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Abstract. Thechargino-neutralinoproductionis oneof the mostpromisingSUSYprocessesthat
couldbeobservedat theTevatron.Crosssectionsof theorderof 0.1pb havenot beenexcludedyet
underthe mSUGRAscenario,whereasthe trilepton signatureof the processis not contaminated
by significantstandardmodelbackgrounds.We reporton the statusof CDF searchfor chargino-
neutralinoproductionat the Tevatronby presentingthe resultsof five multileptonsubanalysesas
well astheresultof their combinationwhich leadsto our currentlower limit on thechargino mass
of 127GeV/c2 andupperlimit on theproductioncrosssectiontimesbranchingratio to leptonsof
0.25pb at 95%confidencelevel.
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1. INTRODUCTION

Supersymmetry(SUSY)predictsfermionicpartnersfor thestandardmodel(SM) gauge
bosonsand the Higgs, the gauginosandhiggsinos,which mix to give the observable
charginosandneutralinos.In minimalsupersymmetricextensionsof theStandardModel
(MSSM)with R-parityconservation,thecharginosandneutralinosareproducedalways
in association,whereasthe lightest supersymmetricparticle (LSP) is stable.In the
mSUGRA scenario,the LSP is the lightest neutralino.In this paperwe considerthe
associatedproductionof thechargino andthenext-to-lightestneutralinoat theproton-
antiprotonTevatroncollider. Dependingon thesleptonmasses,theirdecaywill proceed
eitherthroughsleptons,which will alwaysdecayto leptons,or throughoff-shell gauge
bosonswhichwill decayto leptonsonly afractionof thetime.In theformercasemissing
ET (

�
ET ) will resultfrom theundetectedLSPs,whereasin the lattercasefrom both the

LSPsandneutrinosfrom theW decays.In bothcases,theexperimentalsignatureis three
leptonsand

�
ET or twosame-chargeleptonsand

�
ET , thetrileptonsignaturedemonstrating

thelowestSM backgrounds.

2. MSUGRA PARAMETERS

Our mSUGRAbenchmarkassumesM0 � 100 GeV/c2, M1� 2 � 180 GeV/c2, A0 � 0,
tanβ � 5 andµ � 0, andcorrespondsto chargino, next-to-lightestneutralino,andLSP
neutralinomassesof � 113, � 118,and � 66GeV/c2, respectively. Theproductioncross
sectiontimesbranchingratioto leptons(σ � BR) is 0� 642 � 0� 22pb. For theestablisment
of our chargino massandproductioncrosssectionlimits we useanmSUGRA-inspired
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TABLE 1. The CDF chargino-neutralinoanalysescharacterizedbasedon final lepton
flavor, triggers,andkinematics.

Analysis Trigger LeptonpT cuts(GeV/c)

µ + e/µ + e/µ High-pT singlemuon 20,10,5
e+ e+ e/µ High-ET singleelectron 20,8, 5
µ +µ + e/µ Low-pT dimuon 5, 5, 5
e + e + track Low-ET dielectron 15,5, 4

Same-chargeee/µµ /eµ Low-ET (pT ) singleelectron(muon) 20,10

MSSM modelfor a higherBR to electronsandmuons:we assumedegenerateslepton
masses,which reducesthedecaysthroughtaus,useM0 � 60GeV/c2, A0 � 0, tanβ � 3
andµ � 0, wherethelowervalueof M0 enhancesthedecaysthroughsleptons,andvary
theM1� 2 gauginomassfrom 160to 230GeV/c2.

3. CDF CHARGINO-NEUTRALINO SEARCHES

TheTevatronis currentlythehighest-energy hadroncollider in theworld colliding pro-
tonswith antiprotonsatcenter-of-massenergy of � s � 1� 96TeV. CDF[1] is amultiple-
purposedetectorof particlescomingfrom the Tevatroncollisions.The CDF analyses
we presentuseintegratedluminositiesbetween300and750pb� 1. Five analyseswere
developed,characterizedby thekind, number, andmomentaof thefinal objects.High-
ET (pT ) single electron(muon)and low-ET (pT ) doubleelectron(muon)triggers were
utilized, requiring a single lepton with transverseenergy or momentumhigher than
18 GeV(GeV/c), or two leptonswith transverseenergy or momentumgreaterthan 4
GeV(GeV/c) respectively. The standardCDF lepton identificationcutsare appliedto
electronandmuoncandidatesoffline, andthejetsarecorrectedandcountedif their en-
ergy exceeds20 GeV. Table1 describesthefive analyseswe presentin this paper. All
of our analysesarestatisticallyunbiased;kinematiccontrol regionsareinvestigatedto
establishthecorrectunderstandingof theSM backgroundsin bothnumberof eventsand
shapes,whereasthesignal-region resultsareonly studiedat theveryend.

