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NEW RESULTS FROM NA48 ON RARE NEUTRALKAON DECAYS�Cristina LazzeroniUniversity of Cambridge The Old ShoolsTrinity Lane, Cambridge CB2 1TT, Englandfor NA48 CollaborationCagliari, Cambridge, Cern, Dubna, Edinburgh, Ferrara, Florene, Mainz, OrsayPerugia, Pisa, Salay, Siegen, Torino, Vienna, Warsaw(Reeived June 2, 2000)NA48 has searhed for rare neutral kaon deays in data olleted in 1998and 1999. Preliminary results for the deays KL ! �0 and KS;KL !�+��e+e� are presented.PACS numbers: 13.20.Eb, 13.40.Hq, 14.40.AqThe NA48 experiment is designed to measure diret CP-violation e�etsin neutral kaon deays to two pions. The experimental layout, desribedin detail elsewhere [1℄, inludes a spetrometer (drift hambers and dipolemagnet); an eletromagneti alorimeter; arrangements of sintillators forvetoing photons outside the alorimeter aeptane.The deay KL ! �0 is studied with the aim of understanding low-energy hadron dynamis in the ontext of hiral perturbation theory [2℄. Therate for this deay an be expressed in terms of two independent Lorentzinvariant amplitudes, representing two-photon states with J = 0 and J = 2.Vetor�meson exhange ontributions to the amplitudes are parametrizedin terms of an e�etive oupling onstant, aV . A non-zero value for aVgives a sizeable low-mass tail in the distribution of the invariant mass ofthe deay photons. Data on KL ! �0 an also be used to onstrain theCP-onserving amplitude of the deay KL ! �0e+e�.� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2661)



2662 C. LazzeroniIn NA48, the deays KL ! �0 and KL ! �0�0, the latter a normal-ization hannel, are aepted by the same neutral trigger [1℄. The two deaysare seleted in the o�ine analysis by taking events with four lusters in theeletromagneti alorimeter and no hits in the drift hambers. The mainbakground omes from KL ! �0�0�0 deays where photons are outsidethe experiment's aeptane or give overlapping lusters in the alorimeter.In these ases, beause of missing photon energy, the reonstruted kaon-deay vertex usually lies downstream of the true deay position. Most ofthe bakground events are rejeted by requiring that the deay our in the�rst � 20 m after the end of the beam ollimator. Remaining bakgroundevents are eliminated by utting on the di�erene between the reonstrutedpositions of the kaon and pion deays, taking into aount all senarios ofshower overlap, and by requiring that eah luster have a width onsistentwith a single eletromagneti shower. A �2 variable, based on the invari-ant masses of the two-photon ombinations, is used to distinguish betweenKL ! �0 and KL ! �0�0.Using a fration of the 1998 data and all of the 1999 data, a signal of1397 KL ! �0 deays has been identi�ed above a bakground of about30 events (see Fig. 1). Aeptane has been determined from a simulationin whih events were generated with aV = �0:45. A preliminary measure-ment of the branhing fration gives B(KL ! �0) = (1:51 � 0:05(stat)�0:20(sys)) � 10�6. A lear signal is also visible for non-�0 photons of lowinvariant mass (m < 240 MeV/2, see Fig. 1 and Fig. 2).
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Fig. 1. Distributions of (left) m�0 and (right) m for the KL ! �0 sampleThe deay KL ! �+��e+e� is expeted to involve an intermediatestate with a virtual photon: KL ! �+��� ! �+��e+e�. The amplitudehas two omponents: one from CP-onserving diret emission; the otherfrom the CP-violating deay KL ! �+��, with inner bremsstrahlung. The



New Results from NA48 on Rare Neutral Kaon Deays 2663interferene of the two amplitudes auses the virtual photon to have a ir-ular polarization, leading to an asymmetry in the angle, �, between �+��plane and e+e� plane in the kaon entre-of-mass frame [3℄. Only the CP-onserving inner-bremsstrahlung proess ontributes to KS ! �+��e+e�,and so no asymmetry is expeted.
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Fig. 2. Distributions of (left) m�0 and (right) the rapidity y = jE1 �E2 j=mK forKL ! �0 events with m < 240 MeV/2.Kaon deays to �+��e+e� are seleted, with an e�ieny of about 97 %,by a trigger requiring the presene of four traks. An event to be aepted foro�ine analysis is required to ontain two positive and two negative traks;a vertex reonstruted within the �duial region and near the beam axis;two traks identi�ed as eletrons (from E=p). It is also required that theevent's transverse momentum is small. Three main soures of bakgroundneed to be eliminated: a deay KL ! �+�� followed by a  onversion isrejeted by requiring that all two-trak verties be outside of the material ofthe detetor; overlaid deays of K ! �e� are rejeted by time onstraints; adeay KL ! �+���0D is rejeted from the invariant mass of the ee systembeing onsistent with them�0 mass when the photon is inside the alorimeteraeptane, or is otherwise rejeted by a kinematial ut [4℄.For the 1998 data, 458 KL ! �+��e+e� deays are found, with a signal-over-bakground ratio of about 37 (see Fig. 3). A preliminary measurementgives the branhing fration B(KL ! �+��e+e�) to be (2:90�015(stat))�10�7. The data indiate an asymmetry in good agreement with the theo-retial expetations (see Fig. 3). Using the 1998 data, 58 KS ! �+��e+e�deays are seleted and a branhing fration of about 4 � 10�5 is dedued.From data taken in 1999 during a short period with a high-intensity KSbeam, 731 KS ! �+��e+e� deays are identi�ed (see Fig. 4). As expeted,the angular asymmetry is onsistent with zero to within the experimentalunertainty.
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Fig. 4. Signal for KS ! �+��e+e�: (left) using 1998 data (�rst evidene fordeay); (right) using 1999 data for high-intensity KS beam.REFERENCES[1℄ V. Fanti et al., Phys. Lett. B465, 335 (1999).[2℄ G. D'ambrosio, J. Portoles, Nul. Phys. B492, 417 (1997).[3℄ L.M. Sehgal, M. Wanninger, Phys. Rev. D46, 1035 (1992).[4℄ J. Adams et al., Phys. Rev. Lett. 80, 4123 (1998).


