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MEASUREMENT OF DIRECT CP VIOLATIONIN K ! �� DECAYS� ��Wojieh Wi±likiA. Soªtan Institute for Nulear StudiesLaboratory for High Energy PhysisHo»a 69, 00-681 Warszawa, PolandOn behalf of the NA48 Collaboration at CERN(Reeived June 2, 2000)The NA48 experiment at CERN performed a measurement of diretCP violation in deays of KL and KS into �+�� and �0�0. Preliminaryresults based on data taken in 1998 are presented. The new data, ombinedwith published NA48 data from 1997, give the CP violating parameterRe("0=") = (14:0� 4:3)� 10�4.PACS numbers: 13.25.Es, 24.80.+yThe dominant omponent of CP violation in deays of neutral kaons isthe mixing between strangeness eigenstates K0 and �K0, desribed by theparameter ". Diret CP violation an our when the CP eigenstate K2 ofCP= �1 deays into two-pion �nal state whih has CP= +1. This leads tointerferene of amplitudes with di�erent isospins and an be parametrizedby "0.In the Standard Model, the CP violation parameters are related to theCKM matrix. Constraints given to "0 by theory and by experimental datafrom other proesses are weak. Preision of theoretial preditions for "0 ismainly limited by poorly known anellation of weak and eletromagnetipenguin diagrams of kaon deays and by hard to alulate strong radiativeorretions and �nal state interations [1℄.� Supported by the KBN grant 2P03B07615 and using omputing resoures of the Inter-disiplinary Center for Mathematial and Computational Modelling of the Universityof Warsaw.�� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2727)



2728 W. Wi±likiThe "0=" an be related to the ombination of deay frequeniesR = � (KL ! �0�0)=� (KS ! �0�0)� (KL ! �+��)=� (KS ! �+��) = 1� 6 �Re("0=") :This double ratio tehnique was used to determine Re("0=") by the NA31[2℄, E731 [3℄, KTeV [4℄ and NA48 [5℄ experiments. The �rst two experimentsgave no lear answer and were marginally onsistent with eah other, whereasrefs [4,5℄ positively evidene for diret CP violation.The �rst NA48 result [5℄ was based on data taken in 1997. In 1998 newdata were taken in the same experimental onditions.In order to ount events simultaneously in four deay modes, the NA48designed two ollinear kaon beams with similar momentum spetra and de-tets all deays in the same time. Kaon prodution targets on those beamsare separated by 120 m but the �duial volume for deays is the same. Dueto the di�erent deay lengths for KL (3400 m) and KS (5.9 m) only theKL omponent from the more distant target survives to the deay volume.Deays from the nearby target are predominantly KS. To distinguish KLfrom KS, proton tagging ounter was loated on the KS beam. The 90 mlong deay region extends after the KS target and is ontained in a vauumtank.
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0 20 40 60 80 100Fig. 1. (a) E�etive mass of �+�� from the deay of KL measured in the magnetispetrometr, (b) Energy resolution in the eletromagneti alorimeter.



