Search for Supersymmetry in Trilepton Final
States with the DG Detector

Marc Hohlfeld for the D@ Collaboration

Laboratoire de I’Accélérateur Linéaire, Orsay, France

Abstract. The data taken by the D@ 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

The proton—antiprotorcollider Tevatronprovidesat presenthe highestcenterof mass
enegy worldwidewith /s=1.96TeV. The D@ experimen{1], oneof thetwo detectors
locatedatthe Tevatronring, hascollecteddatacorrespondingo anintegrateduminosity
of ~1.2fb~! in thesocalledRunll A, whichendedn Februarythisyear Oneof themain
physicsgoalsof the D@ experimentis the searchfor supersymmetri€SUSY) particles.
AmongtheseSUSY particlesthe Chaginos ¥* andNeutralinos§®, the superpartners
of thegaugebosonsareof particularinterest becausehey arepredictedo berelatively
light, which allows for pair production,andthe decaymodeinto threechagedleptons
and missingtrans\erseenegy provides a cleansignaturewith small Standardviodel
backgroundexpectation.

SEARCH FOR CHARGINOSAND NEUTRALINGOS

Supersymmetric model and decay properties

The resultspresentechere are interpretedusing minimal supegravity (nSUGRA)
models.mSUGRA modelsare characterizedy ve parametersny, m;-, Ay, tanp,
andsign(u). Only modelswith R—paritycorversationareconsideredywhereR is given
by (—1)3(B-L+2s |eadingto a stablelightestsupersymmetriparticle (LSP), herethe
lightestNeutralinox?. In addition,the mSUGRA parametersre chosensuchthat the

Chagino and Neutralinomassegnainly follow the relation Mps &~ Myo ~ Zng. No

sleptonmixing is consideredaindthe masse®f &g, [Ir, andTr aredegenerated.

At the Tevatron,the dominantproductionprocesgor Chaginosand Neutralinosis
via an off-shellW boson(s—channel)The t—channeproductionvia squarksnterferes
destructvely with the s—channedndmay be suppressedependingon the squarkmass.



Thedecayof ChaginosandNeutralinosdependsn the massrelationof gauginosand
sleptonsThe parametersre chosensuchthat sleptonmassesrecomparableor larger
thanthe gauginomassesThe gauginosdecayvia off-shell gaugebosonsandsleptons,
while cascadalecaysare suppressed-or sleptonsthat are massdegeneratedvith the
Neutralino}é’ theleptonicbranchingratio is maximally enhanced3/—maxscenario).

Selection strategy

Thetrilepton nal stateis the goldenmodefor the searchof ChaginosandNeutrali-
nosatthe Tevatron.Thesignaturds characterizetyy threechagedleptonsandmissing
trans\erseenegy, F;, causedby the escapinglightest Neutralinosand the neutrino.
Neverthelesshesearclhis very challengingoecause¢heleptonshave low transyersemo-
mentaandthe crosssectiongimesbranchingfractionareonly in the orderof 0.5fb.

To geta high signalreconstructioref ciency, only two leptons(eithere or ) arere-
quiredto bereconstructed-or thethird lepton,only anadditionalhigh quality isolated
trackis requiredto maximizethe reconstructioref ciency andto be sensitve to elec-
trons,muons,andtaus.For somepointsin the ve dimensionalSUSY parametespace
the third leptonhasvery low pr, thusthe dilepton+trackanalysisbecomesnef cient
anda differentapproachs necessaryRequiringtwo like—signleptonsof the same a-
vor is sufcient to suppressarge fractionsof the StandardVlodel backgroundsindthe
demandor athird objectis notnecessary

Following the above strat@ies, four differentanalysesare presentedere.Threeof
theseanalysesequiretwo leptonsplusathird track,whereee [2], ey, andupu [3] nal
statesareconsideredor thetwo leptons.Thefourth analysiss basedn alike—signuu
selection(4].

