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Basedon a sampleequivalentto 365000 hadronicZ
0 decays,the searchin DELPHI

datafor pairs of leptonsaccompaniedby a pair of chargedparticles is described.A total
of 11 eventswere found in the electronchannel,9 in the muon channeland 7 in the tau
channel.Resultson leptonpairs with a radiatedphotonare also presented.The datafrom
all channelsarecompatible with the expectationsfrom standardprocesses.However, one
eventwas found in the tau channelwith an unusually high massof the chargedparticle
pair.

1. Introduction

This article describesa study of eventsconsistingof a lepton pair and one
pair of chargedparticles,recordedin the DELPHI detectorat LEP. Thelepton

pair, f+Fy, may be e+e, ~ or i~r. The otherpair of particles,hereafter

called V, canbe eithera lepton pair or a hadronpair. Eventsof this type canbe
producedthrough second-orderQEDprocesses,whenan off-mass-shellphoton
from initial or final-statebremsstrahlungmaterializesinto a pair of fermions.
Calculationsof ratesanddifferential distributions havebeenmadein ref. [1].
Thesesimple final statesare of interest for several reasons.They allow one

to extendthe precisiontestsof QED from the final stateswith a real photon
radiatedto the case where a virtual photon is produced.Also, although they
are rather rare, they can be a significant backgroundin searchesfor the Higgs
bosons[2j. Finally, an anomalyin the productionrateor distributionof events
could be a signalof new physicsbeyond the standardmodel. A possiblesmall
excessin the ~ channelwas suggestedin 1990 by the AMY collabo-
ration [3j, working in the TRISTAN/KEK accelerator,and later the ALEPH

collaboration [4] reportedan excessof t~rV events.In July 1991 the Markil
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[5] collaborationusing data taken at PEP/SLACand the OPAL [61 and the
DELPHI [71collaborationsusingdatafrom LEP/CERN all quotedno discrep-

ancieswith the standardmodel. More recently,the AMY collaborationreported
that with the increasein statistics,their dataare not significantly different from
expectations[8].

The dataanalyzedhere wererecordedby DELPHI during 1990 and 1991 in

a samplecorrespondingto 365000 hadronicZ°decays.The eventsweretaken
at centreof massenergiesbetween88.2and 94.2GeV with 74% at the peakof
the Z°crosssection~the integratedluminosity was 15.7pb’.

The organizationof the paperis the following: in sect. 2 a descriptionof the

essentialfeaturesof the DELPHI detectoris given. In sect. 3 the Monte-Carlo
simulationis presented.The eventselectionis explainedin detail in sect.4 and
the eventidentification is describedin sect. 5. In sect. 6 theresultsaregiven, and
in sect. 7 a checkwith H’y eventsis presented.Finally conclusionsare drawnin

sect. 8.

2. Apparatus

An exhaustivedescription of the DELPHI detector can be found elsewhere

[9]. The specific propertiesrelevant to this analysisarenow described.
Chargedparticle tracksare measuredin the 1.2 T magneticfield by three

cylindrical trackingchambers:the Inner Detector(ID) coverspolaranglesfrom
30°to 150°at radii 12 to 28 cm, theTime ProjectionChamber(TPC), the main
trackingdevice,coverspolar anglesfrom 20°to 1600 and radii between35 and
111 cm andthe Outer Detector (OD) coverspolar anglesfrom 43°to 137°at
radii between198 and 206 cm.

The Microvertex Detector(VD) consistsof threecylindersmadeof two inde-
pendenthalf-shellsinsertedbetweenthe beampipe andthe ID. Eachhalf-shell

containscoaxiallayersof microstrip detectorslocateda radii 6.3 (only for 1991
data), 9 and 11 cm. They measurethe transversecoordinatesandcover polar
anglesfrom 43°to 137°.The VD wasusedin the analysisafter the eventselec-
tion to checkon possiblephotonconversionsoccurringbetweenthe VD and the
TPC sensitiveregions.

