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ANALYSIS OF � DECAY INT O � + � � e+ e� IN THE pd ! 3He � REACTION 1
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Analysisof � ! � + � � e+ e� decaychannelis discussedandpreliminaryresultsarepre-
sented.The � mesonswereproducedin pd ! 3He� reactionat 892.5MeV incidentproton
energy with 3He measuredin zero-degreespectrometer.

PACS: 14.40.Aq,13.20.-v, 25.40.Ve

1 Intr oduction

Experimentalinformationon decaysof � mesonwith leptonpair(s)arescarce.Decaychannel
� ! � + � � e+ e� hasrecentlyreceivedspecialattentionwith relationto testsof combinedparity
andchargeconjugationsymmetry(CP) in �a vour conservinginteractions.An unconventional
CPviolatingmechanismcanshow upasasymmetryin adistributionof anglebetweenthe� + � �

ande+ e� decayplanesin thedecay[1]. In additionthedecay� ! � + � � e+ e� , togetherwith
closelyrelated� ! � + � � 
 channel,canprobeinterplaybetweenvectormesondescription(in-
volving an intermediate� exchange)andcontacttermarisingfrom QuantumChromodynamics
anomaly(seeeg. [2]). Currentvalueof the branchingratio of the � ! � + � � e+ e� decayis
(4:0+11 :

� 2:7) � 10� 4, asgivenby ParticleDataGroup[3], andit is basedonobservationof only � ve
eventsin two experiments[4] and[5].

2 The experimentalmethod

The reactionpd ! 3He� closeto thresholdasa sourceof � s was�rst employed for etadecay
experimentsat theSATURNE II synchrotronat Saclay[6]. Theproductionof � wastaggedby
measuring3He in a spectrometerat 0� . The� productioncrosssectionraisesveryquickly from
thresholdto a plateauvalueof 0.4 � b at 2 MeV excessenergy, while background,mainly from
reactionpd ! 3He� + � � , remainsbelow onepercentlevel [7]. This taggingmethodenablesto
collectsimultaneouslyvery cleandatasamplesof all � decaychannels.The maindrawbackis
low crosssectionof thereactionascomparedwith othersourcesof etas.
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Fig. 1. Missingmassto 3He measuredin thetaggingspectrometer.

In an experimentperformedby WASA groupat CELSIUSstoragering with internaldeu-
teriumpellet target,acceleratordipolemagnetswereusedasa �lter to de�ect 3He recoils. Ki-
neticenergiesof the3He weremeasuredin a taggingtelescope,aninternalsemiconductorhigh
purity Germaniumdetector[8], placedin thebeampipe. Theenergy resolutionis betterthan1
MeV for 3Hekineticenergieslessthan420MeV andtheacceptanceat1 MeV abovepd ! 3He�
reactionthresholdis 50%. The taggingdetectorprovidesthe trigger signaland 3He ions are
cleanlyidenti�ed using� E � E method.Consistenceof 3He kinetic energieswith pd ! 3He�
reactioncanbecheckedby calculationof missingmassto 3He (Fig. 1). Theresultingresolution
of theetapeakis 150keV/c2 (full width at half-maximum).

Theproductsof � decaysaremeasuredin WASA detector. Themaincomponentsof thede-
tectorareshownin Fig.2andaredescribedin detailin [9]. For thestudiesof the� ! � + � � e+ e�

decaymostlyCentralDetectoris usedandmomentaof chargedparticlesaremeasuredin Mini
Drift Chamber(MDC) in presenceof anaxial magnetic�eld of 1 Teslasuppliedby a supercon-
ductingsolenoid(SCS).Othercomponentsof the CentralDetectorareplasticscintillator � E
detector(PSB)andelectromagneticcalorimeter(SEC).

Fig. 2. Crosssectionof WASA apparatuswith CentralDetector, ForwardDetectorandzero-degreespec-
trometer(Thespectrometeris not in thescale.)
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Fig. 3. (Left) Reconstructed� distribution for � ! 
 
 events. Thick solid line – experimentaldata,
thin lines – Monte Carlo simulationsof beam-restgasinteractionsandbeamtarget interactions.(Right)
Correlationof reconstructed� with vertex positionalongthebeam– MonteCarlodata.

Deuteriumpellet target wasintroducedto the WASA detectionsystemin spring2004and
pd ! 3He� experimentswere carriedout during fall 2004 and spring 2005. The trigger rate
of the taggingsystemduring operationwith the deuteriumpelletsand the proton beamwith
luminosity5� 1030cm� 2s� 1wasa few Hz, yieldingonaverage1� decayeventpersecond.

Thequality of the taggingin thepd ! 3He� reactioncanbe testedby decay� ! 
 
