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Abstract

We have measuredthebranchingratio BR(. /�01/�032 ) with theKLOE detectorusinga
sampleof 4 5'6879. decays.. mesonsareproducedat DA : NE, theFrascati. -factory.
Wefind BR(. / 0 / 0 2 )= ;15=<>6�? 6@<>6�ACBED>FGD 6H<>6H4=BEIJBEDLK 5M68N�O . Wefit thetwo–pionmass
spectrumto modelsto disentanglecontributionsfrom varioussources.
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Z Dipartimentodi Fisicadell’Università eSezioneINFN, Bari, ItalyQ Laboratori Nazionalidi Frascatidell’INFN, Frascati,Italy^ Institut für ExperimentelleKernphysik,Universität Karlsruhe, GermanyW Dipartimentodi Fisicadell’Università eSezioneINFN, Lecce, ItalyP Dipartimentodi ScienzeFisichedell’Università “F edericoSecondo”eSezioneINFN,
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Thedecay. / 0 / 0 2 wasfirst observedin 1998[1]. Only two experimentshave

measuredits rate [2,3]. The measuredrate is too large if . ` 0 ;�?�aH6HK�2 , with ` 0/ 0 / 0 , werethedominatingcontributionand ` 0 (980)is interpretedasa b b scalarstate[4].

Possibleexplanationsfor the ` 0 are:ordinary b b meson,b b�b b state,c c molecule[5–7].

Similarconsiderationsapplyalsoto the d 0 (980)meson.Thedecay. / 0 / 0 2 canclarify

this situationsinceboththebranchingratio andtheline shapedependon thestructureof

the ` 0 . We presentin the following a study of the decay . / 0 / 0 2 performedwith

the KLOE detector[8] at DA : NE [9], an egfhegN collider which operatesat a centerof

massenergy i = jlk 5M6Hm�6 MeV. Datawerecollectedin theyear2000for anintegrated

luminosity n�oqp1D 5Mr pbN%s , correspondingto around4 5M687t. -mesondecays.

The KLOE detectorconsistsof a large cylindrical drift chamber, DC, surrounded

by a lead-scintillatingfiber electromagneticcalorimeter, EMC. A superconductingcoil

aroundthe EMC providesa 0.52T field. The drift chamber[10], 4 m in diameterand

3.3m long, has12,582all-stereotungstensensewiresand37,746aluminumfield wires.

The chambershell is madeof carbonfiber-epoxycompositeandthe gasusedis a 90%

helium, 10% isobutanemixture. Thesefeaturesmaximizetransparency to photonsand

reduce cvu cxw regenerationand multiple scattering. The position resolutionsarey@z|{ 150 } m and y@~ 2 mm. Themomentumresolutionis y ;�����K3�M��� 6@<��H� . Vertices

arereconstructedwith a spatialresolutionof 3 mm. The calorimeter[11] is divided

into a barreland two endcaps,for a total of 88 modules,andcovers98% of the solid

angle.Themodulesarereadoutatbothendsby photomultipliers;thereadoutgranularity

is 4.4 4.4cm� , for a totalof 2440cells.Thearrival timesof particlesandthepositions

in threedimensionsof theenergy depositsareobtainedfrom thesignalscollectedat the

two ends. Cells close in time and spaceare groupedinto a calorimetercluster. The

clusterenergy � is the sumof thecell energies. The clustertime � andposition �� are

energy weightedaverages.Energy andtime resolutionsare y@� �H����4@<>����� ��;��v�L��K
and y@� ��4H�����|� ��;��v�L��K 4H6���� , respectively. TheKLOE trigger[12] usescalorimeter

andchamberinformation.For thisanalysisonly thecalorimetersignalsarerelevant.Two

energy depositswith ����4�6 MeV for thebarreland ��� 5'4H6 MeV for theendcapsare

required.

