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RARE KS DECAYS WITH NA48�Roberto SaoDepartment of Physis and Astronomy, University of EdinburghJCMB King's Buildings, May�eld Road, Edinburgh, EH9 3JZ, UK(Reeived Marh 2, 2001)Reent results obtained by the NA48 Collaboration on rare KS deaysand future prospets are presented.PACS numbers: 11.30.�j, 13.20.Eb.1. IntrodutionThe NA48 experiment at CERN has been designed to measure the diretCP violation parameter Re("0=") with a preision of 2�10�4. However, giventhe high resolution of the NA48 detetors and the quality of the KS and KLbeams, it is possible to investigate rare deays in the neutral kaon setor.In partiular, the use of an intense proton beam at the KS target stationallows NA48 to searh for very rare KS deays, suh as KS ! �0e+e� orKS ! �0�0�0. In the following setions I will review reent results on KSdeays obtained by NA48 and desribe the potential for further investigationin the KS setor in the near future.A detailed desription of the experimental layout an be found in [1℄.2. The intense KS beam in 1999During the 1999 run, a short period of two days was devoted to theinvestigation of rare KS deays and neutral hyperons. The intensity of theproton beam at the KS target station was inreased by a fator of about200 (6 � 109 protons per SPS pulse of 2:5 s every 14:4 s). The photon vetodetetor used in normal "0=" running to de�ne the beginning of the �duialregion for KS ! �0�0 deays was partially removed from the KS beam� Presented at the Craow Epiphany Conferene on b Physis and CP Violation,Craow, Poland, January 5�7, 2001. (1969)



1970 R. Saoand the KL beam swithed o�. In these onditions, the instantaneous ratesin the NA48 detetors were slightly above the ones in the standard "0="on�guration. 2.1. KS ! The measurement of the branhing ratio of the deay KS !  is a rit-ial test of Chiral Perturbation models. Within this framework the one-loopontributions are �nite and predit unambiguously the branhing ratio. Itspreise measurement an therefore provide insight on ontributions fromhigh-order loop orretions.Due to a very large bakground from KS ! �0�0 deays, the study ofKS !  an be arried out in a very restrited region lose to the end of the�nal beam ollimator. The maximum invariant mass for a  pair originatingfrom KS ! �0�0 deays is 458MeV/2; this produes an apparent neutralvertex shift of about 9m downstream the beam line, leaving the beginningof the �duial region populated mainly by KL;S ! .
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zv [ cm ]Fig. 1. Z-vertex distribution for �tted KS !  events (blak area) and KL ! omponent (grey area). The dots show the data and the arrows show the �ttedregion.Using data olleted during the two-day long test run in 1999, 450K !  events with energy between 60 and 170 GeV/2 and reonstrutedZ-vertex between �2 and 5m were identi�ed. A bakground of 2� 2 events



Rare KS Deays with NA48 1971from KS ! �0�0 deays and 11 � 8 events from � ! n�0 was then sub-trated. Using the existing branhing ratio for KL !  and a binnedMaximum Likelihood method, 149 � 21 events were identi�ed as KS ! .The result whih the NA48 Collaboration published in [2℄, using KS ! �0�0as normalization sample, isBR(KS ! ) = (2:58 � 0:36stat � 0:22syst)� 10�6 :2.2. Searh for KS ! �0e+e�Deays of KL mesons into �0l�l are of onsiderable interest due to theirsensitivity to diret CP violation [3℄. However, in �0e+e� deays both CPonserving and indiret CP violating amplitudes also ontribute. The CPonserving ontribution to this deay proess an be obtained by measuringthe low m omponent of the deay KL ! �0. The ontribution tothe branhing ratio BR(KL ! �0e+e�) is � 4 � 10�12 [4℄. The diret andindiret CP violating (CPV ) ontributions interfere, and their ontributionto the branhing ratio an be written as [5℄:BR(KL ! �0e+e�)CPV � 1012 ' 15:3 a2S � 6:8 aS Im(�t)10�4 + 2:8� Im(�t)10�4 �2;where �t = V �tsVtd is the relevant ombination of CKM matrix elementswhih desribe the short distane CP violation. The parameter aS desribesthe strength of the indiret CP violating omponent in the KL ! �0e+e�deay, and is related to BR(KL ! �0e+e�) via the relation [5℄:BR(KL ! �0e+e�) = 5:2 � 10�9 a2S :Aording to dimensional analysis in hiral perturbation theory, aS � O(1).The NA31 experiment obtained the upper boundBR(KS ! �0e+e�) < 1:1 � 10�6at 90% on�dene level [6℄. A more preise measurement of this mode islearly important to plae a bound on the indiret CP violating term in theKL deay.During the test run at high intensity, NA48 has improved the limit onBR(KS ! �0e+e�) by almost a fator of 10.The most important bakground soure is KS ! �0�0 deays with thesubsequent Dalitz deay of either �0. The most e�etive rejetion an bedone requiring the invariant mass of the eletron pair above the m�0 kine-mati limit, in order to take into aount possible resolution e�ets or inter-ations in the detetor material.



