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Analysisof ! * e e decaychannelis discussedind preliminaryresultsare pre-
sented.The mesonavereproducedn pd! *He reactionat 892.5MeV incidentproton
enegy with *He measuredh zero-dgreespectrometer

PACS: 14.40.Aq,13.20.-y 25.40.\¢

1 Intr oduction

Experimentainformationon decaysof mesonwith leptonpair(s)arescarce.Decaychannel

I * e"e hasrecentlyrecevedspecialattentionwith relationto testsof combinedparity
andchage conjugationsymmetry(CP) in avour conservingnteractions.An uncorventional
CPviolating mechanisntanshov up asasymmetnjin adistribution of anglebetweerthe *
ande® e decayplanesin thedecay[1]. In additionthedecay ! * €e"e ,togethemwith
closelyrelated ! * channelcanprobeinterplaybetweenvectormesondescription(in-
volving anintermediate exchange)andcontactterm arisingfrom QuantumChromodynamics
anomaly(seeeg. [2]). Currentvalue of the branchingratioof the ! * e"e decayis
(4:0"121:7:) 10 4, asgivenby Particle DataGroup[3], andit is basecbn obsenationof only ve
eventsin two experimentd4] and[5].

2 The experimental method

Thereactionpd! 2He closeto thresholdasa sourceof swas rst employed for etadecay
experimentsatthe SATURNE Il synchrotrorat Saclay[6]. The productionof wastaggedby
measuringHe in aspectrometeat0 . The productioncrosssectionraisesvery quickly from
thresholdto a plateauwvalueof 0.4 b at2 MeV excessenegy, while backgroundmainly from
reactionpd! 3He * , remainsbelon onepercentlevel [7]. This taggingmethodenablego
collectsimultaneouslyery cleandatasamplesof all decaychannels.The main dravbackis
low crosssectionof thereactionascomparedvith othersourcef etas.
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Fig. 1. Missingmassto ®*He measuredn thetaggingspectrometer

In an experimentperformedby WASA groupat CELSIUS storagering with internal deu-
terium pellettamget, acceleratodipole magnetsvereusedasa lter to de ect 3He recoils. Ki-
neticenegiesof the *He weremeasuredn ataggingtelescopeaninternalsemiconductohigh
purity Germaniundetector[8], placedin the beampipe. The enegy resolutionis betterthan1
MeV for 3Hekinetic enegieslessthan420MeV andtheacceptancat1 MeV abovepd! He
reactionthresholdis 50%. The taggingdetectorprovidesthe trigger signal and 3He ions are
cleanlyidenti ed using E E method.Consistencef *He kinetic enegieswith pd! 3He
reactioncanbe checledby calculationof missingmassto 3He (Fig. 1). Theresultingresolution
of the etapeakis 150keV/c? (full width at half-maximum).

Theproductsof decaysaremeasuredn WASA detector The maincomponent®f the de-
tectorareshavnin Fig. 2 andaredescribedn detailin [9]. Forthestudiesofthe ! * €'e
decaymostly CentralDetectoris usedand momenteaof chagedparticlesare measuredn Mini
Drift Chambe(MDC) in presencef anaxial magneticeld of 1 Teslasuppliedby a supercon-
ducting solenoid(SCS).Othercomponent®f the CentralDetectorare plasticscintillator E
detector(PSB)andelectromagneticalorimete(SEC).
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Fig. 2. Crosssectionof WASA apparatusvith CentralDetector Forward Detectorandzero-dgreespec-
trometer(The spectrometeis notin thescale.)



decayinto * e'e . 369

et €
=S O, 40¢
21032 N L
L C L
r 20f
10%F [
£ or
10 20/

‘ 4025

! I | i i i L

04702 0 02 04 06 08 1 04 02 0 02 04 06 08 ‘bl
Fig. 3. (Left) Reconstructed distribution for ! events. Thick solid line — experimentaldata,

thin lines— Monte Carlo simulationsof beam-respasinteractionsand beamtargetinteractions. (Right)
Correlationof reconstructed with vertex positionalongthe beam- Monte Carlodata.

Deuteriumpellet target was introducedto the WASA detectionsystemin spring2004 and
pd! 3He experimentswere carriedout during fall 2004 and spring 2005. The trigger rate
of the tagging systemduring operationwith the deuteriumpelletsand the proton beamwith
luminosity5 10°°cm 2s lwasafew Hz, yieldingonaveragel decayeventpersecond.