Promptphotonsare identified as neutralparticleswith ¡¢� 5 originatedat the

interactionpoint requiring � � ��£ ¤¦¥¨§>©ª;�4 y@«�¬ m©®�3K , where� is thephotonflight time

and
�

thepathlength; y@« includesalsothe contribution of the bunchlengthjitter. The

photondetectionefficiency is ?�6H� for �°¯ =20MeV, andreaches100%above70 MeV.

Thesampleselectedby thetiming requirementcontainesa ¤�5=<�aH� contaminationdueto

accidentalclustersfrom machinebackground.
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Table1: Backgroundchannelsfor . / 0 / 0 2 .

Channel S/B RejectionFactor Expectedevents± / 0.80 8.7 AHAH? m��² /h2 3.52 4.0 5MrHr 5'r² 2 0.027 4@<�? 5M6C³ 5M4H? 5'm

1 Event selection

Two amplitudescontribute to . / 0 / 0 2 : . ´h2 , ´ / 0 / 0 ( ´h2 ) and . µ 0 / 0 ,
µ 0 / 0 2 (µ@/ ) where ´ is a scalarmeson.Theeventselectioncriteriaof the . / 0 / 0 2
decays(/h/h2 ) havebeendesignedto givesimilarefficienciesfor bothprocesses.Thefirst

step,requiringfive promptphotonswith �¶¯ 7 MeV and · ·¹¸hoqpº� mHA8» , reducesthe

sampleto 124,575events.Thebackgrounddueto . cxw¼cxu is removedrequiringthat

�½D¿¾GDÀ� Á9�°¯ [ U and ��@D>¾GDÀ� Á ��8¯ [ U satisfy �½D>¾GDÂ� 800MeV and ��@D¿¾GD ¤ 200MeV/c. We

areleft with 15,825events.Otherreactionswhich give riseto backgroundare: e f e N± / 0 / 0 / 0 2 (± / ), . ² / 0 2 4=2 (² /h2 ) and . ² 2 A=/ 0 2 (² 2 ) with 2 undetected

photons.Theratio betweensignalandbackgroundratesis evaluatedfor theseprocesses

usingthecrosssectionsmeasuredin thesamedatasample[13,14]andlistedin Tab. 1.

A kinematicfit (Fit1) requiring overall energy and momentumconservation im-

provesthe energy resolutionto AH� . Photonsareassignedto / 0 ’s by minimizing a testÃ � -function ( Ã �B¿Ä�Å ) for both the /h/h2 and ± / cases.For the ± / casewe alsorequire jlÆM¯
to beconsistentwith jÈÇ . Thecorrectcombinationis foundby this procedure89%,96%

of thetime for the /h/h2 , ± / caserespectively. Goodagreementis foundwith theMonte

Carlosimulation,MC, for thedistributionsof the Ã � andof theinvariantmasses.A sec-

ondfit (Fit2) requiresthemassesof 2¼2 pairsto equal jlÆ . ± / is the largestbackground

to /h/h2 andthecorrespondinglevel of contaminationmustbedetermined.Similarly, /�/h2
decayis the mostrelevant backgroundto ± / . The relative fraction of thesedecaysare

evaluatedby an iterative procedure.The /h/�2 simulationassumesonly the ´h2 process

with a / 0 / 0 mass(É ) spectrumconsistentwith thedata.In this paperwe usethesymbol

jlÆMÆ to denotethereconstructedvalueof É .

The searchof egfhegN ± / 0 / 0 / 0 2 retainseventssatisfying Ã �Ê��©®Ë�Ì A andÍ jlÆM¯Î� jlÆM¯ jlÇ A y Ç usingFit2 in the ± / hypothesis.DataandMC are in

goodagreement(Fig. 1.a-b). The Ï=ÐH��Ñ distribution, where Ñ is the anglebetween2
and/ 0 in the / 0 / 0 frame,is shown in Fig. 1.c.Somedisagreementis seenat largevalues

of Ï=ÐH��Ñ . Subtractingthe MC backgroundand integratingfor Ï=ÐH�HÑ ¤ 0.8 we count
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Figure1: Data–MCcomparisonfor ± / events:(a) Ã � /ndf; (b)
Í jlÆ=¯@� y Ç with Ã �g��©�Ë�ÌA ; (c) Ï=ÐH��Ñ distributionwith Ã �g��©�Ë�Ì A and