 . The
processis over-constrainedandhasverysimplekinematicssince� is nearlyat restin thecenter
of masssystem. The sumof energiesof the photonsis constant(equalto 604 MeV) andthe
momentaof thephotonsarecoplanarwith thebeam.Velocity (� ) of the� canbereconstructed
from thephotonscatteringanglesalone.The� at thethresholdis givenby a simpleformula:

� =
sin(� 1 + � 2)

sin � 1 + sin� 2
= 0:42;

where� 1;2 are the scatteringanglesof the photons. The anglesare determinedfrom photon
clustercoordinatesin thecalorimeterandundertheassumptionthat interactionoriginatesfrom
target region (z =0). The experimental� distribution is shown in Fig. 3 (left), for eventswith
photonenergiesconsistentwith decay� ! 
 
 . The �at backgroundis dueto beam-restgas
interactionsasillustratedin Fig. 3 (right) whererelationbetweenvertex positionalongthebeam
axis and the reconstructed� is plottedfor the Monte Carlo (MC) data. Measurementof 3He
at 0� tendsto enhancethecontribution sinceit is not sensitive to thepositionof the interaction
point. For etadecayswith chargedparticlestherestgaseventscanberemovedby constrainson
reconstructedvertex position. Theunbiasedtriggerallows to determinethetotal numberof eta
decayeventscollectedin theexperimentby counting� ! 
 
 eventsandapplyingcorrectionfor
theacceptance.Thedatasamplecorrespondsto about250000etaevents.

3 Analysisand results

Theeventcandidatesfor the � decayinto � + � � e+ e� wereselectedby requiringfour charged
particlestracksin thecentraldrift chamber, with two particlescarryingpositiveandtwo negative
charge.A small fractionof eventswith additionaltracksin theForwardDetectorwasdiscarded
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to diminish fractionof accidentalcoincidenceevents. Unassociatedclustersin thecalorimeter
(SEC)werehoweverallowed,sincethepresenceof theneutralclustercanbedueto split-offs.

In order to distinguishbetweenpionsand electrons,openinganglebetweentwo particles
with oppositechargeswascalculated.With two positively andtwo negatively chargedparticles,
therearefour combinationsto betested.BasedontheMC simulations,thepairwith thesmallest
openingangleis mostlikely apositron-electronpair. Theef�ciency of suchseparationis demon-
stratedin Fig. 4. In morethan85% casesthe separationwascorrectfor a MC datasampleof
� ! � + � � e+ e� . In additiona � E-Pmethodof particleidenti�cation wasappliedfor particles
escapingtheMDC usingtheenergy depositsin thePSBand/ortheSEC.

Fig. 4. Particleseparationbasedontheopeninganglefor MC datasampleof � ! � + � � e+ e� . (First row)
� E-Pdistributionsfor all reconstructedchargedtrackswith energy depositionin thePSB(left) andin the
SEC(right). On thehorizontalaxisparticlemomentum(timessign of thecharge) is plotted. (Two lower
rows) Thesameplotsaftertheseparation– � + =� � (middle)ande+ =e� (bottom).
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Fig. 5. Invariantmassof e+ e� 
 , M( e+ e� 
 ) , calculatedfor � decayinto � + � � e+ e� (a), � + � � � 0 (b), and
data(c). Admixture of the backgroundeventsin the datamanifestsitself asa peakcorrespondingto � 0

mass.
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Fig. 6. Invariant massM( � + � � e+ e� ) for pd ! 3He� , � ! � + � � e+ e� after all constrains(left). The
spectrumis well describedby superpositionof Monte Carlo datafor the signal (� ! � + � � e+ e� ) and
background(� ! � + � � � 0) (right).

In theprevioussectionit wasshown thatdueto very cleanmethodof taggingin pd ! 3He�
the only backgroundfor the � + � � e+ e� decaycan consistof other eta decayswith charged
particlesin the �nal state. The main contribution to the backgroundwas identi�ed with MC
studiesas� ! � + � � � 0 decaywhere� 0 decaysinto e+ e� 
 (Dalitz decay)or oneof thephotons
from � 0 ! 
 
 convert in thebeampipe4. In orderto suppressthe background,the following
selectioncriteriawereappliedto thedatasample:

� openinganglebetweene+ e� pair lessthan60�

4Beampipeis madeof berylliumwith awall thicknessof 1.2mm(0.0034X 0).
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� totalmissingmasswithin therangefrom -0.14GeV/c2 to 0.04GeV/c2.
For eventswith an unassociatedcluster in the calorimeter, invariant massof e+ e� 
 system
(M(e+ e� 
 ) ) was calculatedand it was requiredto be within rangefrom 0.11 GeV/c2 to 0.16
GeV/c2. Importanceof thisconstrainis illustratedin Fig.5,where,asexpectedfrom� ! � + � � � 0

decay, thereis a clear� 0 peakin theinvariantmassdistribution for theexperimentaldata.
Fig. 6 shows distribution of the invariantmassM ( � + � � e+ e� ) for thedataafterall selection

criteria.Thespectrumis well understoodby a superpositionof theMC simulationsof thesignal
(� ! � + � � e+ e� ) andthebackgroundform (� ! � + � � � 0) decays.In thepreliminaryanalysis
22� 7 eventcandidatesfor � ! � + � � e+ e� decaywereidenti�ed. The detectionef�ciency is
estimatedto beabout20%.
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