1972 R. SaoFig. 2 shows the mee distribution for bakground, data and simulatedsignal events. The observed mee distribution is very well aounted for bythe KS ! �0�0D simulation; above the value mee = 165 MeV=2, whihde�nes the signal region, no andidate is observed. Contaminations fromKS ! �0�0D or KS ! �D�D are estimated to be less than 0.03 eventsfor eah hannel. Using fully reonstruted KS ! �0�0D as normalization,a preliminary upper limit on the branhing ratio forKS ! �0e+e� an be setBR(KS ! �0e+e�) < 1:6 � 10�7at 90% CL.
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Fig. 2. Invariant mass distribution of the eletron�positron pair for data (triangles),KS ! �0�0D simulation (blak area) and KS ! �0e+e� simulation (grey area,arbitrary normalization).3. The intense KS beam in 2000At the end of 1999 a beam-pipe implosion seriously damaged the fourdrift hambers that are part of the NA48 spetrometer. As a onsequeneonly neutral kaon deays ould be reorded during the 2000 run. The ham-bers were removed from the beam line and a ontinuous vauum establishedbetween the KS target and the beginning of the main detetor. About 40



Rare KS Deays with NA48 1973days were devoted to a high intensity run aimed at the investigation of purelyneutral modes of rare KS deays. The proton intensity on the target wasinreased to 9� 10�9 per SPS pulse of 3.2 s every 14.4 s. The momentum ofthe proton beam was redued to 400GeV/ and the kaon prodution angledereased to 3mrad to ompensate the beam momentum loss.3.1. KS ! �0�0�0A very interesting deay to searh for at high intensity is KS ! �0�0�0.As the 3�0 state is pure CP = �1, the observation of KS ! �0�0�0 isa lear signature of CP violation. This e�et is parametrized by�000 = A(KS ! �0�0�0)A(KL ! �0�0�0) :So far, the best measurement of �000 has been reported by the CPLEARCollaboration [7℄: Re(�000)=0:18 � 0:15 and Im(�000)=0:15 � 0:20, orre-sponding to a branhing ratio of BR(KS ! �0�0�0) < 1:9�10�5 at 90% CL.The SND experiment has later lowered the limit on the branhing ratio to1:4 � 10�5 at 90% CL [8℄.A preise measurement of �000 is also fundamental for CPT tests. Assum-ing unitarity, it is possible to measure the CPT parameters Re(") and Im(Æ)through the Bell�Steinberger relations whih relates KS and KL amplitudesin the �nal states:Re(")� iIm(Æ) = 12 �i�m+ 12� �XAfLA�fS ;where �m = mL �mS,  = �L + �S and AfL;S are the deay amplitudes toa �nal state.The best measurements of Re(") and Im(Æ) ome from CPLEAR [9℄:Im(Æ)=(2:4�5:0)�10�5 and Re(")=(164:9�2:5)�10�5 . As the unertaintyon these parameters is dominated by the one on �000, a better limit on �000would also improve CPT tests.NA48 an extrat �000 by measuring the KS �KL interferene term inthe K ! 3�0 deay probability as a funtion of proper deay time:I3�0 / e�t=�L + j�000j2e�t=�S + 2Dj�000je�t=2(1=�S+1=�L) os(�mt+ �000) ;where D is the K0K0 dilution at prodution (about 0.3 for NA48). Theosillation is superimposed to a very large and �at KL ! �0�0�0 omponentand is mostly ontained in a few KS lifetimes from the target. This loss of