Í jlÆM¯ � y Ç 4 .
2821 59 events. Accountingfor efficiency ( áâÇgÆã��AHa@<�mH� ) andnormalizingto n�oqpJD we

get y ; ± /�Kl� ;�6@<>��r 6@<�6¼51BED>FGD 6@<�6HACB¿I1B¿DäKÀ©8å . The systematicerror accountsfor the

discrepancy with theMC for ÏMÐH�HÑ �æ6@<�a andfor theerroron thedeterminationof nÂoqpJD
(2%).

After removing the ± / candidates,. / 0 / 0 2 eventsmustsatisfy Ã �Ê��©�Ë®Ì A for

Fit2 in the /h/h2 hypothesis.We alsorequire
Í jl¯|¯ç� jl¯|¯ jlÆ 4 y Æ using the

photonmomentaof Fit1. Backgroundrejectionfactorsaregiven in Tab. 1. The signal

efficiency is áâÆ=ÆM¯ �H6H� andis shown in Fig. 2 asa function of jÈÆ=Æ . The µ@/ process

shows similar behaviour. Fig. 3 shows variousdistributionsfor the3102eventstogether

with MC predictions.The angulardistributionsprove that ´�2 is the dominantprocess.

Subtractingthe backgroundof Tab. 1, 2438 61 . / 0 / 0 2 eventsremain. Their jÈÆ=Æ
spectrumis shown in Fig. 4.

The systematicuncertaintyon the numberof /�/h2 eventsoriginatesfrom several

effects,listedin thefollowing. Theerrorontheselectionefficiency of fivepromptphotons
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Figure2: Efficiency vs / 0 / 0 invariantmassfor . / 0 / 0 2 events. Individual contribu-
tionsarealsoshown.
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Figure3: Data–MCcomparisonfor . / 0 / 0 2 eventsafter ± / rejection: (a) Ã � /ndf;
(b) ;�jl¯|¯ jÈÆúK3� y Æ with Ã �g��©®Ë�Ì A ; (c, d) angulardistributionswith all analysiscuts
applied. · is thepolarangleof theradiativephoton,Ñ is theanglebetweentheradiative
photonand/ 0 in the / 0 / 0 restframe.

is relatedto thesimulationaccuracy in describingtheclustering.Froma controlsample

of . ² 2 / 0 / 0 / 0 2 events,by comparingthe crosssectionobtainedusing 7 or

rüûý� reconstructedclustersin thefinal stateandextrapolatingto fiveclusters,we obtain
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a relative systematicerrorof 1%. Residualeffectsdueto analysiscutswerecheckedby

varyingthe ·¹¸�oqp and
Í jl¯|¯ cutsby 5C» and 5 y Æ respectively; from theresultsweobtain

a2.0%systematicuncertainty.

2 A model for the spectrum of jlÆMÆ
In order to fit any model to the data,all effectsdistorting the observed massspectrum

´�¾Gþ¹B=;�jÈÆ=Æ8K mustbefoldedinto theshapepredictedby themodel.In ourcasethis involves

the massresolutionand the effect of incorrectphotonassignments.Our experimental

responsefunctionis determinedfor afinite numberof massvalues.

The model spectrum̀�;�ÉÿK is taken as the sumof ´h2 , µ@/ and interferenceterm,

`�; ÉÿK��æ`=w ¯%; ÉÿK�ûý` � Æ�;�ÉÿK�ûý`'oqp1DM; ÉÿK . Thescalartermis [4]:

`=w ¯%; ÉÿK°� mÂÉ �
/

� k'w�¯ � w Æ���Æ��� w �
5� k < (1)

The . ´h2 processis estimatedby meansof a c f c N loop for the ` 0 :
� k X � ¯%; ÉÿK½�

� �X �	��
��� � �k ��
���5'm=/
� ;�ÉÿK �
j �k

j �k É �
m@jÈk ¬ (2)

where� k � 
 �  and� X ��� 
 �  arethecouplingsand� ;�ÉÿK is theloop integral function.

