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FORMATION OF LIGHT RESONANCES IN K0SK���AND ��+�� CHANNELS IN  COLLISIONS AT LEP�Igor VodopianovRepresenting the L3 CollaborationPetersburg Nulear Physis InstituteOrlova Rosha, 188350 Gathina, Russia(Reeived June 21, 2000)TheK0SK��� and ��+�� �nal states in two-photon ollisions are stud-ied with the L3 detetor at LEP using data olleted at entre of massenergies from 183 to 202 GeV. The mass spetrum of the K0SK��� �nalstate shows an enhanement around 1470 MeV, whih is identi�ed with thepseudosalar � (1440). This state is observed in the  ollisions for the�rst time and the value of its two-photon width is obtained. In the ��+��hannel only the f1(1285) is observed, upper limits for the formation of� (1440) and � (1295) are given.PACS numbers: 14.40.Aq, 14.40.Cs1. IntrodutionResonane formation in two-photon interations o�ers a lean environ-ment to study the spetrum of hadroni �nal states. In this paper we studythe reation  ! K0SK��� and  ! � �+�� using data olleted by theL3 detetor at LEP at ps = 183�202 GeV for a total integrated luminosityof 449 pb�1.The mass region between 1200 MeV and 1600 MeV is expeted to ontainseveral resonanes [1℄. Two are pseudosalars (JPC = 0�+)� (1440) and� (1295), and three are axial vetor mesons (JPC = 1++) f1(1285), f1(1420)and f1(1510). At present most of measurements were performed in hadronollisions and by studying the radiative deay of the J= . In two-photonollisions only the f1(1285) [2,3℄ and f1(1420) [3,4℄ were observed in taggedevents. For the � (1440) and � (1295) upper limits for their two-photon widthwere given [4,5℄. The � (1440) was therefore onsidered a glueball andidate.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2453)



2454 I. Vodopianov2. The K0SK��� hannelEvents are seleted by requiring four traks in the L3 entral trakerassoiated to two verties: K���, assoiated to the primary vertex, anda K0S deaying into �+�� at a seondary vertex. Candidates for K0SK0Sevents and events with photons are exluded. The dE=dx measurement isused for partile identi�ation. This seletion results in the K0S K��� massspetrum shown in Fig. 1. The �t of a Gaussian signal over a polynomialbakground gives the parameters: M = 1473�8 MeV and � = 46 � 7 MeV,onsistent with � (1440) and f1(1420) [1℄.
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1 1.5 2 2.5 3Fig. 1. The K0SK��� mass spetrum for P 2T < 0:2GeV2. The total number ofevents is 290. A Gaussian �t of the peak gives: (66�11) events, M = 1473�8 MeVand � = 46� 7 MeV. TABLE IPeak parameters for the P 2T bins given in Fig. 2sub�gure P 2T; GeV2 NEVENT M , MeV �, MeVa 0 � 0.02 37� 9 1481� 12 48� 9b 0.02 � 0.2 28� 7 1473� 11 37� 8 0.2 � 1 29� 9 1435� 10 32� 10d 1 � 7 21� 6 1452� 11 35� 10d 1 � 7 10� 4 1290� 12 29� 10



