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Abstract. We presentheresultsonthesearche$or the SM andthe non-SMHiggsbosonproduc-
tionin pp collisionsat+/s = 1.96 TeV with the CDF detectorat the FermilabTevatron.Usingdata
correspondindo 300—-700pb~1, we searchfor the Higgs bosonin variousproductionand decay
channelsNo signalis obsenred,thereforewe setupperlimits ontheproductioncross-sectiotimes
branchingfractionasafunctionof theHiggsbosonmass.
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INTRODUCTION

In the standardmodel (SM), the Higgs mechanismprovides massedo fundamental
particlesvia electraveak symmetrybreaking,which requiresthe existenceof a scalar
neutralparticle:the Higgsboson.However, severalopenissuesof SM, suchasthefine
tuningrequiredto keepthequadratiaadiative correctionto the Higgsbosonmassunder
control (hierarchyproblem), suggestextensionsof the SM. In mary SM extensions,
suchas the supersymmetrienodel (SUSY), the left-right symmetricmodel, and the
little Higgsmodel,thereis aricherHiggsspectrunmwith additionalneutral,chaged,and
doubly-chaged Higgs bosons.Using data correspondingo an integratedluminosity
of 300-700pb~1, CDF hassearchedor the SM Higgs andthe doubly-chagedHiggs
bosonin pp collisionsat /s = 1.96 TeV at the FermilabTevatron. All the searches
includechage conjugatedecays.

SEARCH FOR STANDARD MODEL HIGGS

Combining the resultson the direct searchesat LEP and the precision SM fits of
electraveak data (excluding the low enegy data),the massof the SM Higgs boson
is boundedin the range:114.4-199GeV/c? at 95% CL [1]. At the Tevatron,the SM
Higgsis mainly producedhroughgluon fusion with a cross-sectiomf 0.1-1ph. This
directproductionis 1-2ordersof magnituddargerthantheassociateéiiggsproduction,
wherethe Higgs is producedwith a z°, aw®, or att pair. For My >130 GeV/c?, SM
Higgsprimarily decaysntoWW—, andcanbesearchedor cleanlyin thegluon-fusion
channelusingthe final statewith two leptonsand missingtrans\erse[2] enegy (E7).
However, for My<130 GeV/cz, the dominantdecaymodeis H — bb, and mustbe
searchedor in theassociategroductionchanneto suppres®ackgroundrom thedirect
productionof heary-flavor jets. Thefollowing subsectionslescribesearche$or the SM
Higgsin threedifferentproductionanddecaychannels.
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FIGURE 1. TheAgy distributionsfrom dataandthe SM predictionassumingViy=160GeV/c? (left)
andthe expectedandobsenedupperlimits asafunctionof My (right).

Search for H - WW~ — ¢t4- vy,

This search[3] selectsevents with ET>'V[TH GeV and two opposite-signisolated

leptong(eor p) with pt>20 andp%>10 GeV/c. Thedecayof thespin-OHiggsinto WW
prefersasmallazimuthalknglebetweerthetwo leptongAg,), asmalldileptoninvariant
mass(My,), and large E£1, and provides a good discriminantbetweensignal and the
SM backgroundsespeciallythe WrW— production.In orderto suppresdackgrounds
from cc, bb resonancedrell-Yan,Z — 1™ 17—, andmis-measureffr in additionto the
SM dibosonproduction,analysisrequirementsareappliedon: My, and p+ +p3+&; asa
functionof My, andthe anglebetweert/r andthe closestet or lepton.Eventswith >1
enegeticjetsarealsoremovedto reducethett backgroundwith no evidenceof aHiggs
signal,a95% CL upperlimit on productiontimesbranchingfractionis setasafunction
of My, by comparingthe Agy, distributionin dataagainstthatfrom the SM prediction
(seeFig. 1). ForMy=160GeV/c?, theupperimit ono(gg — H)%(H —WW) is 3.2pb.