1974 R. Saosensitivity an however be partly ompensated by the very good proper timeresolution (� 0:1 �S) provided by the ombination of high energy beamsand high resolution alorimetry.In order to improve the present limit on �000, high statistis samples ofK ! �0�0�0 must be olleted within a few lifetimes from the target. Inaddition, exellent knowledge of detetor aeptane is required.In the data taken in 2000, the estimated number of fully reonstrutedevents in the 90�140 GeV/2 range is about 1 � 106=�S. A preliminaryanalysis of this data indiates that a limit of about 3% on Re(") and Im(Æ)ould be reahed. 4. Prospets for 2002The CERN Researh Board has approved the proposal to run NA48 in2002 with a slightly modi�ed beam-line to study rare KS deays and neutralhyperons [10℄. The hanges will onsist in the exploitation of a longer SPSduty yle (5.2 s of spill length every 16.8 s), the insertion of a sweepingmagnet at the end of the KS ollimator in order to rejet photon onversion,and an upgraded readout for drift hambers and eletromagneti alorimeter.This should allow the proton �ux on target to be inreased to 1 � 1010protons per pulse, orresponding to about 3 � 1010 KS deays per yearin the �duial volume of the experiment. Assuming an overall aeptaneof 5%, the single event sensitivity for KS ! �0e+e� would be 6 � 10�10.The expeted signal for this deay hannel, assuming a branhing ratio of5�10�9, is 7 events/year. The main bakground, oming from KS ! �0�0D,is kept under ontrol (less than 0.3 events/year) by the mee ut desribedin Se. 2.2; other bakground oming from KS;L ! e+e� and KS !�D�D should be negligible. For what onerns the deay KS ! �0�0�0, theexperiment should be able to put a bound on �000 of about 1%, thereforefurther improving CPT tests.Several other KS deays that an be investigated by NA48 are presentedin Table I. TABLE IRare KS deay modes. The number of estimated event is alulated onsidering3� 1010 events/year in the NA48 �duial volume.Deay mode BR (exp) BR (th) Events/yearKS !  (2:58� 0:42)� 10�6 2:25� 10�6 24000KS ! �0 3:8� 10�8 114KS ! �0�0 5:6� 10�9 7KS ! �0�0�0 < 1:4� 10�5 2:5� 10�9 3



Rare KS Deays with NA48 19755. ConlusionsThe investigation of rare KS deays by NA48 is providing interesting re-sults for the understanding of Chiral Perturbation Theory and CP violationin the neutral kaon setor. The results obtained in the last two years learlydemonstrate the apability of NA48 to reah high sensitivities in the studyof suh deays. The run in 2002 will allow NA48 to present very ompetitiveresults on this interesting subjet.REFERENCES[1℄ V. Fanti et al., NA48 Collaboration, Phys. Lett. B465, 335 (1999).[2℄ A. Lai et al., NA48 Collaboration, Phys. Lett. B493, 29 (2000).[3℄ G. D'Ambrosio, G. Isidori, Int. J. Mod. Phys. A13, 1 (1998).[4℄ G. Isidori, hep-ph/9908399.[5℄ G. D'Ambrosio, G. Eker, G. Isidori, J. Portoles, J. High Energy Phys. 08,004 (1998).[6℄ G. Barr et al., NA31 Collaboration, Phys. Lett. B304, 381 (1993).[7℄ A. Angelopulos et al., Phys. Lett. B425, 391 (1998).[8℄ M.N. Ahasov et al., Phys. Lett. B459, 674 (1999).[9℄ A. Apostolakis et al., Phys. Lett. B456, 297 (1999).[10℄ R. Batley et al., Addendum 2 to P253: A high sensitivity investigation ofKS and neutral hyperon deays using a modi�ed KS beam, CERN/SPSC/2000-002, 1999.


