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Abstract.

We presentthe resultson the searchedor the SM and the MSSM Higgs bosonproduction
in proton-antiprotorcollisions at /s = 1.96 GeV with the CDF detector The Higgs bosonsare
searchedor in variousproductionand decaychannelswith datasamplescorrespondingo 400
pb~1. Using thesemeasurementsye set an upperlimit on the productioncrosssectiontimes
branchingfraction for the StandardModel Higgs asa function of the Higgs mass,andwe obtain
exclusionregionsin thetan3 vs massfor the neutralMSSM Higgs,andbranchingractionvs mass
for thechaigedHiggs.
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STANDARD MODEL AND MINIMALLY SUPERSYMMETRIC
STANDARD MODEL HIGGS

Themassof fundamentaparticlesin the StandardModel (SM) is explainedby theHiggs
mechanismwhich requiresthe existenceof a physicalparticlecalledthe Higgs boson.
Since experimentshave not yet discoveredthis particle, an alternatve descriptionof
the Higgs mechanisnthat is part of the Minimally SupersymmetriStandardModel
(MSSM) is also a major focus of currentresearchFigure 1 compareshe SM and
MSSM theoriesasthey relateto the Higgs particles.The SM hasnot yet beenproven
wrong,butthe MSSM mayexplain someof its mysterieswhile takinganadditionalstep
towarda grandunifiedtheory The SM Higgsis mainly producedhroughgluonfusion
with o ~ 1 ph. This direct productionis an orderof magnitudeargerthanassociatre
Higgs production,in which the Higgsis producedwith a Z or W. For low My < 135
GeV, the Higgs decaysmainly to bb, andfor high massW+tW~. In the MSSM, Higgs
productionanddecaydependstronglyon thetan 8 parametewhich describegheratio
of the vacuumexpectationvaluesfor up- and down-type particles.Direct searchest
LEP have excludedMy < 114 GeV @ 95% CL, andprecisionfits of electraveakdata
have excludedMy > 186 GeV @ 95% CL [1]. As recentexperimentalboundshave
pushedhe SM Higgsmasdower, MSSM Higgs modelshave becomemorefavorable.

CDF [2] hasrecently searchedfor the SM Higgs in both direct and associatie
production,as well as for both chaged and neutral MSSM Higgs, in 1.96 TeV pp
collisionsat Fermilab
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TABLE 1. Comparisorof Higgsin SM andMSSMtheories.

Property SM MSSM
Particles H hAHHT H"
Spin 0 0
Electrically 0 -1,0,+1
Interaction all SM particles all SM particles

Coupling strongerto high massparticles strongerto high massparticles,
strongerto down-typeparticles
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FIGURE 1. Dijet masddistribution usedto searchfor Higgssignalin WH — | vbl:_)analysis.

STANDARD MODEL HIGGS SEARCHESAT CDF

Search for WH — lvbb

Although the cross-sectiorior WH productionis only 0.16 pb for My = 120 GeV,
WH — lvbb providesa cleanchannelfor measuringhe Higgs dueto its association
with a leptonically decayingW. Candidatesventsmusthave ane or u with Pr > 20
GeV/c, missingtrans\erseenepgy from the neutrinoor E; > 20 GeV, andtwo 15 GeV
jets. The mainbackgrounds W+jets productionwhich is greatlyreducedoy requiring
at leastone“b tag”, a jet which hasa displacedsecondaryertex consistentwith the
long lifetime of b hadrons.The remainingbackgrounds dominantlyW+ realb andc
jets,called“W+heavy flavor”. A likelihoodfit is performedn thedijet masgdistribution
(Figure 1) to detectthe Higgs resonancelNo evidencefor the Higgs is found, and so
exclusionslimits areplacedasa function of Higgs mass.For My = 115 GeV, oy <
8.6 ph.
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FIGURE 2. Dijet masgdistribution usedto searchfor Higgssignalin ZH — vaBanaIysis.

Search for ZH — 1+1-bb

The ZH — |71~ bb analysisrequirestwo high Pr €'s or u’s, low E;, andtwo or
morejetswith atleastoneb tag. The productioncross-sectiomndZ finding efficiency
is smallerthanthat of the W, but the signatureis cleanwith 90% of the background
originatingfrom eventswith Z+jets. To improve sensitvity, anartificial neuralnetwork
(NN) hasbeendevelopedusing multiple variablesto distinguishbetweensignal and
backgroundBy fitting the neuralnetwork discriminantratherthanthe dijet mass,the

expectedsensitvity improvesasif therewere60% morestatistics Resultsareexpected
in this channelwith 1 fb=.

