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B PHYSICS AT Belle� ��Kenkihi Miyabayashifor the Belle ollaborationDepartment of Physis, Nara Women's UniversityKita-Uoya-Nishi-mahi, Nara 630-8506, Japane-mail: miyabaya�hepl.phys.nara-wu.a.jp(Reeived May 7, 2001)We present reent results on B physis from the Belle detetor at theKEKB asymmetri e+e� ollider. The mixing-indued CP violation pa-rameter is measured to be sin 2�1 = 0:58+0:32�0:34(stat:)+0:09�0:10(syst:) based on adata sample of 10.5 fb�1 at the �(4S) resonane. Other topis inludingB� �B mixing, observations of rare deays, and jVbj measurements are alsoreported.PACS numbers: 11.30.Er, 12.15.Hh, 13.20.He, 13.25.Hw1. IntrodutionThe study of CP violation in B meson deay is one of the key testsof the Standard Model (SM). The existene of a omplex phase auses CPviolating phenomena, and is thought to originate in the quark mixing matrixwhih is alled the Cabbibo�Kobayashi�Maskawa (CKM) matrix [1℄. TheCKM matrix is written as [2℄;0� Vud Vus VubVd Vs VbVtd Vts Vtb 1A=0� 1� �2=2 � A�3(�� i�)�� 1� �2=2 A�2A�3(1� �� i�) �A�2 1 1A; (1)� Presented at the Craow Epiphany Conferene on b Physis and CP Violation,Craow, Poland, January 5�7, 2001.�� Talk slides an be found at:http://www.hepl.phys.nara-wu.a.jp/~miyabaya/krakow2001/epiphany.htm.(1663)



1664 K. Miyabayashiwhere Vub and Vtd have CP violating omplex phases. Due to the unitarityondition of CKM matrix, the following relation is expeted to hold.VtdV �tb + VdV �b + VudV �ub = 0 : (2)Here, the CP violating angles �1, �2 and �3 are de�ned as shown in Fig. 1.

Fig. 1. The unitarity triangle. The CP violation parameters are de�ned as theangles of �1, �2 and �3.Sine all terms in Eq. (2) have the same order, the angles of this triangleare expeted to be as large as � O(0:1) resulting in large CP asymmetries.B meson deays an be used to measure the CP violating angles �1, �2and �3 and the lengths of the sides of this triangle. With four measure-ments, this allows us to make a omprehensive test of the CKM sheme byoveronstraining this triangle.There are two ategories of CP violation phenomena; indiret and diretCP violation. The former is indued by B0� �B0 mixing while the latter isdue to the interferene of two deay amplitudes.Among these ategories, the most promising one is indiret CP violationwhih leads to a time-dependent CP asymmetry whih diretly aessessin 2�1. In order to observe it, the following requirements have to be satis�ed:CP eigenstates must be e�iently reonstruted with high purity, the Bmeson �avor must be identi�ed and the B meson's proper time t must bemeasured with good resolution.The solution is a high intensity e+e� asymmetri ollider on the �(4S)resonane and a general purpose spetrometer having good vertex, energyand momentum resolution together with high momentum partile identi-�ation apability. We all this faility a B-fatory. At the High EnergyAelerator Researh Organization (KEK), the KEKB aelerator and theBelle detetor are working together as a B-fatory.



B Physis at Belle 16652. Experimental apparatusThe KEKB aelerator ollides 3.5 GeV e+ with 8 GeV e�. The beamsare stored separately in a High Energy Ring (HER; e�) and a Low EnergyRing (LER; e+) having a 3 km irumferene. The beams ross at an angleof 22 mrad at the interation point. The produed �(4S) system is boostedwith � = 0:425 in the laboratory frame so that the B mesons then travelapproximately 200 �m during their mean life.After observation of the �rst ollision events in June 1999, the lumi-nosity has been gradually inreasing. As shown in Fig. 2, the luminosityhas steadily improved from April 2000. By the end of 2000, a total of11 fb�1 was aumulated. Colliding beam operation resumed in February2001 with typial peak and daily integrated luminosities of 3�1033 m�2s�1and � 200 pb�1/day, respetively.

