chagino masse®f about125GeV/c?. For the
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MSSM scenarioconsideredchagino massedelon 129 GeV/c? are excludedat 95%
CL.

Search for Lar geExtra Dimensions

CompactifiedLarge Extra DimensiongLED) have beenproposed6] asan alterna-
tivesolutionto thehierarchyproblembetweertheweakandgravitationalscalesin these
models,only gravitons (G) canpropagaten the n extra dimensionsf the4 + n dimen-
sionalbulk of spacetimeTheresultingeffective (or reducedPlankscale Mp, is related
to the Plankscaleandto theextentR of the extradimensionghroughM3,, .~ R"M3*".
The large value of the Plank scaleis thereforedueto the large extent of the extra di-
mensionsThe predictedgravitonsareproducedirectly in processesuchasqq — gG,
gg— gGandgg — gG, resultingin a highly enegeticmono-jetsignatureaccompanied
by large & from theundetectedjraviton. CDF searchefor theseprocesseby selecting
eventswith onehighly enegeticjet (Er > 150GeV) andlarge & (> 120GeV). A sec-
ondjet with Er < 60 GeV s allowedin orderto gainsomeacceptance-igure23 (left)
shaws the & distribution of the selectedeventssuperimposedvith the SM predictions
andwith the expecteddistribution for LED signalwith n =2 andMp = 1 TeV. No ex-
cesf eventsis foundover SM predictionsand95%CL lower limits arederivedonthe
reducedPlankscaleasafunctionof thenumberof extradimensionsshawn in figure23
(right). For n > 3, thesearethe bestavailablelimits on Mp.
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Search for High MassResonances

Several extensionsof the SM predict the existenceof new particlesdecayinginto
lepton or photonpairs,suchasZ’ predictedin GUT theories[7] or Randall-Sundrum
(RS)gravitons.TheRandal-Sundrurmodel[8] is atheoryof extradimensionsn which
awarpfactordetermineghe curvaturek of the extra dimensionsandthereforethe mass
of the Kaluza-Kleingraviton resonancesSearchesor dileptonor diphotonresonances
are broad, inclusive and sensitve. Discovery of a sharpmasspeakover background
would be compellingevidenceof a new particle. CDF hassearchedor resonances
dielectron,dimuon,dijet anddiphotonfinal states Figure 24 shaws the invariantmass
distributionfor dielectron(left) anddiphoton(right) final statesAs no significantexcess
isfoundover SM predictions95%CL upperlimits arederivedonthecrosssectiontimes
BR asafunctionof thenew particlemass Figure25 shows the limits for thedielectron
final stateas a function of Mz (left), andthe limits for the dielectron,diphoton,and
combinedee+ yy final statesasa function of Mg (right). Lower limits canbeinferred
for the new particle massesvhen the crosssectionlimits are comparedto different
theoreticalscenariosFor example,for a Z' with SM couplings,the dielectronlimit
impliesMy > 923 GeV/c? at 95% CL, andthe combinedimit impliesthatMg > 889
GeV/c? for a RS modelwith k/Mpjank = 0.1. Figure 26 shaws the 95% CL excluded
region onthek/MpjanicMg plane,themostexclusive limit to date.

CONCLUSIONS AND OUTLOOK

The CDF collaborationhasbeenvery active in all aspect®of its broadphysicsprogram,
with constantlymaturing and improving analysiscovering a wide range of topics.
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FIGURE 24. Invariantmassdistribution obsenedin dielectron(left) anddiphoton(right) events,and
expectedSM distribution.
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FIGURE 25. The95%CL upperlimits oncrosssectiontimesBR asafunctionof Mz for thedielectron
final stateqleft) andasa functionof Mg for eg yy, andcombinedee+ yy final stateqright).

Increasinglysophisticatecdnalysigechniquesandimproveddetectorunderstandingnd
performancetogethemith increasinglatasamplesallow to probesomeof thesmallest
crosssectionsever measuredat hadroncolliders. Evidencefor processesuchasWz,

ZZ andsingletop productionhasbeenfound. The study of top quarkis uniqueto the
Tevatron. CDF hasperformedthe most precisesingle determinationof its mass,and
measuredts productionand decayproperties.CDF is a hadroncollider experiment
which hasproducedseveral B physicsresultswhich are competitve with dedicatedB
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FIGURE 26. The95%CL excludedregiononthek/MpianicMg plane.

factoriesandsomeof the mostpreciseelectraveakmeasurement® date,bringing SM
teststo alevel of precisionsimilar or betterthanelectron-positrorolliders.Continuous
improvementsn the expectedsensitvity of searche$or Higgs andfor physicsbeyond
theSM allow significantexclusionor reachonmary differentmodelsin particulay CDF
(andDO0) might have somethingnterestingto sayaboutthe Higgsif enoughluminosity
is recordedduringthe next two yearsmakingthe searchfor Higgsatop priority.
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