Measurement of Diret CP Violation in K ! �� Deays 2729Kaons deaying into harged pions are measured in magneti spetrom-eter, onsisting of the bending magnet and four drift hambers. Reon-struted �+�� e�etive mass is shown in Fig. 1(a). Two sintillator ho-dosope planes, horizontal and vertial, are plaed after the magneti spe-trometer and provide the signal for the �+�� trigger. The hodosope timeresolution is 200 ps per trak.Neutral deays K ! �0�0 are measured by deteting photons from piondeays in the eletromagneti alorimeter �lled with liquid rypton. Theshowers are readout by 13212 ells 2 � 2 � 127 m3 with projetive geom-etry with time resolution better than 300 ps for 20 GeV photons. Energyresolution in the alorimeter is shown in Fig. 1(b).A two level �+�� trigger was used. At the �rst level the hodosopesignals from opposite quadrants were required in oinidene with a totalenergy in the alorimeter larger than 35 GeV. At the seond level, in addition,the two-trak, the vertex and the mass requirements were added. The 2ndlevel trigger rate was 2 kHz.The �0�0 trigger used ell information to ompute the energy peaks inx and y projetions (no more than 5 in eah), the event enter of gravity(less than 15 m) and total energy (larger than 50 GeV). The trigger ratewas about 2 kHz.Charged traks were reonstruted from the hits and drift times in thespetrometer and a vertex was de�ned at the point of losest approah(< 3 m) of traks. Vertex resolution was 50 m along the beam and 2 mmin transverse diretion. In order to rejet bakground from � deays, thesymmetry between opposite-harge momenta was required. To rejet bak-ground from semileptoni Ke3 deays the E=p < 0:8 had to be satis�ed forboth traks. For good �+�� events the mass had to agree within �3� withkaon mass. Further redution of the Ke3 bakground was obtained by uton kaon transverse momentum.Neutral deays were seleted by requiring four lusters in the �duialvolume of the alorimeter, with energies 3�100 GeV, all in time within �5 nsof the avarage. Longitudinal position of the vertex was reonstruted fromluster energies and impat oordinates, assuming kaon mass. For all photonombinations the invariant masses of pairs were omputed and ompared tothe nominal �0 mass and the best �tting ombination was hosen.For the �+�� deays, the KL and KS were leanly distinguished by ver-tial oordinate of deay vertex. For the �0�0 mode, the event was lassi�edas KS if there is a proton signal from the tagging ounter within a �2 nsoinidene with the event time. Aidental oinidene between the tag-ging signal and a KL event may be wrongly lassi�ed as a KS deay. Suhmistagging for harged deays was measured using vertex y oordinate andfor neutral deays from proton oinidenes at times o�set from the atual
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100 < Kaon Energy < 110 GeV
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K decay time from AKS (cτ)Fig. 2. Distribution of deay vertex time, in units of �S, for KS, KL and K(weighted)Levents. The ratio KS=K(weighted)L is also shown. The left �gures are for �+�� andthe right are for �0�0 deays.event. Tagging ine�ienies also arose from ine�ient proton reonstrutionand errors in time reonstrution.The KL andKS aeptanes were made the same by weighting KL eventsaording to their deay time and using nominal lifetimes. Distributions ofvertex deay times, for all deay modes and for weighted and unweightedevents, are shown in Figs 2. Small di�erenes in aeptanes were studiedand orreted for by using Monte Carlo simulation.Event statistis from 1998 data, after removing bakground and orret-ing for mistagging, amounts to 1.14, 1.80, 4.87 and 7.46 millions events forKL ! �0�0, KS ! �0�0, KL ! �+�� and KS ! �+��, respetively,about 3 times the 1997 statistis [5℄. The raw value was found Rraw =0:98899 � 0:00173. After orreting for tagging, trigger e�ienies, aep-tane and bakground the valuesR = 0:99267�0:00173(stat)�0:00238 (syst)and Re("0=") = [12:2�2:9 (stat)�4:0 (syst)℄�10�4 were determined. Com-bined preliminary data from 1998 and �nal 1997 [5℄ giveRe �"0" � = (14:0 � 4:3)� 10�4 ;where all errors were added in quadratures. Averaged world data for Re("0="),f. Fig. 3, isRe �"0" � = (19:3 � 2:4) � 10�4; �2ndf = 11:1=5 :
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Fig. 3. World data on Re("0="). The world average, represented by the grey belt,is (19:3� 2:4)� 10�4 with �2 = 11:1=5.In onlusion, the NA48 data alone and world data altogether, evidenefor the diret CP violation in neutral kaon deays.REFERENCES[1℄ A.J. Buras, Talk at Chiago Conferene on K Physis, 21-26 June 1999.[2℄ NA31, G.D. Barr et al., Phys. Lett. B317, 233 (1993).[3℄ E731, L.K. Gibbons et al., Phys. Rev. Lett. 70, 1703 (1993).[4℄ KTeV, A. Alavi-Harati et al., Phys. Rev. Lett. 83, 22(1999).[5℄ NA48, V. Fanti et al., Phys. Lett. B465, 335 (1999).