Fig. 2. Ahievements of KEKB aelerator operation. The upper plot is integratedluminosity in units of pb�1/day, while the lower plot is total integrated luminosity.Both are plotted as the funtion of date. 18 fb�1 was aumulated in total by theend of Marh 2001.A detailed desription of the Belle detetor an be found elsewhere[3℄. It onsists of a three-layer Silion Vertex Detetor (SVD), a CentralDrift Chamber (CDC) �lled with a normal pressure helium�ethane mixture



1666 K. Miyabayashi(He : C2H6 = 50 : 50), an array of Aerogel �erenkov Counters (ACC),Time-Of-Flight sintillation ounters (TOF), an Eletromagneti Calorime-ter using 8736 CsI(Tl) rystals (ECL), 1.5 T super-onduting solenoid, and14 layers of iron �ux-return yoke interleaved with resistive plate ounters(KLM).The momentum resolution for harged partiles is��pTpT �2 = (0:0019pT)2 + (0:0034)2 ;where pT is the transverse momentum with respet to the beam axis inunits of GeV/. The impat parameter resolutions are �r� � �z = 55 �mfor p = 1 GeV= traks at normal inidene. Charged partiles are identi�edby spei� ionization (dE=dx) measurements in the CDC (�dE=dx = 6:9 %),TOF �ight-time measurements (�TOF = 95 ps) and the number of photo-eletrons deteted in ACC. Charged kaon identi�ation is performed in themomentum range up to 3.5 GeV/ with an e�ieny of 85 % and a 10 %harged pion fake rate. For eletron identi�ation, the ratio between theharged trak's momentum and the assoiated shower energy (E=p) is themost powerful observable. Other information inluding dE=dx, the distanebetween the ECL shower and the extrapolated trak, and the shower shapeare also used. The e�ieny is greater than 90 % and the hadron fake rateis less than 0.3 %. Muons are identi�ed by requiring the assoiation betweenKLM hits and an extrapolated trak. The e�ieny is more than 90 % whilethe fake rate is less than 3 %. The energy resolution of the ECL for photonsis (�E=E)2 = (0:013)2 + (0:0007=E)2 + (0:008=E1=4)2, where E is in GeV.KL mesons are deteted by KLM hits together with ECL information. Anangular resolution better than 3Æ is ahieved for KL mesons.3. Measurement of sin 2�1The SM predits large CP violation in the di�erene of the time-depen-dent deay rates between B0 and �B0 into a ommon CP eigenstate, fCP .When the deays into fCP take plae predominantly by one amplitude havingno omplex phase, interferene with B0� �B0 mixing auses a CP asymmetry,ACP (t), whih diretly aesses the angle �1.ACP (t) � R( �B0 ! fCP )�R(B0 ! fCP )R( �B0 ! fCP ) +R(B0 ! fCP ) = ��CP sin 2�1 sin�mdt ; (3)where R( �B0(B0)! fCP ) is the deay rate for a �B0(B0) to fCP at a propertime t after prodution, �CP is CP the eigenvalue of fCP , �md is the mass



B Physis at Belle 1667di�erene between the two mass eigenstates, and �1 is one of the angles ofthe unitarity triangle de�ned as �1 � ��arg��V �tbVtd�V �bVd�, whih is also shownin Fig. 1.The B0� �B0 pair from �(4S) is in a oherent p-wave state until one ofthem deays. Therefore, at the moment when one B meson deays into thestate (ftag) telling whether it is B0 or �B0, at a time ttag, the other one isde�nitely of the opposite �avor. The remaining one deays into fCP at atime tCP . Here, beause of the oherent osillation of B meson pairs from�(4S) before one of them deays, the proper time t should be taken as theproper time di�erene, �t � tCP � ttag.CP eigenstates J= KS,  0KS, �1KS, �KS, J= KL and J= �0 are usedin this analysis. Among these, J= KL and J= �0 have �CP = +1 while allother modes have �CP = �1.J= mesons are reonstruted in l+l�(l = e; �) deay modes. In thee+e� ase, the naive invariant mass of two traks has a long tail beause ofbremsstrahlung from the �nal state eletron or positron. In order to reoveras muh of this tail as possible, ECL showers found within 50 mrad from thetrak's initial diretion are inluded to alulate the invariant mass (Mee()).Candidates in the �+�� mode are seleted by utting on the invariant massof dimuon traks (M��) beause the radiative tail is muh smaller. Therequirements of �12:5� < (MJ= �Mee()) < +3�and �5� < (MJ= �M��) < +3�are used for e+e� and �+�� modes, respetively, where � = 12 MeV=2 isthe mass resolution. For the B0 ! J= KS(�+��) mode, the requirementof lepton-identi�ation for one of the traks is relaxed, beause this modehas a smaller bakground than others.The  0 is reonstruted by its deays into l+l� and J= �+��. The �rstmode is the same as J= , and the seond is reonstruted by requiring themass di�erene, ml+l��+�� �ml+l� , to be between 0.58 and 0.60 GeV/2.�1 reonstrution is done using the �1 ! J=  mode. Sine mostphotons in hadroni events ome from �0s, if a photon is ombined withany other photon and the invariant mass of the two photons are onsistentwith M�0 , the photon is rejeted as a �1 andidate. Two � deay modes,� ! KSK��� and � ! K+K��0 are used to reonstrut B0 ! �KS.KS ! �+�� andidates are seleted as oppositely harged trak pairshaving an invariant mass within �4� of MK0 , where � � 4MeV=2. In theB0 ! J= KS mode, KS ! �0�0 deays are also used. Two  pairs with aninvariant mass between 80 and 150 MeV/2 whih are assumed to originate



