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Abstract. We presenttheresultson thesearchesfor theSM andthenon-SMHiggsbosonproduc-
tion in pp̄ collisionsat

�
s � 1 � 96 TeV with theCDF detectorat theFermilabTevatron.Usingdata

correspondingto 300–700pb� 1, we searchfor the Higgs bosonin variousproductionanddecay
channels.No signalis observed,therefore,wesetupperlimits ontheproductioncross-sectiontimes
branchingfractionasa functionof theHiggsbosonmass.

Keywords: Higgs,CDF, electroweak,standardmodel,doubly-charged
PACS: 12.15.-y, 12.60.Fr, 12.60.Jv, 14.80.Bn,14.80.Cp

INTRODUCTION

In the standardmodel (SM), the Higgs mechanismprovides massesto fundamental
particlesvia electroweaksymmetrybreaking,which requiresthe existenceof a scalar,
neutralparticle:theHiggsboson.However, severalopenissuesof SM, suchasthefine
tuningrequiredto keepthequadraticradiativecorrectionto theHiggsbosonmassunder
control (hierarchyproblem),suggestextensionsof the SM. In many SM extensions,
suchas the supersymmetricmodel (SUSY), the left-right symmetricmodel, and the
little Higgsmodel,thereis aricherHiggsspectrumwith additionalneutral,charged,and
doubly-charged Higgs bosons.Using datacorrespondingto an integratedluminosity
of 300–700pb� 1, CDF hassearchedfor the SM Higgs andthe doubly-chargedHiggs
bosonin pp̄ collisions at � s � 1 � 96 TeV at the FermilabTevatron.All the searches
includechargeconjugatedecays.

SEARCH FOR STANDARD MODEL HIGGS

Combining the resultson the direct searchesat LEP and the precisionSM fits of
electroweak data(excluding the low energy data),the massof the SM Higgs boson
is boundedin the range:114.4–199GeV� c2 at 95% CL [1]. At the Tevatron,the SM
Higgs is mainly producedthroughgluon fusion with a cross-sectionof 0.1–1pb. This
directproductionis 1–2ordersof magnitudelargerthantheassociatedHiggsproduction,
wheretheHiggs is producedwith a Z0, a W 	 , or a tt̄ pair. For MH 
 130GeV� c2, SM
Higgsprimarily decaysintoW � W � , andcanbesearchedfor cleanlyin thegluon-fusion
channel,usingthefinal statewith two leptonsandmissingtransverse[2] energy ( �ET ).
However, for MH 
 130 GeV� c2, the dominantdecaymodeis H � bb̄, and must be
searchedfor in theassociatedproductionchannelto suppressbackgroundfrom thedirect
productionof heavy-flavor jets.Thefollowing subsectionsdescribesearchesfor theSM
Higgsin threedifferentproductionanddecaychannels.
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FIGURE 1. The∆φ ()( distributionsfrom dataandtheSM predictionassumingMH=160GeV* c2 (left)
andtheexpectedandobservedupperlimits asa functionof MH (right).

Search for H + W , W -.+ /0,1/2- ν 3 ν̄ 3

This search[3] selectsevents with �ET 
 MH
4 GeV and two opposite-signisolated

leptons(e or µ) with p1
T 
 20andp2

T 
 10GeV� c. Thedecayof thespin-0HiggsintoWW
prefersasmallazimuthalanglebetweenthetwo leptons(∆φ 454 ), asmalldileptoninvariant
mass(M454 ), and large �ET , and provides a good discriminantbetweensignal and the
SM backgrounds,especiallytheW � W � production.In orderto suppressbackgrounds
from cc̄, bb̄ resonances,Drell-Yan,Z � τ � τ � , andmis-measured�ET in additionto the
SM dibosonproduction,analysisrequirementsareappliedon: M454 andp1

T +p2
T + �ET asa

functionof MH , andtheanglebetween�ET andtheclosestjet or lepton.Eventswith 6 1
energeticjetsarealsoremovedto reducethett̄ background.With noevidenceof aHiggs
signal,a95%CL upperlimit onproductiontimesbranchingfractionis setasa function
of MH , by comparingthe∆φ 454 distribution in dataagainstthat from theSM prediction
(seeFig.1).For MH=160GeV� c2, theupperlimit onσ 7 gg � H 8:9;7 H � WW 8 is 3.2pb.