Search for W+H — ¢+ v,bb

This analysis[4] selectseventswith Er>20 GeV, oneisolatedlepton (e or u) with
pt>20 GeV/c, andtwo jetswith Er>15 GeV, |n|<2, where>1 jet mustbe selected
by the CDF secondaryertex (SecVtx)[5, 6] andtheneuralnetwork (NN) b-taggingal-
gorithms.TheNN hasbeendevelopedto furtherreduce50%of the c-jet and65%o0f the
light-flavor jet backgroundsvhile retaining90% of the b-jet signalafter SecVixis per
formed.Additional requirementsreappliedto vetothe Drell-Yanandtt backgrounds.
The dominantbackgroundafter b-taggingarisesfrom the SM Wbb production.Events
afterselectionareseparatedhto two classesi. only onejet taggedby both SecVitxand
NN, 2. two jetstaggedoy SecVix.By treatingthesetwo classe®f eventsasindependent
measurementand combiningtheir resultslater, the sensitvity is increasedy ~20 %
with respecto thatfrom theinclusive >1 b-taggedevents.The dijet massdistribution
forms a discriminantbetweensignal and the SM backgroundsand an upperlimit on
o(pp— WH)Z(H — bb) is setasa function of My (seeFig. 2). For a Higgs boson
massnearthe LEP lower limit, My=115GeV/c?, theupperlimit is 3.6 pb.
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FIGURE 2. Thedijet massdistributionsfrom dataandthe SM predictionfor eventswith only onejet
taggedby SecVitxandNN, assumingy=115GeV/c? (left) andthe expectedandobsenedupperlimits
asafunctionof My (right).
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FIGURE 3. Theobsenedupperlimits on productiontimesbranchingfractionasa functionof My for
thettH (left) andH*™* (right) searchesTheintersection®f the theoreticalpredictionsandthe obsered
limits in theright figure give lower limits onthe masse®f left- andright-handedH** bosons.

Search for ttH — W+W~bbbb — £+, j jbbbb

This search[7] selectseventswith Fr>10 GeV, oneisolatedlepton (e or u) with
pT>20 GeV/c, and >5 jets with Er>15 GeV, |n|<2, where >3 jets are taggedby
SecVix.Theleadingbackgrounds the SM directproductionof ttbb andttcc events.No
signalis foundfor the Higgs, andanupperlimit on o(pp — ttH)%(H — bb) is setas
afunctionof My (Fig. 3). For My=115GeV/c?, theupperlimit is 660fb. Althoughthe
obsenredlimit is still ~2 ordersof magnituddargerthanthe SM prediction thischannel
is onepopularchannelat LHC andprovidesavaluableinput for thefuture search.

SEARCH FOR NON-SM DOUBLY-CHARGED HIGGS

Several extensionsof SM predictthe existenceof the doubly-chagedHiggs H™ . At
the Tevatron, the main productionmechanismis the pair production: pp — y*/Z —



H*++H~ . For My <160GeV/c?, decaydo W’s aresuppressedhile decayso leptons
aretheoreticallyunrestrictedncludingpossibldepton-flavor violation. Thisanalysig 8]
searchesor H*+ — e 1+, u™ 1, which extendsthe previous CDF searchor e and u
final stated9]. Analysisrequiresane or a u with pr>20GeV/c, ahadronicallydecay-
ing T with pr>15 GeV/c, and> 1 isolatedtrack systemwhich containsl or 3 tracks
with ¥ pr>8 GeV/c. Eventswith 3 and 4 lepton candidatesare treatedas indepen-
dentmeasurements$n orderto reducebackgrounds$rom the SM Z+jet, diboson,andtt
productionselectioncriteriaon M$S [10], M7, andy p&+ Er, areoptimizedfor the 3-
leptonandthe4-leptonevents respectiely. Thek is alsorequiredto beatleast20 GeV
for the 3-leptoneventsalwaysandfor the4-leptoneventsonly whenM2S<120GeV/c?.
With no excesstheobseredupperlimit ong(pp— HTtH=")%2(H+* — ¢1) is used
to extracta lower limit on My++, assuminghe left-right symmetricmodeland exclu-
sive decaydnto er andut. Thelower limits onthe massof theleft-handedH ™" boson
supersedéhelimit setby the LEP experimentsandarefoundto be: H|_++>112GeV/c2
for theut andH;" *>114GeV/c? for theer final statesyespectiely.

CONCLUSION

CDF hassearchedor boththe SM andnon-SMHiggs bosonsusing300-700pb—1 of
data.No evidenceof Higgsbosonproductionis foundin theanalyzedlata,yet. As more
dataarebeingcollectedandmoreadwancedanalysigechniquesrebeingdeveloped by
combiningthe CDF resultswith thoseof DO, the Tevatronexperimentdhave the potential
to discover SM aswell asnon-SMHiggs.
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0. ThesuperscriptOS” standgor opposite-sigrdileptonpair, while “SS” standsfor same-sigrpair.
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