1668 K. Miyabayashifrom the interation point are seleted and the sum of the �2 from eah �0mass onstrained �t is minimized by varying the deay point of KS.For the J= �0 mode, we use a minimum photon energy of 100 MeV andselet  pairs having an invariant mass between 118 and 150 MeV/2. The�0 momentum is obtained by a mass onstrained �t.These exlusive deay hannels are identi�ed by two observables in the�(4S) enter of mass (ms) frame; the beam-energy onstrained massMb � qE2beam � (P ~pi)2 and the energy di�erene �E � PEi � Ebeam,where Ebeam = ps=2 is the beam energy in the ms frame, and ~pi and Eiare the ms three momenta and energies of the andidate B meson deayproduts. Mb and �E should be onsistent with the B meson mass andzero respetively with resolutions depending on the deay mode. The Mbdistribution of the deay modes desribed above is shown in Fig. 3.
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Fig. 3. The beam-onstrained mass distribution for all deay modes ombined otherthan J= KL. The shaded area is the estimated bakground. The dashed linesindiate the signal region.B0 ! J= KL deays are seleted by requiring that the observed KLdiretion is within 45Æ from the expeted diretion derived from two-bodydeay kinematis. This onstrains pmsB , the reonstruted momentum of theB meson in the ms frame, to lie in the range 0:2 < pmsB < 0:45 GeV/.To redue bakgrounds further, the J= ms momentum, the angle betweenthe KL and its nearest-neighbor harged trak, the harged trak multi-pliity and the kinematis assuming that a three-body deay hypothesis ofB+ ! J= K�+(KL�+) are used to alulate a likelihood quantity. The pmsBdistribution �t gives 77 J= KL events out of 131 entries in the signal region.The reonstruted CP eigenstate events are summarized in Table I.



B Physis at Belle 1669TABLE IThe numbers of CP eigenstate events. NEV and NBG denote number of observedevents and estimated bakground, respetively.Mode NEV NBGJ= (l+l�)KS(�+��) 123 3.7J= (l+l�)KS(�0�0) 19 2.5 0(l+l�)KS(�+��) 13 0.3 0(J= �+��)KS(�+��) 11 0.3�1(J= )KS(�+��) 3 0.5�(K+K��0)KS(�+��) 10 2.4�(KSK+��)KS(�+��) 5 0.4J= (l+l�)�0 10 0.9Sub-total 194 11J= (l+l�)KL 131 54The �avor of the other B meson is tagged by leptons and harged kaonsand pions whih are not inluded in fCP . Traks are seleted in the fol-lowing ategories whih distinguish the b-�avor by the trak's harge; highmomentum leptons from b ! l���, slow leptons from  ! sl+�, hargedkaons from b !  ! s, high momentum pions oming from the deays ofB0 ! D(�)�(�+; �+; a+1 ; et:) and slow pions from D�� ! �D0��. For eahategory, we determined the relative probability density to give b-�avor in-formation by MC. Taking the orrelation among di�erent ategories intoaount, a likelihood is alulated to distinguish between B0 and �B0 and togive the �avor-tagging dilution probability on an event-by-event bases.The probability to give an inorret �avor, whih is alled the wrongtag fration w, is diretly heked in data using the self-tagging �nal statesB0 ! D��l+�;D(�)��+, and D���+. Applying the �avor-tagging logi tothe other B meson, we an estimate w from the time dependent opposite�same �avor asymmetry, AF (t) beomes; AF (t) = (1 � 2w) os(�mdt). Theoverall tagging e�ieny " is found to be 99.6 % and the total e�etivee�ieny "e� � "(1� 2w)2 is estimated to be 27:0+2:1�2:2 %.The vertex positions for fCP and ftag are reonstruted using trakshaving assoiated hits in the SVD. Eah vertex position is required to beonsistent with the run-dependent IP pro�le in the r� plane. The typialIP size is �x � 100 �m, �y � 5 �m and �z � 3 mm. The fCP vertex isdetermined by lepton traks from the J= or  0 deays, or prompt traksoming from �. The ftag vertex is determined from traks not assigned to