Formation of Light Resonanes in : : : 2455Spin-zero prodution is suppressed when a photon has a high virtuality,high four-momentum transfer squared Q2, ontrary to spin-one prodution,suppressed at low Q2. Therefore we analyse the Q2 dependene of the peakyield. The maximum Q2 of the two virtual photons is lose to the totaltransverse momentum of the event, P 2T = (P�!pT)2. Fig. 2 presents theK0SK��� spetra for di�erent P 2T ranges. The peak parameters obtainedby the �t are given in the Table I.
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1 1.5 2Fig. 2. K0SK��� spetra for four P 2T ranges: (a) 0�0.02 GeV2, (b) 0.02�0.2 GeV2,() 0.2�1 GeV 2 and d) 1�7 GeV 2. In the last P 2T bin the f1(1420) peak is alsoseen.The di�erential ross setion d�=dP 2T (Fig. 3) is analysed using simu-lation for the pseudosalar and the axial vetor meson prodution. TheMonte Carlo program GaGaRes [6℄ is used to reprodue all Q2 dependenesof resonane prodution. When omparing d�=dP 2T with Monte Carlo aompatibility test gives a on�dene level CL< 10�4 for pure JP = 0�(� (1440)) or pure JP = 1+ (f1(1420)) hypotheses. Fitting a ombinationof JP = 0� and JP = 1+ waves to the data (with a free normalisation) onegets CL= 30%. Thus both waves are required to reprodue the data. Thenumbers of events for the spin-zero and spin-one omponents, estimated bythe �t, are 68�10 and 49�9 respetively.
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1Fig. 3. Di�erential ross setions d�=dP 2T as funtion of P 2T for the peak observedin the K0SK��� hannel. The data are indiated by points with error bars. Thesolid line is the sum of spin-zero and spin-one simulations �tted to data. Thepseudosalar (dashed line) and the axial vetor (dashed-dotted line) ontributionsare also shown.The two�photon width of the � (1440) is evaluated for P 2T < 0:02 GeV2(Fig. 2(a)). The Monte Carlo gives an e�ieny " = 0:74%. The ontribu-tion of the spin-one omponent to this P 2T bin is 2%. We obtain:� (� (1440))BR(� (1440)! K �K�) = (234 � 55stat � 17syst) eV :This value is in agreement with the upper limit of 1.2 keV reported by theCELLO Collaboration [4℄. (The branhing ratio BR for deay � (1440) !K �K� is not known.) 3. The ��+�� hannelThis hannel is seleted by taking into aount only the events with twoharged partiles and two photons. A kinematial onstraint �t for the �mass is used.Fig. 4 shows the ��+�� invariant mass spetra for di�erent P 2T ranges.The spetra are dominated by the �0(958) resonane. For high P 2T (Fig. 4())
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1 1.2 1.4 1.6Fig. 4. ��+�� mass spetrum for di�erent P 2T ranges: (a) total spetrum,(b) P 2T < 0:02 GeV2 and () P 2T > 0:02 GeV2.we observe a signi�ant signal whih we identify with the f1(1285). A Gaus-sian �t gives M = 1280 � 4 MeV and � = 20� 3 MeV. There is no peak inthe region 1200�1500 MeV in the low P 2T events (Fig. 4(b)). The e�ienyis " = 2:0% for these masses. The absene of a signal leads to upper limits:�(� (1440))BR(� (1440) ! ���) < 88 eVwithCL = 90% and�(� (1295))BR(� (1295) ! ���) < 61 eVwithCL = 90%These values are lower than the upper limit of 300 eV reported by the CrystalBall Collaboration [5℄. 4. ConlusionsThe pseudosalar meson � (1440) is observed for the �rst time in un-tagged  ollisions in the K0SK��� deay hannel. The presene of bothspin zero � (1440) and spin one f1(1420) omponents is required by thed�=dP 2T distribution. For � (1440) the two-photon width times BranhingRatio is determined.



2458 I. VodopianovNeither � (1440) nor � (1295) are observed in the deay hannel � �+��.The upper limits for their two�photon widths are determined.The f1(1285) is observed in both K0SK��� and ��+�� hannels. Forthe K0SK��� hannel it is the �rst observation in  ollisions.I would like to express my gratitude to the two-photon physis group of theL3 Collaboration in partiular to M.N. Foai-Kienzle and V.A. Shegelsky.REFERENCES[1℄ Partile Data Group, C. Caso et al., Eur. J. Phys. C3, 1 (1998).[2℄ Mark II ollaboration, G. Gidal et al., Phys. Rev. Lett. 59, 2012 (1987); Phys.Rev. Lett. 59, 2016 (1987).[3℄ TPC-2 ollaboration, H. Aihara et al., Phys. Rev. D38, 1 (1988); Phys. Lett.B 209, 107 (1988).[4℄ CELLO ollaboration, H.J. Behrend et al., Z. Phys. C42, 367 (1989).[5℄ Crystal Ball ollaboration, D. Antreasyan et al., Phys. Rev. D36, 2633 (1987).[6℄ R. van Gulik, Nul. Phys. B82 (Pro. Suppl.), 311 (2000); G.A. Shuler,F.A. Berends, R. van Gulik, Nul. Phys. B523, 423 (1998).