A recentmeasurement[15] reportstheexistenceof ascalary with j��	��;��H��a f��GON��G³5M��K MeV and
� �	��;�AHmH� f�OG�N�O 0 m¼5MK MeV. If weincludethecontributionof thismeson,with

a � k��M¯ coupling[16], weget:

� k��'¯¼;�ÉÿK½� e � � �k��'¯
5'm=/

5
j �k

j �k É �
m@jlk

³ < (3)

� w Æ���Æ�� is givenby:

� w�Æ � Æ � ; ÉÿK½� 5
m
� w�Æ 
 Æ  ;�ÉÿK½�

� �w Æ 
 Æ AHm�/ É 5 �@j �ÆÉ � < (4)

For the inversepropagator,
� w , we usethe formulawith finite width corrections[4] for

the ` 0 anda Breit Wigner for the y . Theparametrizationof Ref. [17] hasbeenusedfor

the µ@/ andtheinterferenceterm.

3 Results

Two differentfits have beenperformedon ´�¾Gþ¹BÊ;�jlÆ=Æ8K varying `Mw�¯�;�ÉÿK : in Fit (A) only

the ` 0 contribution is consideredwhile in Fit (B) a mixing of ` 0 and y mesonsis used.
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Figure4: Observedspectrumof / 0 / 0 invariantmassbefore(a) andafter(b) background
subtraction.

The massandwidth of the y werefixed to their centralvalues. If the normalizationof

the µ@/ term is left free during fitting, its contribution andthe relatedinterferenceterms

turn out to be negligibly small. WhenBR ;�. µ 0 / 0 / 0 / 0 2ªK is fixed at 5=<�a 5M68N Á
asin Ref. [17], the Ã � /ndf increasesby morethana factorof 2. Thefits without the µ@/
contributionareshown superimposedover theraw spectrumin Fig. 4.b.

SinceFit (B) agreeswell with thedata,it hasbeenusedto unfold ´�¾Gþ¹BC;�jlÆ=ÆúK . For

eachreconstructedmassbin, theratio betweenthetheoreticalandthesmearedfunction,

´���;�jlÆMÆ8K , is calculated.Thenormalizeddifferentialdecayrate,Ë BR��Ë%É ��;35=� � K1Ë � ��Ë¼É ,

is thengivenby: Ë BR
Ë%É � ´�¾Gþ¹BC;�jlÆMÆúK

´���;�jÈÆ=Æ8K
5

n�oqpJD y ;�.�K Í jlÆ=Æ (5)

For thenormalization,the . productioncrosssection,y ;�.�K , wasobtainedfrom the .² 2 2�2¼2 decayin thesamesample[14]. Thevalueof Ë BR��Ë¼É asa functionof É is

givenin Tab. 2 andshown in Fig. 5; therelativeerrorsaregivenin Tab. 3.

Integratingover thewholemassrangeweobtain:

BR ;�. / 0 / 0 2ªK½� ;15=<>6�? 6H<>6HA=BED>FGD 6@<�6HACB¿I1B¿D 6@<�6H�Cp¹¾��¿¸¶K 5'6 N�O < (6)
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Table2: Dif ferentialBR for . / 0 / 0 2 . É is expressedin MeV while Ë������Ë¼É is in
unitsof 5M6��! l�L� N%s . Theerrorslistedarethetotal uncertainties.