1670 K. MiyabayashifCP . Aording to MC studies, the vertex resolutions in the z diretion forfCP and ftag are 75 �m and 140 �m, respetively. The poorer resolution forftag is due to the lower average momentum of the ftag deay produts andthe smearing by the harmed meson lifetime. The resolution funtion R(�t)for the proper time di�erene is parameterized as a sum of two Gaussianomponents. The estimated error of �t is given on an event-by-event basis.In order to test the validity of the resolution funtion, B meson lifetimes aremeasured by non-CP modes;B0 ! J= K�0; D(�)��+(�+); D��l+�and B+ ! J= K+; D0�+; D�0l+� :The results are �B0 = 1:548� 0:03� 0:07 ps and �B+ = 1:67� 0:04+0:11�0:10 ps,where the �rst error is statistial and the seond error is systemati. Theseare onsistent with the PDG values [4℄.The CP violating parameter, sin 2�1 is determined from an unbinnedmaximum likelihood �t to the observed �t distributions. The probabilitydensity funtion (pdf) for the signal distribution is given byPSIG(�t)� e�j�tj=�B02�B0 [1� �CP q(1� 2w) sin 2�1 sin (�md�t)℄ ; (4)where q denotes the B �avor (+1 for B0 and �1 for �B0) and �B0 and �mdare �xed at their world average values. The pdf for bakground events isparameterized as PBG(�t) = f� e�j�tj=�BG=2�BG + (1 � f� )Æ(�t). The pdfsare onvoluted with R(�t) to onstrut the likelihood value for eah eventas a funtion of sin 2�1:Li = Z �fSIGPSIG(�t0) + (1� fSIG)PBG(�t0)�R(�t��t0)d�t0; (5)where fSIG is the probability that the event is a signal alulated from pmsBfor J= KL, and from �E and Mb for other modes. The most probablesin 2�1 is the value whih maximizes the likelihood funtion L =PLi. Theobtained value is: sin 2�1 = 0:58+0:32�0:34(stat.)+0:09�0:10(syst.) : (6)The asymmetry in eah �t bin is shown in Fig. 4 together with the urveorresponding to the global �t result [5℄.In order to hek a possible bias, the same �tting proedure was appliedto non-CP eigenstate modes of B0 ! D(�)��+, D���+, J= K�0(K+��),D��l+� and B+ ! J= K+. For all the modes ombined, the asymmetry is0:065 � 0:075, whih is onsistent with zero.
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Fig. 4. The asymmetry obtained from separate �ts to eah �t bin. The urve isthe result of the global �t (sin 2�1 = 0:58).4. Other harmonium involving deaysSome B meson deays into harmonia, in addition to the modes alreadyused for the sin 2�1 measurement, ould be used to study CP violatingphenomena. Here, the deays into J= K� and J= K1 are disussed.4.1. Polarization measurement of J= in B ! J= K�The measurement of the polarization of the J= in B ! J= K� deaysis a good test of the fatorization hypothesis [6℄. Due to the nature of thedeay of a pseudo-salar into two vetor mesons, the angular-momentumbetween the �nal state mesons is a linear ombination of s, p and d-waves,i.e. CP even and odd states are mixed. The measurement of the J= polarization gives information on the amount of the mixture. There arethree omplex amplitudes A0, Ak and A? orresponding to three heliitystates of J= K�. A? is the CP odd omponent for the ase of J= (KS�0)�0.The two remaining amplitudes give the CP even ontribution. jA0j2 is thefration with longitudinal polarization of the J= . These amplitudes arenormalized as jA0j2 + jAkj2 + jA?j2 = 1. These amplitudes are determinedby a �t to the angular distribution of the deay produts from J= and K�.In order to perform this angular analysis, the deay modesB+!J= K�+(K�+!KS�+) are used. The methods used to reonstrut the J= and KSare the same as those used for the CP modes in the sin 2�1 measurement.Charged kaons are seleted by requiring that the probability of kaon hypoth-esis is greater than 0.4. Signal yields in data sample for eah deay modesare listed in Table II, with small amount of bakgrounds; 5.9 % for B0 !J= K�0(K�0 ! K+��) and 10.8 % for B+ ! J= K�+(K�+ ! KS�+).