The energy of the photons and electrons is measured by the High Density
Projection Chamber (HPC) and by the ForwardElectromagneticCalorimeter
(FEMC). The HPC has nine layersof lead andgas coveringpolar anglesfrom
43°to 137°andradii between208 and260 cm.The FEMC hasleadglassblocks
coveringpolar anglesfrom 10°to 36°andfrom 144°to 170°.

Hadronshowerenergiesaremeasuredby combiningthe measurementsfrom
the Hadron Calorimeter (the instrumentediron return yoke for the magnet),

coveringpolar anglesfrom 10°to 170°,andthe electromagneticcalorimeter.
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Muonsareidentifiedby their penetrationthroughtheyoke to theMuon Barrel

(MUB) and Forward (MUF) chambers,which havelayersembeddedin and
outsidethe iron yoke,andcoverpolaranglesfrom 9°to43°,from 52°to 128°and
from 137°to 17 1°.The calorimetersalso distinguishhadronor electromagnetic
showersfrom minimum ionizing particles.

TheSmallAngleTagger(SAT) wasusedto measuretheluminosity. It consists
of an electromagneticcalorimetercoveringpolar anglesfrom 43 to 1 35 mrad.

3. The simulationof known physicsprocesses

At the Z°pole the main processescontributingto thef~fV signalarethe Z°
decaysinto leptonsandthei-channel photonexchange,bothwith virtual photon
productionproviding the other pair of chargedparticles.There is a small con-
tribution to the signal from multiperipheraland conversion-typediagrams[1].

The generationof the l+8V eventsusesa Monte-Carloprogramthat is de-

rived from the onedescribedin ref. [1], but with the Z°diagramsaddedto the
photonones.The electromagneticcoupling constantis assumedequalto 1/128

for the Z°propagatorand 1 / 137 for thephotonpropagator.Thisgeneratorpro-
gramdoesnot include initial radiation, hencethe crosssectionsobtainedwere
multiplied by a correctionfactor dependingon the energy in thecentreof mass

(0.74 at the Z°peak).
The programwasmodified to accountfor final statescontaininga pion pair.

This wasdone by generatingC +[/L+/1 events,changingthe muonpair in a
pion pair, andthenweighting eachof them accordingto thetimelike pion form
factorasmeasuredin the ratio of~~rvm_productionto /1+u~ production [10] in
low-energye+e annihilations.This factor,which wasassumedto be zeroabove
a V massof 1.6 GeV, takes into account both the resonantmassdependence
aroundthe p regionandthe different angulardecaydistributionsfor pion and
muonpairs.Final statescontainingotherhadronpairshaveacontribution one

orderof magnitudesmaller [11] andwere not simulated.
A total of 500 events(about 250 pb~)weregeneratedfor eachfinal state,

requestingpair invariant massgreaterthan 50 MeV/c2 andpolar anglegreater
than 15°(except for the i~tV channel).They weresubmittedto the full de-

tectorsimulation [12] allowing for all decaysand interactions,andthe results
were processedby the samereconstructionand analysis programsas the raw
datafrom LEP.

In addition to the simulatedC +1_V events,other sets of generatedevents
were also passedthrough the detectorsimulation, reconstructionand analysis
programsin orderto estimatethebackground.Thedatasamplesusedcomprised
20 pb’ of simulated Bhabhaevents (etc -~ e~e(;’)) from the program
BABAMC [13], 35 pb’ of simulatedMuon events (eke jr~u(y)) from
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DYMU3 [14], 50 pb~of simulatedTau events (eke r~t~)’)) from
KORALZ [15] and 25 pb~of simulatedhadronicevents (e~e~ q~j(~’))
from JETSET7.3[16].