The quality of thetaggingin thepd! 3He reactioncanbe testedby decay ! . The
processs over-constrainec&ndhasvery simplekinematicssince is nearlyatrestin the center
of masssystem. The sumof enegies of the photonsis constant(equalto 604 MeV) andthe
momentaof the photonsarecoplanamwith the beam.Velocity ( ) of the canbereconstructed
from the photonscatteringanglesalone.The atthethresholds givenby a simpleformula:

= Sn(at 2) gy
sin 1+ sin »

where 1., arethe scatteringanglesof the photons. The anglesare determinedfrom photon
clustercoordinatesn the calorimeterandunderthe assumptiorthatinteractionoriginatesfrom
targetregion (z =0). The experimental distribution is shovn in Fig. 3 (left), for eventswith
photonenepiesconsistentwith decay ! . The at backgrounds dueto beam-respas
interactionsasillustratedin Fig. 3 (right) whererelationbetweervertex positionalongthebeam
axis andthe reconstructed is plottedfor the Monte Carlo (MC) data. Measuremenbf *He
at0 tendsto enhancehe contribution sinceit is not sensitve to the positionof the interaction
point. For etadecayswith chaigedparticlestherestgaseventscanberemovedby constrainsn
reconstructedertex position. The unbiasedriggerallows to determinethe total numberof eta
decayeventscollectedin theexperimentby counting ! eventsandapplyingcorrectionfor
theacceptancel he datasamplecorrespond$o about250000etaevents.

3 Analysisand results

Theeventcandidatedor the decayinto * e*e wereselectedoy requiringfour chaged
particlestracksin thecentraldrift chamberwith two particlescarryingpositive andtwo negative
chage. A smallfractionof eventswith additionaltracksin the Forward Detectorwasdiscarded
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to diminish fraction of accidentakoincidenceavents. Unassociatedlustersin the calorimeter
(SEC)werehowever allowed,sincethe presencef the neutralclustercanbe dueto split-offs.

In orderto distinguishbetweenpions and electrons,openingangle betweentwo particles
with oppositechageswascalculated With two positively andtwo negatively chagedparticles,
therearefour combinationgo betested Basedonthe MC simulationsthepair with thesmallest
openingangleis mostlik ely a positron-electrompair. Theef ciency of suchseparatiotis demon-
stratedin Fig. 4. In morethan85% caseghe separatiorwas correctfor a MC datasampleof

I * e"e .Inadditiona E-Pmethodof particleidenti cation wasappliedfor particles
escapinghe MDC usingthe enegy depositdn the PSBand/orthe SEC.

+

Fig. 4. Particleseparatiomasedn the openinganglefor MC datasampleof ! e" e . (Firstrow)

E-Pdistributionsfor all reconstructe@¢hagedtrackswith enegy depositionin the PSB(left) andin the
SEC(right). On the horizontalaxis particlemomentum(timessign of the chage) s plotted. (Two lower
rows) Thesameplotsaftertheseparation- *=  (middle)ande* =e (bottom).
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Fig.5. Invariantmassofe* e, M.+, ), calculatedfor decayinto * e"e (a), * % (b),and

data(c). Admixture of the backgroundeventsin the datamanifestsitself asa peakcorrespondingo  °©

mass.
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Fig. 6. InvariantmassM( + ¢+,  for pd ! SHe , !
spectrumis well describedby superpositiorof Monte Carlo datafor the signal ( !
background ! ¢ 9) (right).

In the previous sectionit wasshavn thatdueto very cleanmethodof taggingin pd! *He
the only backgroundfor the * €"e decaycanconsistof other eta decayswith chaged
particlesin the nal state. The main contribution to the backgroundwasidenti ed with MC
studieas ! 0 decaywhere © decaysntoe* e (Dalitz decay)or oneof thephotons
from 01 corvertin the beampipe®. In orderto suppresshe backgroundthe following
selectiorcriteriawereappliedto the datasample:

openinganglebetweere* e pairlessthan60

4Beampipeis madeof berylliumwith awall thicknessof 1.2mm (0.0034X o).
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total missingmasswithin therangefrom -0.14GeV/c to 0.04GeV/c.
For eventswith an unassociatedlusterin the calorimetey invariantmassof e*e  system
(M(e+e ) wascalculatedandit wasrequiredto be within rangefrom 0.11 GeV/c® t0 0.16
GeV/& Importanceof thisconstrainisillustratedin Fig. 5, where asexpectedrom ! * 0
decaythereis aclear °© peakin theinvariantmassdistribution for the experimentadata.

Fig. 6 shaws distribution of theinvariantmassM - ¢+ ) for the dataafterall selection
criteria. Thespectrunis well understoody a superpositiorof the MC simulationsof the signal
(! * €"e )andthebackgroundorm( ! * 9) decaysln thepreliminaryanalysis
22 7eventcandidatesor ! * e"e decaywereidenti ed. Thedetectionefciency is
estimatedo beabout20%.
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