1672 K. Miyabayashi TABLE IISignal yields of J= K� modes used for the angular analysis in the data sample.Mode YieldJ= (l+l�)(K+��)�0 273J= (l+l�)(KS�+)�+ 56Combining the two deay modes, �tting to angular distributions of �nalstate partiles gives the results: jA0j2 = 0:54 � 0:04 � 0:04, jA?j2 = 0:20 �0:05� 0:04, arg (Ak) = 3:10� 0:31� 0:07 and arg (A?) = 0:00� 0:25� 0:03,where the �rst error is statistial and seond is systemati. Our polarizationmeasurement is onsistent with previous measurements [7℄.4.2. Observation of B ! J= K1Although the branhing fration for inlusive B ! J= X deay is rel-atively large, only a small fration of exlusive modes whih are ontainedin the inlusive signal are useful for CP studies. Therefore, it is interestingto searh for additional deay modes whih ould be used in a CP analysis.In addition, the inlusive J= spetrum is not saturated by summing upthe exlusive deay modes whih are presently observed. Therefore, �nd-ing new deay modes ould provide a better understanding of harmoniumprodution from B meson deays.Deays of the type B0 ! J= K01 (1270) are of interest beause theK01 (1270) has an appreiable branhing fration to the �avor-nonspei�K0�0 �nal state (14 %). Therefore, B ! J= K�� deays are studied withthree �nal state topologies: B+ ! J= K+�+��, B0 ! J= K+���0 andJ= K0�+��, where K0 ! �+��. The observed invariant mass spetrumof K�� is onsistent with that of the K1(1270) resonane, and the signalyields obtained are summarized in Table III. TABLE IIISignal yields of J= K�� modes and J= K+.Mode YieldJ= K+�+�� 53.4�9.1J= K+���0 19.3�5.1J= K0�+�� 6.2�2.6J= K+ 472.4�22.9



B Physis at Belle 1673These results are normalized to the B+ ! J= K+ deay mode, and therelative branhing frations whih are obtained are translated into absoluteones: B(B0 ! J= K01 (1270)) = (1:30 � 0:34� 0:31) � 10�3and B(B+ ! J= K+1 (1270)) = (1:80 � 0:34 � 0:39) � 10�3 ;where the �rst error is statistial and the seond is systemati.5. B� �B mixing measurement with dilepton eventsThe frequeny of B0� �B0 mixing is proportional to the mass di�erenebetween the two mass eigenstates of neutral B meson, �md whih is afundamental parameter of the B system. At the �(4S), the asymmetryin the time evolution between same-�avor (B0B0 or �B0 �B0) and opposite-�avor (B0 �B0) deays exhibits an osillation as a funtion of the proper timedi�erene between the two B meson deays, �t, with a frequeny that isproportional to �md. Both the B �avor tag and the deay vertex positionan be determined with high-momentum leptons. Here, we report a study ofB� �B mixing with dilepton events based on integrated luminosities of 5.9 fb�1at the �(4S) resonane and 0.6 fb�1 at an energy 60 MeV below the peak.
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1674 K. MiyabayashiOn the �(4S), 8573 Same-Sign (SS) and 40981 Opposite-Sign (OS) dileptonevents are observed, and 40 SS and 198 OS dileptons are found below theresonane. Eah dilepton event belongs to one of three lasses: signal (S),orretly tagged bakground (C), or inorretly tagged bakground (W). Thedetetion e�ieny and bakground ontribution are determined with MC.To extrat �md, a binned maximum likelihood �t is performed simulta-neously to the �z distributions of the SS and OS dileptons. Fig. 5 showsthe OS and SS asymmetry, (NOS � NSS)=(NOS + NSS), for data togetherwith the result of the �t [8℄. We obtain�md = 0:463 � 0:008(stat.) � 0:016(syst.) ps�1 (7)whih is onsistent with the world average value [4℄.6. Study on b! s penguin transitionsThe b ! s penguin transitions are mediated by virtual W bosons inthe SM. These transitions are of interest beause non-SM partiles, suh asharged Higgs bosons or supersymmetri partiles, an also ontribute inthe loops and potentially produe deviations from SM expetations. Here,we report results on the radiative b ! s deay, whih is aused by aneletroweak penguin diagram and B ! �K modes, whih result from ahadroni penguin ontribution.6.1. The b! s deayThe radiative b ! s transition is observed as the inlusive deayB ! Xs, where Xs denotes a hadroni reoil system ontaining an s quark.The signature of this proess is a high energy photon aompanied by a kaon.The reoil system Xs is reonstruted in 16 di�erent �nal states from oneharged kaon or KS plus one to four pions whih may inlude one �0. Theprimary photon is ombined with every Xs and the opening angle �Xs be-tween ~p and ~pXs , �E and Mb are alulated in the ms frame. We require�Xs > 167Æ, Mb > 5:2 GeV=2 and �0:15 < �E=GeV < 0:10 to seletB ! Xs andidates. When multiple andidates are found in an event,the best andidate is seleted using vertex information and �Xs . Afterthe best andidate is found, we required MXs < 2:05 GeV=2. Bakgroundomes mainly from ontinuum q�q prodution where the hard photon orig-inates from initial state radiation or from a high momentum �0 or � withan undeteted photon. A Fisher disriminant alulated from a set of eventvariables is used to selet a bakground enhaned sample and to model thebakground shape. We obtain a branhing fration of B ! Xs:B(B ! Xs) = (3:36 � 0:53 � 0:42+0:50�0:54)� 10�4; (8)