4. Event selection

Thechargedparticlemultiplicity distinguishesC ~CV eventsfrom mostdilep-
tonandhadronicfinal states.Candidateeventsarerequiredto havefourcharged

particlesor, to accepty+z’V eventsin which one of the r decaysinto three
chargedpions,six chargedparticles.Backgroundeventscomefrom t~t events
with 3-prongdecay of oneor both of the t’s, C + C ~‘ eventswherethe photon

converts,and hadronicjets at small anglesto the beam,where the efficiency
for reconstructingparticlesis low. In order to reducethesebackgrounds,the
characteristictopology of C’CV eventsis exploited, favoring a quasi 3-body
configuration, andwith a wide range in the invariant mass of the CV system
(constrainedin the i~r events)or of the V pair (peakedat very low masses
in the contributionfrom realphotonconversions).

In the following subsectionsthe successiveselectioncriteria will bedescribed
in detail.

4.1. SELECTION OF CHARGED PARTICLES

Charged particles must come from the interaction region within 6 cm along the
beamdirectionand within 3 cm in the transverseplane (4 cm for polar angles
lower than 40°or greaterthan 140°).They shouldhavea polar anglebetween

25°and 155°,andmomentumgreaterthan0.2 GeV/c. Eventsmust havefour
or six chargedparticleswith zero total charge.If therewere only four charged

particles,up to two additionalchargedparticlesnotcomingfrom theinteraction
regionwereallowed;thesemay be theresult of an associatedphotonconversion.
To removephoton-photoninteractionsthe sumof the absolutemomentaof the

chargedparticlesmust beabove 15 GeV (seefig. 1) andtheremustbe at least
two jets. Thejet topologywasdeterminedusingthejet clusteralgorithm JADE
[16] with default parameterYcut = 0.05.

At this first levelabout 4100 eventswere kept.

4.2. SUPPRESSIONOF r~v BACKGROUND

The backgroundfrom t~i eventscan be much reducedby applying a cut
on the lowest invariant massof all possibletriplets of particles:in a perfectly
reconstructedtau decay, this mass should not exceed 1.7 GeV, while for the
signalno suchconstraintis present.For the samplewith four chargedparticlesa
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Fig. 1. Sum of the momentaof the chargedparticles.

minimal massof 2.5 GeV/c2wasimposedon all combinationsof threecharged
particles.For the samplewith six chargedparticles,all possiblecombinations
of threechargedparticleswith total charge+ 1 and invariant masslower than
1.7 GeV/c2werecounted.Eventswith oneandonly onesuchcombination(at
decaycandidate)andan invariantmassof the otherthreeparticlesgreaterthan
2.5 0eV/c2 wereretained.The acceptedparticlecombinationwasreplacedby
its total momentum,reducingthis caseto four chargedparticles.

Fig. 2 shows that the triplet massspectrumis dominatedup to 1.6 GeV/c2
by the x into 3m contribution.The reliability of the Monte Carlo simulationof
the 3m massdistribution wasverified usingselecteddecaysof the Z°into t~r

[17]. It canbe seenthat the 2.5 GeV/c2cut removesmostof this background;

the contaminationremainingin the final samplewasestimatedto be 1.6 ±0.5
events.This contributioncomesfrom eventsin whichoneof the chargedpions
hassuffereda nuclearinteraction in the materialbetweenthe decayvertexand
theTPC, resultingin abadlyreconstructedr mass.Above 1.6 GeV/c2,theexcess
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Fig. 2. Invariant massof the threenearestchargedparticles, for eventswith only four tracksand
total chargezero.The solid line representsthe data, the dashedline representsthe Monte-Carlo
for the simulation of ~ background,and the dotted line representsthe Monte-Carlo for the

signal for a luminosity correspondingto hundredtimes the luminosity of the datasample.

abovetheexpectedC ~CV signalis mainlydueto the backgroundfrom hadronic

eventsand leptonic eventswith convertedphotons.
After the massselection3 16 eventsremained.

