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NEW RESULTS FROM NA48 ON RARE NEUTRALKAON DECAYS�Emmanuel Olaiyaon behalf of the NA48 CollaborationCagliari, Cambridge, Cern, Dubna, Edinburgh, Ferrara, Florene, Mainz, Orsay,Perugia, Pisa, Salay, Siegen, Torino, Vienna, WarsawUniversity of Cambridge, UK(Reeived April 2, 2001)NA48 has searhed for rare neutral kaon deays in data olleted in1998 and 1999. These searhes were performed with simultaneous KL andKS beams during the "'/" programme. Preliminary results for the deaysKL ! �0, KL ! e+e�e+e� and KL ! �+��e+e� are presented.PACS numbers: 13.20.Eb, 13.40.Hq, 14.40.Aq1. IntrodutionThe NA48 experiment at the CERN-SPS was primarily designed to mea-sure diret CP -violation in neutral kaon deays to two pions. However, dueto high resolution detetors and many triggers, the NA48 experiment alsoallows for the investigations of rare KL and KS deays.The KL and KS partiles are generated by aiming a beam of 450 GeV/protons onto two beryllium targets, loated 126 m and 6 m, respetively,from the deay region. The experimental layout and detetor desriptionsan be found elsewhere [1℄. 2. KL ! �0Studies of the deay KL ! �0 provide us with the opportunity ofunderstanding low-energy hadron dynamis in the ontext of CHiral Per-turbation Theory (CHPT) [2℄. CHPT alulations of O(p4) only predit� Presented at the Craow Epiphany Conferene on b Physis and CP Violation,Craow, Poland, January 5�7, 2001. (1977)



1978 E. Olaiya1/3 of the measured rate for this deay [3℄. Theoretial alulations per-formed to O(p6) inluding a Vetor Meson Dominane (VMD) ontribution,parameterised by aV , predit a rate ompatible with urrent measurements.Furthermore, a tail at low m is predited. This deay has additionalimportane by providing information on the CP onserving ontribution tothe deay KL ! �0e+e�. The CP onserving ontribution an be alulatedusing the VMD omponent in the deay KL ! �0.Results presented here, ome from the 1999 and part of 1998 data sam-ple. To normalise to the kaon �ux, KL ! �0�0 was used. Both deays areaepted by the same neutral trigger [1℄. The two deays are seleted inthe o�ine analysis by taking events with four lusters in the eletromag-neti alorimeter and no hits in the drift hambers. The main bakgroundomes from KL ! �0�0�0 deays, where photons esape experiment's a-eptane or produe overlapping lusters in the alorimeter. In these ases,as a onsequene of missing photon energy, the reonstruted kaon-deayvertex usually lies downstream of the true deay position. Therefore, mostof the bakground events are rejeted by requiring the kaon-deay vertex toour in the �rst 20 m after the end of the beam ollimator. Additionally,if two or three photon andidates are ompatible with the reonstrution ofone or two �0, respetively, originating more than 6 m upstream of the kaondeay vertex, the event is rejeted.Using the aforementioned data sample, a signal of 1397 KL ! �0 de-ays has been identi�ed, above a bakground of about 30 events (see Fig. 1).The aeptane was determined using a simulation in whih events weregenerated with aV = �0:45. A preliminary measurement of the branhing
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Fig. 1. Distributions of (left) m�0 and (right) m for the KL ! �0 sample.



