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RESULTS ON B DECAYS FROM BaBar �Vasia Shelkovon behalf of the BaBar CollaborationLawrene Berkeley National Laboratory, University of CaliforniaBerkeley, CA 94720, USA(Reeived Marh 29, 2001)We present a summary of 1999�2000 BaBar results from BaBar orre-sponding to about 8�9 fb�1 of integrated luminosity. All the numbers givenin this writeup are preliminary. We report on measurements of B mesonlifetime, B0B0 mixing, sin2� of the CKM triangle, and branhing ratios ofsome harmless B deays.PACS numbers: 14.40.Nd, 13.25.Hw, 11.30.Er1. IntrodutionIn this note we desribe some details of experimental analyses and givepreliminary results on the following topis:� the measurements of B lifetimes,� B0B0 mixing and extration of of �mBd ,� overview of sin2� analysis,� results for harmless deays of B meson.2. B lifetimesThanks to the boost of the � (4S), the two B mesons produed in BaBarare separated by an average distane in z of � 260 �m, and thus the B0 andharged B lifetimes an be measured.The �rst result given here is performed using an inlusive reonstrutionof the B0. An integrated luminosity of 7.9 fb has been used. The B0 deay� Presented at the Craow Epiphany Conferene on b Physis and CP Violation,Craow, Poland, January 5�7, 2001. (1679)



1680 V. Shelkovwhih is onsidered is B0 ! D�+��f where the D�+ is signed only by the softpion oming from the deay D�+ ! D0�+s . This soft pion is ombined withthe fast bahelor one (��f ). There are enough onstraints to reonstrut theD0 missing mass, assuming that the slow and fast pions are oming from aB0 deay into D�� [2℄. The missing mass is shown in �gure 1.
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 missing mass (GeV/c2)Fig. 1. Missing mass for partially reonstruted B0 ! D�+��f events. The pointsare the data, the shaded histograms the Monte Carlo ontributions.The B0 lifetime is measured to be :�(B0) = 1:55 � 0:05 � 0:07 ps :The main systematis are due to the bakgrounds and the �z resolutionfuntion.The B0 and B� lifetimes have been also measured using less abundantbut fully exlusive B deay modes [3℄. The B mesons are reonstrutedusing D(�+)� D(�+)�, D(�+)a1 and J K� deay modes. There is only onebakground soure : the ombinatorial bakground whih is estimated fromthe side-bands of the beam energy substituted mass variable. The two propertime �ts are shown in �gure 2 and the results for an integrated luminosityof 7.4 fb�1 are given in Table I.These B lifetime measurements are in good agreement with the valuesfrom the PDG2000 [4℄.
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Fig. 2. �z distributions for the B0 (right) and harged B (left) andidates. Theresult of the lifetime �t is superimposed. The bakground is shown by the hatheddistributions. TABLE IMeasurements of the harged and neutral B mesons lifetimes using fully reon-struted deay modes. The dominant systematis are related to the MC statistisand the bakground modelling.�(B0) 1:506� 0:052� 0:029 ps�(B�) 1:602� 0:049� 0:035 ps�(B�)=�(B0) 1:065� 0:044� 0:021



1682 V. Shelkov2.1. �mBd measurementsThe � (4S) resonane deays oherently into a B0 B0 pair. One of thesetwo B mesons (let us take for example that the B0) deays at time t1, thenthe other one (the B0) starts to osillate and deays at time t2. If theseond B deays as a B0 the event will be named as mixed and the timebehaviour will follow a e�j�tj=� (1� os�mBd�t) law (�t = t1 � t2). Ifit deays as a B0 the event is alled unmixed and the time behaviour willfollow a e�j�tj=� (1 + os�mBd�t) law. The main ingredients for a �mBdmeasurement are:� to identify the �avour of one B (the one whih deays at t1) ,� to tag the �avour of the other B (the one whih deays at t2) ,� to measure the distane between the two verties in order to dedue�t .In the �rst analysis presented here the two B mesons are tagged by twoenergeti leptons. The performanes of the lepton identi�ation are given inTable II. TABLE IIE�ienies and misidenti�ation for the lepton used in the dilepton analysis.Lepton E�ieny Misidenti�ationeletron � 88% � :3%muon � 75% � 3%The bakground oming from seondary leptons (b! ! `) is reduedby the use of a Neural Network based on 5 disriminating variables (the twoleptons momentum in the � (4S) rest frame, the total energy in the event,the missing momentum and the angle between the 2 leptons). The �mBdextration is performed by a binned maximum likelihood �t on the asym-metry between like and unlike sign events. The �t is simultaneously donefor �mBd , the sample omposition (the B� ontribution) and the mistagfration (and its time dependene). The data and the �t are shown in�gure 3. With an integrated luminosity of 7.4 fb, �mBd is measured to beequal to [5℄ : �mBd = (0:507 � 0:015 � 0:022)~ ps�1 :The �mBd measurement using fully reonstruted B0 is in fat dividedinto two samples: the hadroni sample with a B0 reonstruted using D(�)�,D(�)�, D(�)a1 and J K�. With an integrated luminosity of 8.9 fb about 2600