4.3. REJECTIONOF CONVERTED PHOTONS

Photonconversionsare recognizedsincethey give two chargedparticletracks
which havealmostthe samepolar angleandvery small invariant mass. In the
transverseplane the circular trajectoriesof the two tracksare almosttangent.
Therefore,for every pair of particles,the transversetrajectorieswereextrapo-

latedto thepointwherethetangentswereparallelandthedistancebetweenthem
wassmallest.The pair wasconsidereda convertedphoton if at that point the
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Fig. 3. Smallestinvariantmass (assumingthe sameazimuthal angle)of all possiblecombinations
of two chargedparticles.Thcsolid line representsthe data,and the shadedregion representsthe
Monte-Carlo for the signal for a luminosity correspondingto ten timesthe luminosity of the data

sample.

invariant masswasbelow 85 MeV/c’2 and the distancebetweenthe trajectories
wasless than4.5 cm. For particleswith momentumlower than0.6 6eV/c, the

cut wasincreasedto takeinto accountmultiple scatteringeffects.Forthe sample
with six chargedparticles,the threeparticlesmaking the t candidatewere not

used.In fig. 3 the invariant massof thepair is shown,comparingdataandsignal
Monte-Carlosimulation (multiplied by 10). No eventsfrom the Bhabhaand
Muon Monte-Carlosimulatedsamplessurvive this selection.

Thesecuts removed246 eventsandthus 70 candidateeventsremained.

4.4. REMOVAL OF HADRONIC BACKGROUND

ThepreferredtopologiesofP’~1Veventsare 1-3 (i.e. two jetswith theV and
onelepton in the samejet) and 1-1-2 (i.e. threejetswith the V in a separatejet),
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while hadronicbackgrounddueto lost tracksoften have2-2 and 1-3 configu-

rations.Hadronic eventsin 1-3 topologyarehighly suppressedby the previous

triplet masscut. Theeventswith 2-2 topologywere rejected.With this cut 39 of
the 2-2 type eventswereremovedfrom the 70 candidateevents.This criterion
is stablefor variationsof up to +0.03 in the .

T’cut parameter.
The 39 eventsremovedhadmoreextra-tracks,that is tracksnot extrapolating

to the interactionregion, and very few identified leptons;indeed, only 6 out
of the 31 remainingcandidateshad extra tracks, while 23 out of the 39 2-2
eventshadat leastone extratrack, andonly 4 out of the 39 2-2 eventshadan
identifiedlepton (3 candidatemuonswith momentumgreaterthan 5 6eV/c,and
1 candidateelectronwith energygreaterthan 5 GeV/c). Theseresultsconfirm

that the rejectedsamplemostly containedq~events.
The quasi 3-body configuration of the 1+1—V eventswas usedas a further

selection,to eliminate hadroniceventswith undetectedparticles.After merging
thetwo particlesthat maketheV into a singleparticle,theresultingconfiguration
should be planar,evenfor t+rV events,sincein this casethe chargeddecay
productsfollow closely the direction of the tau. Thereforethe sumof its three

internal anglesshould be approximately360°.Rejectingthe eventsfor which
thereis no combination of two oppositelychargedparticlesfor the V giving a
sumof anglesgreaterthan 357°,2 out of the 31 candidateswereremoved.The
efficiencyof this cut is high for thesignal: 99%for thee~e V andjt ~jiV events
and 85%for the t4tV events.

Finally, in hadronicevents,largeamountsof hadronicenergynotassociatedto

chargedparticlescanbe expected,dueto neutralparticlesandchargedparticles
lost in the forward region, while for the ~ eventsthis is not the case:99%
of the simulatede~eVandp~j~Veventsand95% of the simulatedz~yV
eventsdeposit less than 10 6eV in the hadronic calorimeterunassociatedto
chargedparticles.Thereforetwo candidateswhichhad depositsof unassociated
hadronicenergygreaterthan 10 GeV wereremoved.