Search for ZH — vvbb

In this channel,Z — vv leaving a large enegy imbalanceoppositethe two jets. In
additionto two jets,with 1 or moreb tags ¥ is requiredto beatleast70 GeV. Themain
backgrounds QCD heavy flavor, whereat leastonejet is mismeasured;ausingZ; to
be reconstructegboorly. This backgrounds reducedoy removing eventswherethe E.
directionis alignedtoo closelywith ajet. After carefullycomparingdatato Monte Carlo
in controlregionsrich in QCD andelectraveakbackgroundevents,the signalregion of
thedijet masddistributionis examined(Figure?2). With no evidenceof a Higgssignal,a
limit is setsuchthatfor My = 115GeV, ozy < 5.0ph.

Searchfor H - WtW~ —= |1l vy

The WrW~ — ITI~vv analysisis most sensitve to higher Higgs massesvhere
H — W*W~ is closeto beingon-shell. Two oppositesign 20 GeV leptonsarerequired,
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FIGURE 3. dg distribution usedto searcHor Higgssignalin WW — | ¥1~vv analysis.

and the B requirementis derived from MC studiesto be E; > My /4. The angular
distribution betweerthe leptonsis usedto distinguishsignalfrom W+W~— background
sinceH decaysasa scalar whereadV*W is producedirom vectorZ/y* production
(Figure 3). No evidenceis found for Higgs,anda limit is setsuchthatfor My = 160
GeV, oy < 3.2ph.

Summary of SM Higgs Sear ches

CDF limits for Higgs productionas a function of Higgs massare shavn in Figure
4. While thereis no Higgs signal, we expectto gain a factorof 20 in luminosity by
2009,andareimproving the sensitvity of theseanalysedy usingbetterjet resolution
algorithms,improvedleptonacceptanceandmultivariateapproaches.

MSSM HIGGS SEARCHESAT CDF

Searchfort — H'b

Top quark productionhasbeenwell studiedat the Tevatron.If the chaged MSSM
Higgs hasa masssuchthat M}; < M, thenthe top quarkcandecayinto the chaged
Higgs, affecting the expectedyields from SMt — W+v. In the SM, BRW — |1v) =
1/3,andBRW — qq/) = 2/3.In the MSSM, for low tan 3, H* — cs, andfor hightan
B, HT — tv, leadingto excessesinddeficitswith respecto SMtt. Carefulaccounting
of eventyieldsin varioustt channelgrovideslimits bothon low tan 8 andhigh tan
regions. Strongmodel-independenimits arealsoplacedon the TauonicHiggs Model
wherethe chagedHiggs (Figureb).
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FIGURE 4. Summaryof StandardModel Higgs searcheshaving 95% exclusion limit divided by
Standardviodel expectationjndicatingfactorsof improvementnecessarpeforeHiggsis discovered.
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FIGURE 5. Excludedbranchingratios of t — H™b assumingTauonicHiggs Model wherechaged
Higgsonly decaygo T + v;.
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FIGURE 6. Exclusionlimits onproductioncross-sectiotimesbranchingractionto taupairsfor Higgs
massesn therangefrom 90to 250GeV/E for u > 0.

Search for A/h— 171~

TheSM Higgsdecaygo 1717~ 8% of thetime,comparedo 80%to bb. While in these
channelst is nearlyimpossibleto measureghe SM Higgs dueto the high background
levels, the productionof the MSSM Higgs is enhancecdby tanBz, leadingto much
higher expectedsignals.We searchin A/h — 1" 17—, whereone T decaysleptonically
andonehadronically which hasthe benefitof cleanereventreconstructiorandsmaller
backgroundsiscomparedo the bb. The trans\ersesumof visible andmissingenegy
is usedto discriminatesignal from the dominantZ — t*1~ background While no
evidenceis foundfor A/h, limits areareset,asin Figure®.

CONCLUSIONS

CDF hassearchedor both SM and MSSM Higgs. No evidencefor Higgs production
in the SM or MSSM scenarioss found, andlimits have beenplacedon five different
Higgs channelsAs moredatais collectedand more advancedanalysistechniquesare
used,CDF and DO combinedanalysesave the potentialto discover low massor high
massSM Higgs, aswell aslow masschaged MSSM Higgs, and high tan 3 neutral
MSSM Higgs.
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