Results on B Deays from BaBar 1683

Fig. 3. Distribution of the measured asymmetry between unlike sign (unmixed) andlike sign (mixed) events. Ignoring resolution e�ets it should follow a os(�mBd�t)law. The urve represents the result of the �t.andidates with a purity of about 86% are reonstruted. The bakgroundis of ombinatorial type and is estimated from the side bands of the beamenergy substituted mass variable. The other sample is B0 ! D�`�� whihallows to selet about 7500 andidates with a purity of roughly 70%.The �avor of the other B is tagged in the same way as desribed forsin2� analysis later in this note.An unbinned maximum likelihood �t is performed on the probabilitydistribution funtions for the mixed and unmixed events. It treats simul-taneously �mBd , the main parameters of the resolution funtion and themistag fration. The results are shown below [6℄:�mBd (had:) = (0:516 � 0:031 � 0:018)~ ps�1�mBd (semilep:) = (0:508 � 0:020 � 0:022)~ ps�1The ombined result is :�mBd = (0:512 � 0:017 � 0:022)~ ps�1 :The main systematis are due to the �t resolution funtion, the MCstatistis and the B� ! D�X`�� bakground for the semileptoni sample.The various�mBd measurements are in agreement with the PDG2000 [4℄.



1684 V. Shelkov3. Overview of the sin2� analysis3.1. Event seletionThe sample used for the analysis is 9.8 fb�1 of data reorded betweenJanuary and July 2000 of whih 0.8 fb�1 was reorded 40 MeV below the� (4S) resonane. Partile identi�ation uses mainly the CsI alorimeter foreletrons, the Instrumented Flux Return for muons and the DIRC for kaons.Extra information is provided by dE=dx measured in the traking system.The seletion for the CP events proeeds as follows. Pairs of eletrons ormuons oming from a ommon vertex are ombined to form J= and  0andidates. The  0 is also reonstruted from its deay into J= �+��. TheKS andidates are made from either a pair of harged traks or a pair of�0 andidates. In addition there are various event shape and topologialuts designed to redue ontinuum and BB bakground. Full details of theseletion an be found in [10℄. The �nal event sample is shown in �gure 4.
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Fig. 4. CP signal event distributions for J= KS(�+��) (left), J= KS(�0�0)(right) and  0 KS(�+��) (low).



Results on B Deays from BaBar 1685There are two other B deay samples. One onsists of fully reonstrutedsemileptoni (B0!D��l+�l) and hadroni (B0!D(�)��+;D(�)��+;D(�)�a+1)deays as well as a ontrol sample of B+ ! D(�)0�+ events. The se-letion of this sample is desribed in [11℄ and [12℄. The other is a har-monium ontrol sample ontaining fully reonstruted neutral or hargedB andidates in two-body deay modes with a J= in the �nal state (e.g.B+ ! J= K+; B0 ! J= K�0(K�0 ! K+��)).3.2. Measuring �zThe time-dependent deay rate for the BCP is given byf�(�; �md; D sin 2�; t) = 14� e�� jtj [1�D sin 2� sin�mdt℄ ; (1)where the + or � sign indiates whether the Btag was tagged as a B0 or B0respetively. The dilution fator D is given by D = 1� 2w, where w is themistag fration (the probability that the Btag is identi�ed inorretly). Toaount for �nite detetor resolution, the time distribution must be onvo-luted with a resolution funtion:R(�z; â) = 2Xi=1 fi�ip2� e� (�z�Æi)22�2i ; (2)whih is just the sum of two Gaussians where the fi, Æi and �i are the nor-malisations, biases and widths of the distributions. In pratie two salefators S1 and S2 are introdued suh that �i = Si ��t where ��t is anevent-by-event alulated error on �t. They take aount of underestimat-ing the unertainty on �t due to e�ets suh as hard sattering and possibleunderestimation of the amount of material traversed by the partiles. Theresolution funtion parameters are obtained from a maximum likelihood �tto the hadroni B0 sample and are shown in Table III. The fw parameterrepresents the width of a third Gaussian omponent, inluded to aommo-date a small (�1%) fration of events whih have very large values of �z,mostly aused by vertex reonstrution problems. This Gaussian is unbiasedwith a �xed width of 8 ps. Further details an be found in [11℄.