After all the selections,27 candidateeventswereretained,which constituted

the final sample.
Applying this analysisto thesimulatedq~backgroundsample,1.8+ 1.0events

survive the cuts.
However, as the q~Monte-Carlo programsare not well tested in the low

chargedmultiplicity domain,an estimateofthe hadronicbackgroundwasmade
from the data.In this estimatethe eventswith non zero total chargewere used,
sincethe incompletehadroniceventsdo not necessarilyhavezero total charge.
In fact,before thetopologycut, wherethe othermainbackgroundswerealready
highly suppressed,39 zerototalchargeeventsand32 nonzerototal chargeevents
werefound with topology2-2. Removingthe chargeconservationcut, two non-
zero totalchargeeventssurviving all the othercuts werefound.However,after
inspection,oneof thesetwo eventswasidentified as aC+1V eventwhere there
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wasa wrong chargeidentification in oneof the tracks(0.7 eventsareexpected
from the CCV Monte-Carlo).Therefore,accordingto the ratio of the hadronic
samplesin the zero and non zero total chargeevents,the remaininghadronic
backgroundin the candidatesampleis estimatedto be 1 .2 + 1.2 events.

This is in good agreementwith the aboveMonte Carlo estimate; taking the
weightedaverageonegets 1.6 ±0.8 events.

5. Identification of events

The 27 candidateeventswereclassifiedas t+TV, e+eV orp~uV, accord-

ing to the multiplicity, the total measuredenergy,andthe lepton identification.
To definethe V, eachpair of oppositelychargedparticleswasmergedinto a

singleone.If theresulting3-particleconfigurationhadthe sumof its threeinter-
nal angleshigher than357°,the pair waschosenas the V candidate.Whenmore
than one such pairexisted,and if the two particlescomposingthe V werenot
identifiedas leptonsof different flavour, theonewith thelowest masswastaken.

5.1. IDENTIFICATION OF r~rV EVENTS

Events with 6 chargedparticles, or eventswith four chargedparticlesand

sumof their absolutemomentalowerthan 65 GeV/candtotalelectromagnetic
energybelow 65 GeV, wereconsideredT+rV events.This cut retains 86% of
the simulatedr+1V events,while the contaminationfrom simulatede+eV
or p4 jrV eventsis 1%. Therewere7 eventsclassifiedas

All eventsbut one containedat leastoneidentified electronor muon, a con-

dition which was not imposedon the selectionand which confirms that the
candidateeventsarenot significantly dominatedby hadronicbackground.The
spreadin mass of the lowest masstriplet of chargedparticle tracksand the
fact that at least one particle of this triplet was identified as a lepton in 5
out of the 7 r+z~Vevents, also excludesany significant contaminationdue
to poorly reconstructedt~r decayinginto 3m. The total backgroundto this
channel is estimated,as describedin the previoussections, to be 1.6 ±0.5
eventsfrom t~t backgroundand 1.6+ 0.8 eventsfrom hadronicbackground.

5.2. IDENTIFICATION OF e~eVAND
1G1iV EVENTS

The remaining20 eventswere classifiedase+e_V or ~1
4jrV events.

Out of these20 events, 11 events were identified as e+e—V by demanding
that one of the leptons (not making the V) had Eem/pbetween0.6 and 1.7,
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TABLE 2

Observednumbersof eventscomparedto the expectednumbersof events:/ + I — V is the expected
signal, /‘).f~ representsthe added contribution from Bhabhaand Muon backgroundsimulated

samples.~r is the a-~r backgroundsampleand q0 is the hadronicbackgroundsample.