The main backgroundcomponentgor the dilepton+trackanalysesare vectorboson
pair production(WW, WZ, and ZZ) and Z/y* and W production,where either the
missingtrans\erseenegy or one of the leptonsis misidenti ed. The backgroundfor
thelike—signdi-muonanalysids dominatedoy multijet eventsfrom QCD production.

ee + ¢ selection

Alreadyat preselectiorstage(two electronswith pt > 12GeVandpt > 8 GeV),the
StandardModelbackgrounds well undercontrol.Fig. 1 (left) shavsthe £, distribution
for theseevents.To rejectthe large contribution from Z/y* — ee events,the invariant
massis requiredto be in the the massrangebetweenl8 and 60 GeV and eventsare
vetoedwith a cut on the openinganglein the trans\erseplaneof Age < 2.9. Events
with largejet activity arerejectecto suppressemainingeventsfrom tt—production.

Several cutsrelatedto the missingtrans\erseenepgy areapplied.The missingtrans-
verseenepy itself is requiredto be £, > 22 GeV. Thetrans\ersemass calculatedrom
B andthe pr of theleptonsusingmr = /pr - ;- (1 — Ag(e E;)), mustbe larger
than20 GeV andthe signi canceof £, a measuref the contritution of jetsto Ey, is
requiredto bein excessof 8.
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FIGURE 1. F; inthe ee+ ¢ channel (left) and invariant mass in the Is yu channel (right).

Finally an isolatedtrack with transyersemomentumof at least4 GeV is required
andthe productof track pr andl; mustful Il therelationpr x E; > 220 GeV2. The
numberof eventsexpectedrom StandardModel processeandobseredin dataaswell
astypical signalexpectationsaaresummarizedn Tablel.

Like—sign nmselection

Thepreselectiom thelike—signdi-muonchanne(4] requireswo muonsof thesame
chagewith transersemomentapt > 5 GeVwhicharenotback—to—-backAg,, < 2.9).
Three—muoreventswith oppositesign pairs of invariantmassabove 65 GeV aredis-
cardedandthe pr requirementaretightenedto 13 and8 GeV. The invariantmassfor
theseoppositesign pairsis shavn in Fig. 1 (right).

Asin theee+ /¢ analysisasetof cutsrelatedto Iz areapplied.Themissingtrans\erse
enegy mustbein excessof 10 GeV while the transversemassis requiredto bein the
rangeof 15to 65 GeV. Thesigni canceof EE; mustbe greaterthan12 andthe product
of F£; andtrailing muon pr is requiredto be greaterthan 160 GeV2. A summaryof

the signaland backgroundexpectationaswell aseventsobseredin datais shavn in
Tablel.

em+ ¢ and nm-- ¢ selection

A detaileddescriptiorof thesetwo analyseganbefoundin Ref.[3]. A brief summary
of eventsexpectedandobsenedaswell assignalexpectations presentedn Tablel.

RESULTS

The numberof eventsobsered in the dataarein good agreementvith the Standard
Model expectation.Thusno evidencefor the productionof ChaginosandNeutralinos



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

Final state  Zjy (fb) Background Data Signal

ee+ /( 1.1 0.82+0.66 0 1.88+0.01 — 5.26+0.02
Is pu 0.9 1.1+0.4 1 0.61+0.01 — 3.76+0.15
eu+ ¢ 0.3 0.31£0.15 0 0.70+0.03 — 2.45+0.09
UU+ £ 0.3 1.75+0.57 1 0.47£0.02 - 1.944+0.08
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FIGURE 2. Upper limit on the sigma x Br(3¢) (left) and future predictions (right) as function of m X

hasbeenfound. Insteadupperlimits on the productioncrosssectiontimes branching
ratio have beensetusinga modi ed frequentistapproach.To avoid double counting
while combiningthe four analysessignaleventsfound by morethanoneanalysesre
assignedo the selectionwith the bestsignal-to—backgrountatio andremoved from
the others.The expectedand obsered upperlimits on o x Br(3¢) areshavn in Fig. 2
(left) asafunctionof the)”(li massandarein therangeof 0.8—1ph. Assuminga speci c
scenariothe crosssectionlimits canbetranslatednto a masslimit. Assumingthe 3/—
maxscenaridChaginoswith massedelov 146 GeV canbeexcluded.

CONCLUSION AND OUTLOOK

A searchor ChaginosandNeutralinoshasbeenperformedNo evidencefor SUSY has
beenfound. Masslimits thatimprove signi cantly on the Run| and LEP limits have
beenset.TheTevatronreachfor the Chagino andNeutralinosearchwith largerdatasets
is shawvn in Fig. 2 (right).
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