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Abstract. The data taken by the DØ experiment at the proton–antiproton collider Tevatron has been
used to search for signatures with two or more leptons and missing transverse energy as they are
expected for the decay of pair produced Charginos and Neutralinos. No excess above the Standard
Model prediction has been observed and the results have been used to set mass limits for these
particles.
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INTRODUCTION

Theproton–antiprotoncollider Tevatronprovidesat presentthehighestcenterof mass
energy worldwidewith

√
s = 1.96TeV. TheDØ experiment[1], oneof thetwo detectors

locatedattheTevatronring,hascollecteddatacorrespondingto anintegratedluminosity
of≈1.2fb−1 in thesocalledRunIIA, whichendedin Februarythisyear. Oneof themain
physicsgoalsof theDØ experimentis thesearchfor supersymmetric(SUSY)particles.
AmongtheseSUSYparticles,theCharginos χ̃± andNeutralinosχ̃0, thesuperpartners
of thegaugebosons,areof particularinterest,becausethey arepredictedto berelatively
light, which allows for pair production,andthedecaymodeinto threechargedleptons
andmissingtransverseenergy providesa cleansignaturewith small StandardModel
backgroundexpectation.

SEARCH FOR CHARGINOS AND NEUTRALINOS

Supersymmetric model and decay properties

The resultspresentedhereare interpretedusing minimal supergravity (mSUGRA)
models.mSUGRA modelsare characterizedby � ve parametersm0, m1=2, A0, tanβ ,
andsign(µ). Only modelswith R–parityconversationareconsidered,whereR is given
by (−1)3(B−L)+2s, leadingto a stablelightestsupersymmetricparticle(LSP),herethe
lightestNeutralinoχ̃0

1 . In addition,the mSUGRAparametersarechosensuchthat the
Chargino and Neutralinomassesmainly follow the relation mχ̃§

1
≈ mχ̃0

2
≈ 2mχ̃0

1
. No

sleptonmixing is consideredandthemassesof ẽR, µ̃R, andτ̃R aredegenerated.
At the Tevatron,the dominantproductionprocessfor CharginosandNeutralinosis

via anoff–shellW boson(s–channel).The t–channelproductionvia squarksinterferes
destructively with thes–channelandmaybesuppresseddependingon thesquarkmass.



Thedecayof CharginosandNeutralinosdependson themassrelationof gauginosand
sleptons.Theparametersarechosensuchthatsleptonmassesarecomparableor larger
thanthegauginomasses.Thegauginosdecayvia off-shell gaugebosonsandsleptons,
while cascadedecaysaresuppressed.For sleptonsthat aremassdegeneratedwith the
Neutralinoχ̃0

2 theleptonicbranchingratio is maximallyenhanced(3`–maxscenario).

Selection strategy

Thetrilepton�nal stateis thegoldenmodefor thesearchof CharginosandNeutrali-
nosat theTevatron.Thesignatureis characterizedby threechargedleptonsandmissing
transverseenergy, E/T , causedby the escapinglightest Neutralinosand the neutrino.
Neverthelessthesearchis verychallengingbecausetheleptonshave low transversemo-
mentaandthecrosssectionstimesbranchingfractionareonly in theorderof 0.5fb.

To geta high signalreconstructionef�ciency, only two leptons(eithere or µ) arere-
quiredto bereconstructed.For thethird lepton,only anadditionalhigh quality isolated
track is requiredto maximizethe reconstructionef�ciency andto be sensitive to elec-
trons,muons,andtaus.For somepointsin the� ve dimensionalSUSYparameterspace
the third leptonhasvery low pT , thusthe dilepton+trackanalysisbecomesinef�cient
anda differentapproachis necessary. Requiringtwo like–signleptonsof thesame�a-
vor is suf�cient to suppresslargefractionsof theStandardModel backgroundsandthe
demandfor a third objectis notnecessary.

Following the above strategies,four differentanalysesarepresentedhere.Threeof
theseanalysesrequiretwo leptonsplusa third track,whereee [2], eµ, andµµ [3] �nal
statesareconsideredfor thetwo leptons.Thefourthanalysisis basedona like–signµµ
selection[4].