Channel Data Monte-CarloExpectations

Signal Background
l~I’ 1990 1991 Total I/V II:’ q~
e~e 0 11 11 9.5±1.1 0 0 0

3 6 9 9.3±0.9 0 0 0
2 5 7 3.9 ±0.4 0 1.6 0.5 1.6 ±0.8

Total 5 22 27 22.7± 1.4 0 1.6±0.5 1.6 ±0.8

TABLE 3

Distribution of the candidatesaccordingto the V classification,as describedin the text.

l~l’ V = cc V = ~ V = mo V = ~u,m7r V =? Total

e~e 2 5 0 3 1 11
5 I 1 2 — 9
3 3 I — — 7

Total 10 9 2 5 1 27

where Eem was the energy measuredin the electromagneticcalorimeterandp
the measuredmomentum.

Of the remaining9 events,7 hadhits in the muonchambersassociatedto one
of the chargedparttclesnot making the V, andwere classifiedas JS1LV events.
Of the other two events,onehad both leptonswith Eern/p below 0.1 andEhad/P

below 0.1 (Ehad is the energymeasuredin the hadroniccalorimeterassociated
to the particle)and sowasalso classifiedas ~i1iV event.The othereventhadone
leptonwith Ehad/Pbelow 0.1 andE~~/p= 5.9andtheotherlepton with Ehad/P

andEem/p below 0.1. It wasassumedto be a ,L/C’V eventwhere the radiated
photonwascollinearwith oneof the muons.

5.3. CLASSIFICATION OF THE V

If a particle making the V wasenergetic,it was classifiedusing the electro-
magneticcalorimeterandmuonchambersinformation. Lower energyparticles
wereidentified usingtheenergyperunit track-lengthdepositedin the gasof the
TPC (dE/dx).

In all candidateeventsexceptone,at leastoneof theparticlesof theV wassuc-
cessfullyidentified (with someambiguitybetweenmuonsandpionsfor low mo-
mentumparticles)andthe V wascompatiblewith being a particle—antiparticle
pair.

The information from the Microvertex Detectorwas used to confirm that
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Fig. 4. Distribution of the centreof massenergyfor the (a) e’)eV and /i+/1V, and (b) trV
candidateevents,

photonconversionswereproperlyeliminatedby thecutsdescribedin section4.3.
Of the 8 V’s with massbelow 0.4 6eV/c2 falling within the acceptanceof the
VD, 7 hadassociatedhits in it, whereasmost of the conversionsshouldtake
placeafterthis detector.

6. Results

The propertiesof the 27 candidatesare given in table 1. The i’esults of this

analysisare summarizedin tables2 and 3. Fig. 4 shows the distribution of the
centreof massenergyof the events,ECM. Figs. 5—7 show the comparisonsof
invariant massesandV energybetweenthe observeddataandthe expectations
for the signal. The invariant mass of the pair C~C (the leptonsnot making
the V), Inil, wascalculatedas the recoil massfrom the V, for all eventsexcept
the one with the V massof 17.5 6eV/c2. For this last case,a x2 4-constraint
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Fig. 5. Distribution of the V invariantmassfor the (a) c’) eV and ~i’~ ~i V, and (b) nV candidate
events,comparedto Monte-Carlosimulation for the signal (line) and background(shaded).

kinematicalfit of the four particlesmomenta(onebeingthe tau candidate,i.e.

the vector sum of threeparticles) wasperformedto improve the errors on the
calculatedmasses(thevaluesof the massesfor the V or 1+C havenot changed
significantly from the previousmethods).

Within the statisticsthereis a reasonableagreementbetweendataandMonte-

Carlo predictions.Therearehoweversmalldiscrepancieswith the expectedbe-
haviour.On fig. 4, thereis an indication of aspreadin centreof massenergyof
the 1+1_V candidates.There is also a small peakof 3 low V masseventsand
an eventwith an unusuallyhigh V mass(17.47 + 0.17 6eV/c2) in the r~tV
channel (fig. 5-b)). The threeeventswith a low V masshad a centreof mass
energyout of the Z°peak,andwerecharacterizedby a very energeticV.