Main backgroundsto the chargino-neutralinoleptonicsignalareSM processesthat
resultto final statechargedleptonsand

�
ET from eitherundetectedor misreconstructed

physicalobjects.Themaincommonbackgroundfor all analysesis theDrell-Yan(DY)
process,which resultsto two real chargedleptons,with the presenceof a third lepton
coming from lepton-misrecostruction(fake) or conversions,and

�
ET coming from the

misreconstructionof theevent.Thedibosonproduction(WW , W Z, andZZ) is another
significantbackground,with an abundanceof leptons,and

�
ET coming from the neu-

trino(s) or misreconstruction.The heavy-flavor (HF) productionis a significantback-
groundfor thedimuon+leptonanalysisthatconsidersleptonsatverylow transversemo-
menta,whereastheW 	 γ productionis a significantbackgroundfor the same-charge
dileptonanalysis.Most backgroundcontrolregionsinvestigatedaresub-domainsof the�
ET vs.dileptonmassregion,with lower

�
ET andmassregionsusedfor theunderstanding

of the photonDY andpossibleHF production,whereasthe Z-massregion is usedfor
ourDY MonteCarlovalidation.



TABLE 2. Fractionof expectedSUSY signal,determinedfor our benchmarkSUSY
scenario,andsourcesof SM backgroundfor all channels.

Analysis SUSY WW 
 WZ 
 ZZ DY+γ Fakes Other

µ + e/µ + e/µ 65% 16% 9% 9% 1% (tt̄)
e + e + e/µ 74% 10% 10% 5% 1% (tt̄)
µ +µ + e/µ 58% 10% 6% 16% 10%(HF)
e + e + track 63% 17% 12% included 8% (tt̄)

Same-chargeee/µµ /eµ 32% 9% 12% 13% 34%(W � γ)

Thesignal-region requirementfor all analysesis theenergy isolationandgoodspace
separationof the final objects,electrons,muonsand tracks.High

�
ET above 15 or 20

GeV is requiredand
�
ET is correctedfor the muonsand jets. The dilepton massof

at least the leading leptonsis requiredto be away from the Z-massregion (76-106
GeV/c2). The dileptonmassmustbe above 15 or 25 GeV/c2, for the reductionof the
QCD background,photonDY andremoval of resonances.Low multiplicity of jets is
required,for the reductionof the top backgroundandW � Z+jets.∆φ cutsbetweenthe
muonsfor thereductionof residualcosmics,andbetweenany leptonsfor thereduction
of theDY backgroundareapplied.

Commonchallengesfor all analysesare the fake estimationand the conversions
modeling.The fakes are estimatedby the applicationof a fake rate, extractedfrom
several jet-rich datasamples,on all the tracksandjets of eachevent.The conversions
are studiedin detail in conversions-richdatasamplesand a scalefactor (SF) of the
inefficiency of theconversionsremoval is appliedontheDY+γ MC. TheHF background
is estimatedusingdata:a HF-rich datasampleis constructedby reversingthe impact
parameterrequirementfor at leastoneof the two muons,and its dimuon massfitted
to thedatafor properweighting.Theresultof our data-basedbackgroundestimationis
verysatisfactoryin bothabsoluteyieldsandkinematicdistributions.Table2 summarizes
thesourcesof thebackgroundsfor our analysesandthefractionof expectedsignalfor
ourSUSYbenchmark.

Systematicuncertaintiescomefrom MC statistics(15-20%),thejet energy scale(15-
20%), the fake rate and HF estimation(5-15%), conversionsremoval (10%), lepton
identificationandtriggerSF (2-6%),theoreticalcrosssections(1-7%), initial andfinal
stateradiation(5%),andPDFandQ2 (2-6%).

4. RESULTS AND CONCLUSIONS

After satisfactoryagreementbetweendataandexpectationin our control regions,we
look at thedatain our signalregions.Table3 showstheexpectedSM andSUSYevents
in the signal region for all analyses,as well as the observed data.We seeone high-
pT µµµ event,whenwe expect1� 4  0� 2 from theSM for thatchannel,oneee+track,
whenwe expect0� 5  0� 1, and9 same-charge dileptons,whenwe expect7  1. These
resultsareconsistentwith the SM prediction,andwe thusproceedsettinga limit on
thechargino massandproductioncrosssection.Usinga frequentistsapproach[2], and
properlycombiningourresultstakingoverlapsinto account,weobtaintheexclusionplot



TABLE 3. ExpectedSUSYsignal,estimatedSM background,andobservedeventsfor all channels.

Analysis Luminosity(pb� 1) SM Background SUSYsignal Observedevents

µ + e/µ + e/µ 745 1� 4 � 0� 2 2� 6 � 0� 2 1
e+ e + e/µ 345 0� 17 � 0� 05 0� 49 � 0� 05 0
µ +µ + e/µ 310 0� 13 � 0� 04 0� 17 � 0� 03 0
e + e + track 610 0� 5 � 0� 1 0� 82 � 0� 06 1

Same-chargeee/µµ /eµ 705 7 � 1 3� 2 � 0� 3 9
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FIGURE 1. Theobservedeventsfor same-chargeee/µµ /eµ , µ + e/µ + e/µ ande + e + trackanalyses
(signalexpectationfor ourbenchmarkSUSYscenario).

of σ � BR as a function of chargino mass,
presentedin Figure 2. The chargino mass
limit is M 5 χ̃ 60 7 � 127GeV/c2 andthecross
sectionlimit is σ � BR8 0� 25 pb� 1 at 95%
confidencelevel (CL) in the MSSM model
describedin Section 2. These limits are
consistentwith thoseset by other experi-
mentsusing similar models[3]. Our anal-
yseswill beextendedto includemorechan-
nelsanduseluminosityreachingandexeed-
ing 1 fb � 1 in theimmediatefuture. 0
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FIGURE 2. Theexclusionplot aftercombiningall analyses.
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