New Results from NA48 on Rare Neutral Kaon Deays 1979fration gives:Br(KL ! �0) = 1:51 � 0:05(stat) � 0:20(sys) � 10�6:3. KL ! l+l�e+e�The deay KL ! l+l�e+e� proeeds via KL ! ��, hene being asoure of information on �� vertex. The theoretial preditions for therates are 3.85 � 10�8 with a 4% e�et due to the form fator for l = e and1.30 � 10�9 with a 30% e�et due to the form fator for l = � [4℄. The ��vertex has great signi�ane in the deay KL ! �+��.3.1. KL ! �� and �There are two ontributions to the rate of KL ! �+��, the short andlong distane interations. The short distane interation is of partiularinterest due to its dependene on the parameter �, from the Wolfensteinparameterisation of the CKM matrix. The short distane ontribution tothe rate an be expressed as [5℄:Br(KL ! �+��) = �2Br(K+ ! �+��)�2 sin4 �W �(KL0)�(K+)���1� �22 �YNL +A2�4(1� �)Yt�2 ; (1)where A and � are from the Wolfenstein parameterisation of the CKM ma-trix, YNL and Yt inorporate next to leading order QCD orretions and�W is the Weinberg angle. The above equation shows how the short rangeontribution is dependent on �.In order to extrat the short range ontribution, the rate of the deayKL ! �+�� is required. This rate has been measured to � 2.2 %. However,the ontribution to the rate is dominated by the long distane interationwhih proeeds by the �� vertex. In order to extrat the short rangeontribution, the �� form fator must be determined. The �� formfator an be alulated from KL ! l+l� e+e� deays, hene being a reasonfor their importane. 3.2. KL ! e+e�e+e�In order to identify eletrons, the ratio E=p is required to be greaterthan 0.9. The transverse momentum must be smaller than 5�10�4 (GeV=)2and the reonstruted invariant mass has to be within 0.475 and 0.525 GeV=2.The vertex of the deayed kaon is required to be between 700 and 9000 mdownstream of the KS target. Finally, all events must fall within a timewindow of 3 ns.



1980 E. OlaiyaThe most probable soures of bakgrounds for this deay are:� KL ! e+e� and KL ! , where one or both photons respetivelyonvert ( ! e+e�) in the Kevlar window, whih preedes the eletro-magneti spetrometer. These events are rejeted by requiring a trakseparation of at least 2 m in the �rst drift hamber.� Simultaneous KL ! ��e��, where the pions are misidenti�ed as ele-trons. The high E=p ut redues misidenti�ation of the pions whilstthe ut on the transverse momentum and the time window requirementof the event helps to rejet simultaneous events.After all uts, 132 events remain in the signal region with negligible bak-ground (see Fig. 2). To normalise the kaon �ux, the deay KL ! �+���0Dwas used. The preliminary NA48 result is:Br(KL ! e+e�e+e�) = 3:67 � 0:32(stat) � 0:26(sys)�10�8 ;in agreement with the theoretial predition.
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Fig. 2. 132 KL ! e+e�e+e� andidates, with negligible bakground.3.3. KL ! �+��e+e�The seletion routine for this deay is similar to KL ! e+e�e+e� ex-ept two of the harged partiles deposit little energy in the eletromagnetialorimeter ( < 3 GeV is required). It is further required that the sameharged partiles register hits in the muon hambers.



New Results from NA48 on Rare Neutral Kaon Deays 1981The most probable soures of bakground for this deay are:� KL ! �+�� where the photon onverts in the Kevlar window, whihpreedes the eletromagneti spetrometer. As mentioned above, on-versions are rejeted by requiring a trak separation of at least 2 min the �rst drift hamber.� Simultaneous KL ! ��e��, where the pions deay to muons. A uton the transverse momentum and the time window requirement of theevent helps to rejet simultaneous events. This forms a �at bakgroundwhih extends beyond the kaon mass (see Fig. 3).� KL ! �+���0D, where the pions deay to muons. Cutting on thetransverse momentum redues the ontribution of this bakground.More importantly, the lost energy arried away by the neutrino, afterpion deay, prevents the event from reonstruting the kaon mass.So far only one event has been published [6℄. NA48 see a lear signal of21 events in the signal region with a bakground of two events.
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mass(e+e- µ+µ- )Fig. 3. 21 KL ! �+��e+e� andidates. Estimation of 2 bakground events due tosimultaneous KL ! ��e��.To date, due to the small rate, not enough events have yet been observedin either KL ! l+l� e+e� deay for a signi�ant form fator measurement.It is a pleasure to aknowledge the outstanding ooperation of the NA48members and tehnial sta�. Furthermore, the organisers of the CraowEpiphany Conferene must be thanked for providing an exellent onferene.
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