The main backgroundcomponentsfor the dilepton+trackanalysesarevectorboson
pair production(WW , WZ, and ZZ) and Z/γ∗ and W production,where either the
missingtransverseenergy or oneof the leptonsis misidenti�ed. The backgroundfor
thelike–signdi–muonanalysisis dominatedby multijet eventsfrom QCDproduction.

ee+ ` selection

Alreadyatpreselectionstage(two electronswith pT > 12GeVandpT > 8 GeV),the
StandardModelbackgroundis well undercontrol.Fig.1 (left) showstheE/T distribution
for theseevents.To rejectthe large contribution from Z/γ ∗ → ee events,the invariant
massis requiredto be in the the massrangebetween18 and60 GeV andeventsare
vetoedwith a cut on the openinganglein the transverseplaneof ∆φee < 2.9. Events
with largejet activity arerejectedto suppressremainingeventsfrom t t̄–production.

Severalcutsrelatedto themissingtransverseenergy areapplied.Themissingtrans-
verseenergy itself is requiredto beE/T > 22GeV. Thetransversemass,calculatedfrom
E/T andthe pT of the leptonsusingmT =

√

pT ·E/T · (1 − ∆φ(e,E/T)), mustbe larger
than20 GeV andthesigni�canceof E/T , a measureof thecontribution of jets to E/T , is
requiredto bein excessof 8.
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FIGURE 1. E/T in the ee + ` channel (left) and invariant mass in the ls µµ channel (right).

Finally an isolatedtrack with transversemomentumof at least4 GeV is required
andtheproductof track pT andE/T mustful�ll therelationpT ×E/T > 220GeV2. The
numberof eventsexpectedfrom StandardModelprocessesandobservedin dataaswell
astypical signalexpectationsaresummarizedin Table1.

Like–sign mmselection

Thepreselectionin thelike–signdi–muonchannel[4] requirestwo muonsof thesame
chargewith transversemomentapT > 5 GeVwhicharenotback–to–back(∆φµµ < 2.9).
Three–muoneventswith oppositesign pairsof invariantmassabove 65 GeV aredis-
cardedandthe pT requirementsaretightenedto 13 and8 GeV. The invariantmassfor
theseoppositesignpairsis shown in Fig. 1 (right).

As in theee+` analysisasetof cutsrelatedto E/T areapplied.Themissingtransverse
energy mustbe in excessof 10 GeV while the transversemassis requiredto be in the
rangeof 15 to 65 GeV. Thesigni�canceof E/T mustbegreaterthan12 andtheproduct
of E/T and trailing muon pT is requiredto be greaterthan160 GeV2. A summaryof
the signalandbackgroundexpectationaswell aseventsobserved in datais shown in
Table1.

em+ ` and mm+ ` selection

A detaileddescriptionof thesetwo analysescanbefoundin Ref.[3]. A brief summary
of eventsexpectedandobservedaswell assignalexpectationis presentedin Table1.

RESULTS

The numberof eventsobserved in the dataare in goodagreementwith the Standard
Model expectation.Thusno evidencefor theproductionof CharginosandNeutralinos



TABLE 1. Number of events expected and observed in data and signal predictions.

Final state Lint (fb) Background Data Signal

ee + ` 1.1 0.82±0.66 0 1.88±0.01 – 5.26±0.02
ls µµ 0.9 1.1±0.4 1 0.61±0.01 – 3.76±0.15
eµ + ` 0.3 0.31±0.15 0 0.70±0.03 – 2.45±0.09
µµ + ` 0.3 1.75±0.57 1 0.47±0.02 – 1.94±0.08
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FIGURE 2. Upper limit on the sigma×Br(3`) (left) and future predictions (right) as function of mχ̃±
1

.

hasbeenfound. Insteadupperlimits on the productioncrosssectiontimesbranching
ratio have beenset using a modi�ed frequentistapproach.To avoid doublecounting
while combiningthe four analyses,signaleventsfoundby morethanoneanalysesare
assignedto the selectionwith the bestsignal–to–backgroundratio andremoved from
theothers.Theexpectedandobservedupperlimits on σ ×Br(3`) areshown in Fig. 2
(left) asa functionof the χ̃±

1 massandarein therangeof 0.8–1pb. Assumingaspeci�c
scenario,thecrosssectionlimits canbetranslatedinto a masslimit. Assumingthe3`–
maxscenarioCharginoswith massesbelow 146GeVcanbeexcluded.

CONCLUSION AND OUTLOOK

A searchfor CharginosandNeutralinoshasbeenperformed.No evidencefor SUSYhas
beenfound. Masslimits that improve signi�cantly on the Run I andLEP limits have
beenset.TheTevatronreachfor theCharginoandNeutralinosearchwith largerdatasets
is shown in Fig. 2 (right).
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