Search for W , H + /0, ν 3 bb̄

This analysis[4] selectseventswith �ET 
 20 GeV, oneisolatedlepton(e or µ) with
pT 
 20 GeV� c, andtwo jetswith ET 
 15 GeV, <η < 
 2, where 6 1 jet mustbe selected
by theCDFsecondaryvertex (SecVtx)[5, 6] andtheneuralnetwork (NN) b-taggingal-
gorithms.TheNN hasbeendevelopedto furtherreduce50%of thec-jet and65%of the
light-flavor jet backgroundswhile retaining90%of theb-jet signalafterSecVtxis per-
formed.Additional requirementsareappliedto vetotheDrell-Yanandtt̄ backgrounds.
Thedominantbackgroundafterb-taggingarisesfrom theSM W bb̄ production.Events
afterselectionareseparatedinto two classes:1. only onejet taggedby bothSecVtxand
NN, 2. two jetstaggedby SecVtx.By treatingthesetwo classesof eventsasindependent
measurementsandcombiningtheir resultslater, the sensitivity is increasedby = 20 %
with respectto that from the inclusive 6 1 b-taggedevents.Thedijet massdistribution
forms a discriminantbetweensignalandthe SM backgrounds,andan upperlimit on
σ 7 pp̄ � WH 8:9;7 H � bb̄ 8 is setasa function of MH (seeFig. 2). For a Higgs boson
massneartheLEP lower limit, MH=115GeV� c2, theupperlimit is 3.6pb.
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FIGURE 2. Thedijet massdistributionsfrom dataandtheSM predictionfor eventswith only onejet
taggedby SecVtxandNN, assumingMH=115GeV* c2 (left) andtheexpectedandobservedupperlimits
asa functionof MH (right).
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FIGURE 3. Theobservedupperlimits on productiontimesbranchingfractionasa functionof MH for
thett̄H (left) andH OPO (right) searches.Theintersectionsof thetheoreticalpredictionsandtheobserved
limits in theright figuregive lower limits on themassesof left- andright-handedH OPO bosons.

Search for tt̄H + W , W - bb̄bb̄ + / , ν 3 j jbb̄bb̄

This search[7] selectseventswith �ET 
 10 GeV, one isolatedlepton (e or µ) with
pT 
 20 GeV� c, and 6 5 jets with ET 
 15 GeV, <η < 
 2, where 6 3 jets are taggedby
SecVtx.Theleadingbackgroundis theSM directproductionof tt̄bb̄ andtt̄cc̄ events.No
signalis foundfor theHiggs,andanupperlimit on σ 7 pp̄ � tt̄H 8:9;7 H � bb̄ 8 is setas
a functionof MH (Fig. 3). For MH=115GeV� c2, theupperlimit is 660fb. Althoughthe
observedlimit is still = 2 ordersof magnitudelargerthantheSM prediction,thischannel
is onepopularchannelat LHC andprovidesavaluableinput for thefuturesearch.

SEARCH FOR NON-SM DOUBLY-CHARGED HIGGS

Several extensionsof SM predict the existenceof the doubly-chargedHiggs H �Q� . At
the Tevatron, the main productionmechanismis the pair production:pp̄ � γ RS� Z �



H �Q� H �Q� . For MH 
 160GeV� c2, decaystoW ’saresuppressedwhile decaysto leptons
aretheoreticallyunrestrictedincludingpossiblelepton-flavor violation.Thisanalysis[8]
searchesfor H �Q� � e � τ � , µ � τ � , which extendsthepreviousCDF searchfor e andµ
final states[9]. Analysisrequiresane or a µ with pT 
 20GeV� c, ahadronicallydecay-
ing τ with pT 
 15 GeV� c, and 6 1 isolatedtracksystemwhich contains1 or 3 tracks
with ∑ pT 
 8 GeV� c. Eventswith 3 and 4 lepton candidatesare treatedas indepen-
dentmeasurements.In orderto reducebackgroundsfrom theSM Z+jet, diboson,andtt̄
production,selectioncriteriaon MOS454 [10], MSS4T4 , and∑ p 4T U �ET , areoptimizedfor the3-
leptonandthe4-leptonevents,respectively. The �ET is alsorequiredto beat least20GeV
for the3-leptoneventsalwaysandfor the4-leptoneventsonly whenMOS454V
 120GeV� c2.
With noexcess,theobservedupperlimit onσ 7 pp̄ � H �W� H �Q�X8:9 2 7 H �Q� �ZY τ 8 is used
to extract a lower limit on MH [\[ , assumingthe left-right symmetricmodelandexclu-
sivedecaysinto eτ andµτ. Thelower limits on themassof theleft-handedH �Q� boson
supersedethelimit setby theLEPexperimentsandarefoundto be:H �W�L 
 112GeV� c2

for theµτ andH �Q�L 
 114GeV� c2 for theeτ final states,respectively.

CONCLUSION

CDF hassearchedfor both theSM andnon-SMHiggsbosonsusing300–700pb� 1 of
data.No evidenceof Higgsbosonproductionis foundin theanalyzeddata,yet.As more
dataarebeingcollectedandmoreadvancedanalysistechniquesarebeingdeveloped,by
combiningtheCDFresultswith thoseof D0, theTevatronexperimentshavethepotential
to discoverSM aswell asnon-SMHiggs.
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