B Physis at Belle 1675where the �rst error is statistial, the seond is systemati and the third is thetheoretial model error [9℄. Our result is onsistent with the SM predition[10℄ and previous measurements by the CLEO and ALEPH experiments [11℄.6.2. Observation of B ! �K(�) deaysDeays suh as B ! �K annot take plae via a tree diagram and areexpeted to be dominated by the b! ss�s penguin diagram. The � mesonsare reonstruted in the K+K� �nal state from oppositely harged trakpairs, in whih eah trak is onsistent with the kaon hypothesis and whihsatisfy jMKK �M�j < 10 MeV=2. The modes used to detet KS and K�mesons are the same as in Setions 3 and 4.1. Among all the modes thatwere searhed for, only the B+ ! �K+ mode had a signi�ant exess. Thesigni�ane of the signal is 7:6� and the branhing fration is measured tobe B(B+ ! �K+) = (1:39+0:32�0:30(stat.)� 0:25(syst.))� 10�5.7. Rare deays to aess �2 and �3The B ! D(�)K(�) modes play an important role in the measurementof the angle �3 via diret CP violation. The harmless hadroni B deaysB ! ��;K� and KK are also interesting sine indiret and diret CPviolation in these modes are related to the angles �2 and �3.7.1. The D(�)K deaysThe theoretially leanest way to determine �3 is by observation of a CPasymmetry indued by the interferene between b!  and b! u transitionamplitudes in the Cabibbo-suppressed B� ! D0K� deay hannel. Firstof all, it is neessary to establish the existene of the Cabibbo-suppressedmodes. Sine the Cabibbo-favored D(�)� deays have quite similar kine-matis, the signal yields for D(�)K and D(�)� are simultaneously alulatedby �tting �E after dividing the data into a D(�)� dominant sample anda D(�)K enrihed sample on the basis of kaon probability for the hargedhadron aompanying D(�). The ut is at a probability of 0.8. Beause ofthe di�erene between the masses of the kaon and pion, the D(�)K peak isshifted to �E = �49 MeV. The ratios of Cabibbo-suppressed to Cabibbo-favored branhing frations are found to be:B(B� ! D0K�)B(B� ! D0��) = 0:077 � 0:0009 � 0:006 ;B( �B0 ! D+K�)B( �B0 ! D+��) = 0:066 � 0:0015 � 0:007 ;