The high V massevent is shown in fig. 8. In this eventthe V is composedof
two identified muonsrecoilingagainsta 25.8+ 0.8 6eV/c2invariantmassT~T

system.The massresolutionfor this eventwascalculatedfrom a ,~2 4-constraint
kinematicalfit of the four particlesmomenta.The numberof eventswith a V
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background(shaded).

massgreaterthan 10 6eV/c
2andC+1 masslower than40 6eV/c2 predicted

by the C~lV Monte Carlo is 0.013 + 0.013.

7. Checks on £ty events

Anothertestof universalityin thethreeleptonicchannelswasdonebystudying

the production of Cl;’ events.This is directly related to the searchfor heavy
excited chargedleptonsdecayinginto two normal leptonsplus a photon, an
analysisalreadypublishedby DELPHI [181. This analysisalso correspondsto
a total of 365000 hadronicevents.The eventselectionrequestedtwo charged
particleswith polar anglesbetween25°and 155°plus a photonwith energy
above 2 GeV and with an isolation anglewith respectto the nearestcharged
particle larger than 30°.Table 4 gives the numberof events selectedfor each
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channeltogetherwith the Monte Carlo expectationsfrom standardZ°decays;
for this analysisthe selectionon the centreof massenergythat wasused in ref.

11181 wasremoved.
Table 5 givesthe result of a modifiedstudy in which the minimum isolation

angle for the photonwasreducedIn 15°,thereforecoveringan angularregion
similar to that of the/tV analysis.

As canbe seenin the tables,the numberof eventsfound is in agreementwith
the standardMonte Carlo predictions.

8. Summary and conclusion

A searchfor C~CVeventswith the DELPHI detector was performed on a
samplecorrespondingto 365 000 hadronicZ°decays.The results indicate no
anomalousbehaviourin any of the threechannels.e+eV, /1+/rV andy+y~~
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Fig. 8. Display of the a-’~a-Veventwith highermassfor the V (17.5±0.2GeV/c2). The particles
composingthe V appearon the left-handside,giving hits in the outerlayersof the muonchambers,
classifyingthe particlesasmuons.On the right-handside, a clusterof threechargedparticle tracks
with invariant masslower than 1.7 GeV/c2, and a well-separatedtrack with associatedhadronic
energyare seen, identifying the event as a-+a-V. The energyin the centreof mass is 89.5 GeV.
the massof the V is 17.47±0.17 GeV/d’2, and the massof the a-~a-— system is 25.8±0.8 GeV/c2
(the massof the systemrecoiling from the V). Othercharacteristicscan be found in table 1 (1991

event 28271/3370).

The final sampleshowsa small excessin the low V massregionfor they+1V
channel,althoughof no strongstatisticalsignificance.An eventwasfound with
an unusuallyhigh V massof 17.47±0.17 6eV/c2 composedof two identified
muons,recoiling from a r systemwith invariant massof 25.8+ 0.8 6eV/c2.

An independentteston universality of the threelepton channelson l~C~
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TABLE 4

Number of II’;’ eventsfound for each channel,and numberof eventsexpectedfrom standard
processes(photon isolation angle greaterthan 30°).

Channel Observed Expected

eey 166 169 ± 13
123 126 ± 10

a-ny 75 72+6

TABLE 5

Numberof fly eventsfound when the minimum photon isolation angleO~is reducedto 15°,and
numberof eventsexpectedfrom standardprocesses.

15°<0.. < 30° 0.> 15°

Channel Observed Expected Observed Expected
eey 23 24+3 189 193+15

29 18±2 152 144+11
a-ny 10 Il + 1.5 85 83+7

events,showsa good agreementbetweendataandexpectations.

We would like to thank R. Kleiss for helpful discussionsand J.Hilgart for
providing an improvedversionof the codefor the1+1—V model.Wearegreatly
indebtedto our technical collaboratorsand to the funding agenciesfor their
supportin building andoperatingthe DELPHI detector,andto the membersof
the CERN-SLDivision for the excellentperformanceof the LEP collider.
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