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Abstract.
We presentthe resultson the searchesfor the SM and the MSSM Higgs bosonproduction

in proton-antiprotoncollisions at
�

s = 1.96 GeV with the CDF detector. The Higgs bosonsare
searchedfor in variousproductionanddecaychannels,with datasamplescorrespondingto 400
pb� 1. Using thesemeasurements,we set an upper limit on the productioncrosssectiontimes
branchingfraction for the StandardModel Higgs asa function of the Higgs mass,andwe obtain
exclusionregionsin thetanβ vsmassfor theneutralMSSM Higgs,andbranchingfractionvsmass
for thechargedHiggs.
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STANDARD MODEL AND MINIMALLY SUPERSYMMETRIC
STANDARD MODEL HIGGS

Themassof fundamentalparticlesin theStandardModel(SM) is explainedby theHiggs
mechanism,which requirestheexistenceof a physicalparticlecalledtheHiggsboson.
Sinceexperimentshave not yet discoveredthis particle,an alternative descriptionof
the Higgs mechanismthat is part of the Minimally SupersymmetricStandardModel
(MSSM) is also a major focus of current research.Figure 1 comparesthe SM and
MSSM theoriesasthey relateto theHiggs particles.The SM hasnot yet beenproven
wrong,but theMSSMmayexplainsomeof its mysteries,while takinganadditionalstep
towarda grandunifiedtheory. TheSM Higgs is mainly producedthroughgluonfusion
with σ � 1 pb. This directproductionis anorderof magnitudelarger thanassociative
Higgs production,in which the Higgs is producedwith a Z or W . For low MH � 135
GeV, theHiggsdecaysmainly to bb̄, andfor high mass,W � W � . In theMSSM, Higgs
productionanddecaydependstronglyon thetanβ parameterwhich describestheratio
of the vacuumexpectationvaluesfor up- anddown-typeparticles.Direct searchesat
LEP have excludedMH � 114GeV @ 95%CL, andprecisionfits of electroweakdata
have excludedMH � 186 GeV @ 95% CL [1]. As recentexperimentalboundshave
pushedtheSM Higgsmasslower, MSSM Higgsmodelshavebecomemorefavorable.

CDF [2] has recently searchedfor the SM Higgs in both direct and associative
production,as well as for both charged and neutralMSSM Higgs, in 1.96 TeV pp̄
collisionsat Fermilab.
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TABLE 1. Comparisonof Higgsin SM andMSSMtheories.

Property SM MSSM

Particles H h � A � H � H �	� H �
Spin 0 0
Electrically 0 -1,0,+1
Interaction all SM particles all SM particles
Coupling strongerto highmassparticles strongerto highmassparticles,

strongerto down-typeparticles
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FIGURE 1. Dijet massdistributionusedto searchfor Higgssignalin WH � lνbb̄ analysis.

STANDARD MODEL HIGGS SEARCHES AT CDF

Search for WH lνbb̄

Although the cross-sectionfor WH productionis only 0.16pb for MH � 120 GeV,
WH  lνbb̄ providesa cleanchannelfor measuringthe Higgs due to its association
with a leptonicallydecayingW . Candidateeventsmusthave an e or µ with PT � 20
GeV/c,missingtransverseenergy from theneutrinoor !ET � 20 GeV, andtwo 15 GeV
jets.Themainbackgroundis W+jetsproduction,which is greatlyreducedby requiring
at leastone“b tag”, a jet which hasa displacedsecondaryvertex consistentwith the
long lifetime of b hadrons.The remainingbackgroundis dominantlyW+ real b andc
jets,called“W+heavy flavor”. A likelihoodfit is performedin thedijet massdistribution
(Figure1) to detectthe Higgs resonance.No evidencefor the Higgs is found, andso
exclusionslimits areplacedasa functionof Higgsmass.For MH � 115GeV, σW H �
8.6pb.
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FIGURE 2. Dijet massdistributionusedto searchfor Higgssignalin ZH � νν̄bb̄ analysis.

Search for ZH l 1 l 2 bb̄

The ZH  l � l � bb̄ analysisrequirestwo high PT e’s or µ ’s, low !ET, and two or
morejetswith at leastoneb tag.Theproductioncross-sectionandZ finding efficiency
is smallerthan that of the W , but the signatureis cleanwith 90% of the background
originatingfrom eventswith Z+jets.To improvesensitivity, anartificial neuralnetwork
(NN) hasbeendevelopedusing multiple variablesto distinguishbetweensignal and
background.By fitting the neuralnetwork discriminantratherthanthe dijet mass,the
expectedsensitivity improvesasif therewere60%morestatistics.Resultsareexpected
in this channelwith 1 f b � 1.