É W#"%$WJY É W�"%$WLY290 m@<�6 m@<>? 670 5H5M<>m 5=<�?
310 m@<�m 5=<>� 690 5H5M<>6 5=<�?
330 A@<�6 5=<>4 710 5MmH<>4 5=<�?
350 6@<�? 5=<>A 730 5M�H<>6 m@<�6
370 m@<�? 5=<>� 750 5M�H<>A m@<�A
390 m@<�m 5=<>A 770 5M�H<>6 m@<��
410 5=<�� 5=< 5 790 5M?H<>� m@<�4
430 5=<�a 5=<>6 810 mH�H<>� A@<�5
450 5=<�? 6@<>a 830 mH?H<>m A@<�m
470 5=<�5 6@<>4 850 AH6H<>r A@<�m
490 6@<�4 6@<>m 870 �¼5M<>� A@<�a
510 6@<�m 6@< 5 890 AH?H<>r A@<�r
530 6@<�A 6@<>m 910 �H�H<>r A@<�a
550 5=<�A 6@<>4 930 4HAH<>r �@<��
570 A@<�A 5=<>4 950 �H�H<>m �@<�A
590 m@<�5 A@<>r 970 rH�H<>� 4@<�A
610 A@<�� �@<>� 990 mHmH<>6 m@<�4
630 �@<�m A@<>� 1010 6H<>m 6@<�5
650 �@<�6 5=<>�

Table3: Uncertaintieson BR(. / 0 / 0 2 ).

Source Relativeerror

Statistics 2.5%

Background 1.3%

Eventcounting 2.3%

Normalization 3.7%

Total 5.2%

Integratingin the ` 0 dominatedregion,above700MeV:

BR ;�. / 0 / 0 2�&ÂÉ ���H6H6� l�J��K½�
;�6@<�?Hr 6@<�6HmCBED>FGD 6H<>6Hm=BEIJBED 6H<>6H�=p¹¾��E¸°K 5M6 N�O <

Theresultof thefits arelisted in Tab. 4. Fit (A) givesa larger Ã � thanFit (B) and
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Figure 5: Ë BR��Ë%É as a function of É . Fit (B) is shown as a solid line; individual
contributionsarealsoshown.

yields lower valuesfor the ` 0 mass( j X � ) andthe couplingconstants.In this casethe

BR ;�. ` 0 2 / 0 / 0 2ªK is ;35=<�5H5 6@<�6HrCB¿D¿FGD f BEIJBEDJK 5M68N�O .
The bestagreementwith datais givenby Fit (B), wherethe negative interference

betweenthe ` 0 and y amplitudesresultsin theobserveddecreaseof the / 0 / 0 2 yield below

700MeV. In Fig.5 thecontributionsfromeachindividualtermarealsoshown. Integrating

overthe ` 0 and y curvesweobtainBR ;�. ` 0 2 / 0 / 0 2ªK���;15=<>��? 6@<�6H�CB¿D¿FGD f BEIJBEDLK 5M68N�O
andBR ;�. y 2 / 0 / 0 2ªK���;�6@<�mHa 6@<�6H�CBED>FGD f BEIJBEDJK 5M68N�O .

Thevaluesof thecouplingconstantsfrom Fit (B) arein agreementwith thosere-

portedby theSNDandCMD-2 experiments[2,3]. Thecouplingconstantsdiffer from the

WA102resulton ` 0 productionin central��� collisions(� �X �0� 
 �  � � �X � Æ 
 Æ  � �
� �%5M<>AHA � Æv�5=<�rHA 6@<>��r ) [18] andfrom thoseobtainedwhenthe ` 0 is producedin

� f1 /½fú/°Nú/°f
decays[19], where� � is consistentwith zero.

In aseparatepaper[13], wepresentameasurementof BR ;�. d 0 2 ), togetherwith

adiscussionof theimplicationsof ` 0 and d 0 results.
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Table4: Fit resultsusing ` 0 only (A) and ` 0 –y mixing (B).

Fit (A) Fit (B)Ã � ��©�Ë�Ì 5M6H?@<�4HA@��A�� �HAH< 5M4H��AHA
j X � (MeV) ?�rHm � ?H��A 5
� �X �0��
��� �%;��M/�K (GeV� ) 5=<>m�? 6@< 5'� m@<��H? 6@<�5Mm
� �X �0��
��� � � �X � Æ 
 Æ  A@<>m�m 6@<>m�? �@<�6H6 6@<�5M�
� k��'¯ — 6@<�6HrH6 6@<�6H6Ha
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