1676 K. MiyabayashiB(B� ! D�0K�)B(B� ! D�0��) = 0:076 � 0:0019 � 0:009 ;B( �B0 ! D�+K�)B( �B0 ! D�+��) = 0:072 � 0:0015 � 0:006 : (9)The �rst error is statistial and the seond is systemati. These are �rstreported observations of the B ! D+K�;D�0K� and D�+K� deay pro-esses. 7.2. The two body ��; �K and KK deay modesWe studied harmless hadroni two-body B deays into ��, K� and KK�nal states. The harge ombinations studied are �+��, K+��, K+K�,K0�0 for B0 deays and �+�0, K+�0 K0�+ K+ �K0 for B+ deays. For themodes with K0 mesons, KS mesons are reonstruted only by their deaysinto �+��. After applying event shape based seletion riteria for furtherbakground rejetion, theMb and �E distributions of the remaining sampleare used: the shape of the bakground is modeled by sideband data, thenbeause of the kinemati separation between h�+ and hK+ deays, theresults of the �E �t are used to determine the signal yields. The results aresummarized in Table IV. TABLE IVSignal yields and branhing frations of hadroni two-body B deays.Mode Yield Signi�ane Branhing fration(�10�5)B0 ! �+�� 17:7+7:1�0:3+0:3�1:1 3.1 0:56+0:23�0:20 � 0:04B+ ! �+�0 10:4+5:1�4:3+1:2�4:3 2.7 0:78+0:38�0:32+0:08�0:12 (< 1:34 at 90 % C.L.)B0 ! K+�� 60:3+10:6�9:9 +2:7�1:1 7.8 1:93+0:34�0:32+0:15�0:06B+ ! K+�0 34:9+7:6�7:0+0:6�2:0 7.2 1:63+0:35�0:33+0:16�0:18B+ ! K0�+ 10:3+4:3�3:6+0:4�0:1 3.5 1:37+0:57�0:48+0:19�0:18B0 ! K0�0 8:4+3:8�3:1+0:4�0:6 3.9 1:60+0:72�0:59+0:25�0:27B0 ! K+K� 0:2+3:8�0:2 � �B+ ! K+ �K0 0:0+0:9�0:0 � �



B Physis at Belle 16778. CKM elements measurementThe measurement of CKM matrix elements are important to overon-strain the unitarity triangle. Here, studies on semileptoni deays to obtainjVbj and B ! Ds� and Ds� for jVubj are reported.8.1. B ! D�l�;Dl� deays to measure jVbjThanks to the reent development of Heavy Quark E�etive Theory(HQET) [12℄, we have an expression for the B ! D(�)l� deay rates withontrollable theoretial unertainty at zero reoil of D(�) mesons with re-spet to the mother B meson. We analyze the �B0 ! D+l�� and the�B0 ! D�+l�� deay modes, with D+ ! K��+�+ and D�+ ! D0�+ fol-lowed byD0 ! K��+. The neutrino is reonstruted from the missing mass.The reoil is expressed as y � ~vB �~vD(�) and the y distribution is �tted to ob-tain the deay rate at y = 1 orresponding to zero reoil. We obtained jVbj =(3:91� 0:12(stat:)� 0:15(syst:)� 0:16(theory))� 10�2 in the �B0 ! D�+l��deay mode and jVbj = (4:42�0:48(stat:)�0:35(syst:)�0:30(theory))�10�2in the �B0 ! D+l�� mode.8.2. Searh for B ! Ds� and Ds�It is also possible to aess jVubj in B ! Ds� and Ds� deays, wherethe tree diagram ontribution is expeted to be dominant. Candidate Dsmesons are reonstruted in the ��+, �K�0K+ and KSK+ �nal states. Nosigni�ant signal is observed. Upper limits on the branhing frations aregiven as B(B ! Ds�) � 2:0� 10�4 and B(B ! Ds�) � 4:3� 10�4 at 90 %CL. 9. Conlusion and prospetKEKB luminosity is improving rapidly as the betatron-tune is optimized,solenoid windings to suppress beam blow-up due to the photoeletron insta-bility are added and a sophistiated tuning sheme of various aeleratorparameters is implemented. A peak luminosity of 3�1033 m�2 se�1, an in-tegrated luminosity reord of 198 pb�1/day and 1 fb�1/week were reentlyahieved.In terms of physis analysis, analyses based on 6 fb�1 appeared at theICHEP onferene held in the summer of 2000 at Osaka. Based on datasamples of 10 fb�1, four physis papers have been submitted to journals sofar. By next summer, a total integrated luminosity of 30 fb�1 is expeted,and the aelerator luminosity is improving so that there will be lots of roomto enjoy B physis in the oming years of the new entury.
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