Search for ZH νν̄bb̄

In this channel,Z  νν̄ leaving a large energy imbalanceoppositethe two jets. In
additionto two jets,with 1 or moreb tags, !ET is requiredto beat least70GeV. Themain
backgroundis QCD heavy flavor, whereat leastonejet is mismeasured,causing !ET to
bereconstructedpoorly. This backgroundis reducedby removing eventswherethe !ET

directionis alignedtoocloselywith ajet. After carefullycomparingdatato MonteCarlo
in controlregionsrich in QCDandelectroweakbackgroundevents,thesignalregionof
thedijet massdistribution is examined(Figure2). With noevidenceof aHiggssignal,a
limit is setsuchthatfor MH � 115GeV, σZH � 5.0pb.

Search for H W 1 W 2 l 1 l 2 νν̄

The W � W �3 l � l � νν̄ analysisis most sensitive to higher Higgs masseswhere
H  W � W � is closeto beingon-shell.Two oppositesign20GeVleptonsarerequired,
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FIGURE 3. dφ distributionusedto searchfor Higgssignalin WW � l � l � νν̄ analysis.

and the !ET requirementis derived from MC studiesto be !ET � MH ? 4. The angular
distribution betweenthe leptonsis usedto distinguishsignalfrom W � W � background
sinceH decaysasa scalar, whereasW � W � is producedfrom vectorZ ? γ @ production
(Figure3). No evidenceis found for Higgs,anda limit is setsuchthat for MH � 160
GeV, σH � 3.2pb.

Summary of SM Higgs Searches

CDF limits for Higgs productionasa function of Higgs massareshown in Figure
4. While thereis no Higgs signal,we expect to gain a factor of 20 in luminosity by
2009,andareimproving thesensitivity of theseanalysesby usingbetterjet resolution
algorithms,improvedleptonacceptance,andmultivariateapproaches.

MSSM HIGGS SEARCHES AT CDF

Search for t H 1 b

Top quarkproductionhasbeenwell studiedat the Tevatron.If the chargedMSSM
Higgs hasa masssuchthat M �H � Mt , thenthe top quarkcandecayinto the charged
Higgs,affecting theexpectedyields from SM t  W � ν . In theSM, BR(W  l � ν A �
1/3,andBR(W  qq̄BCA � 2/3. In theMSSM, for low tanβ , H �  cs̄, andfor high tan
β , H �  τν , leadingto excessesanddeficitswith respectto SM tt̄. Carefulaccounting
of eventyields in varioustt̄ channelsprovideslimits bothon low tanβ andhigh tanβ
regions.Strongmodel-independentlimits arealsoplacedon theTauonicHiggsModel
wherethechargedHiggs(Figure5).
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FIGURE 6. Exclusionlimits onproductioncross-sectiontimesbranchingfractionto taupairsfor Higgs
massesin therangefrom 90 to 250GeV/c2 for µ � 0.

Search for A
�
h τ � τ �

TheSM Higgsdecaysto τ � τ � 8%of thetime,comparedto 80%to bb̄. While in these
channelsit is nearlyimpossibleto measurethe SM Higgsdueto thehigh background
levels, the productionof the MSSM Higgs is enhancedby tanβ2, leading to much
higherexpectedsignals.We searchin A � h � τ � τ � , whereoneτ decaysleptonically
andonehadronically, which hasthebenefitof cleanereventreconstructionandsmaller
backgroundsascomparedto thebb̄. The transversesumof visible andmissingenergy
is usedto discriminatesignal from the dominantZ � τ � τ � background.While no
evidenceis foundfor A � h, limits areareset,asin Figure6.

CONCLUSIONS

CDF hassearchedfor both SM andMSSM Higgs.No evidencefor Higgs production
in the SM or MSSM scenariosis found,andlimits have beenplacedon five different
Higgs channels.As moredatais collectedandmoreadvancedanalysistechniquesare
used,CDF andD0 combinedanalyseshave thepotentialto discover low massor high
massSM Higgs, aswell as low masscharged MSSM Higgs, and high tan β neutral
MSSMHiggs.
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