1686 V. Shelkov TABLE IIIResolution funtion parameters. Those, labeled `from �t' are measured from dataand those marked `�xed' are determined from Monte Carlo.Parameter ValueÆ1 (ps) �0:20� 0:06 from �tS1 1:33� 0:14 from �tfw (%) 1:6� 0:6 from �tf1 (%) 75 �xedÆ2 (ps) 0 �xedS2 2:1 �xed3.3. B �avour taggingEah event with a CP andidate is assigned a B0 or B0 tag if it sat-is�es the riteria for one of the several tagging ategories. The �gure ofmerit for eah tagging ategory is the e�etive tagging e�ieny Qi = "i(1 � 2wi)2 where "i is the fration of events assigned to ategory i and wiis the probability of mis-tagging an event in this ategory. The statistialerror on sin2� is proportional to 1=pQ where Q = PiQi. There are �vetagging ategories: Eletron, Muon, Kaon, NT1 and NT2.The �rst three require the presene of a fast lepton and/or one or moreharged kaons in the event and depend on the orrelation between the hargeof a primary lepton or kaon and the �avour of the b quark. If an event isnot assigned to either the Eletron or Muon ategories, it is assigned to theKaon ategory if the sum of the harges of all the identi�ed kaons in theevent is di�erent from zero. If both lepton and kaon tags are available butinonsistent the event is rejeted from both ategories.NT1 and NT2 are ategories from a neural network algorithm, this ap-proah being motivated by the potential �avour-tagging power arried bynon-identi�ed leptons and kaons, orrelations between leptons and kaons andmore generally the momentum spetrum of harged partiles fromB meson deays. The output of the neural network tagger xNT an bemapped onto the interval [�1; 1℄ with xNT < 0 representing a B0 tag andxNT > 0 a B0 tag. Events with jxNTj > 0:5 are lassi�ed in the NT1 ate-gory and events with 0:2 < jxNTj < 0:5 in the NT2 ategory. Events withjxNTj < 0:2 are exluded from the �nal analysis sample.



Results on B Deays from BaBar 16873.4. Measurement of tagging performaneThe e�etive tagging e�ienies and mistag frations for all the ate-gories are measured from data using a maximum likelihood �t to the timedistributions of the B0 hadroni event sample. The proedure uses eventswhih have one B fully reonstruted in a �avour eigenstate mode. The tag-ging algorithms are then applied to the rest of the event, whih representsthe potential Btag. Events are lassi�ed as mixed or unmixed depending onwhether the Btag is tagged with the same or opposite �avour as the BCP .One an express the time-integrated fration of mixed events � as a funtionof the B0B0 mixing probability, � = �d+(1�2�d)w where �d = 12x2d=(1+x2d),with xd = �md=� . Thus an experimental value of the mistag fration wan be dedued from the data.A more aurate estimate of w omes from a time-dependent analysis ofthe fration of mixed events. The mixing probability is smallest at low �tso that this region is governed by the mistag fration. Figure 5 shows thefration of mixed events versus �t. The resultant tagging performanes areshown in Table IV.
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Fig. 5. The fration of mixed events as a funtion of j�tj for data events in thehadroni sample for neutral B mesons (full squares) and harged B mesons (openirles). The dot-dashed line at tut = 2:5 ps indiates the bin boundary for thetime-integrated single-bin method.



1688 V. Shelkov TABLE IVTagging performane as measured from data.Tagging ategory " (%) w (%) Q (%)Lepton 11:2� 0:5 9:6� 1:7� 1:3 7:3� 0:3Kaon 36:7� 0:9 19:7� 1:3� 1:1 13:5� 0:3NT1 11:7� 0:5 16:7� 2:2� 2:0 5:2� 0:2NT2 16:6� 0:6 33:1� 2:1� 2:1 1:9� 0:1all 76:7� 0:5 27:9� 0:53.5. Extrating sin2�A blind analysis tehnique was adopted for the extration of sin2� toeliminate possible experimenter bias. The tehnique hides both the resultof the likelihood �t and the visual CP asymmetry in the �t distribution.This method allows systemati studies to be performed while keeping thenumerial value of sin2� hidden.Possible systemati e�ets due to unertainty in the input parameters tothe �t, inomplete knowledge of the time resolution funtion, unertaintiesin the mistag frations and possible limitations in the analysis proedurewere all studied. Details an be found in [10℄. The systemati errors aresummarised in Table V. TABLE VSummary of systemati unertainties. The di�erent ontributions are added inquadrature. Soure of unertainty Error on sin2�unertainty on �0B 0.002unertainty on �md 0.015unertainty on �z resolution for CP sample 0.019unertainty on time-resolution bias for CP sample 0.047unertainty on measurement of mistag frations 0.053di�erent mistag frations for CP and non-CP samples 0.050di�erent mistag frations for B0 and B0 0.005bakground in CP sample 0.015total systemati error 0.091



Results on B Deays from BaBar 16893.6. Results and heksThe maximum likelihood �t for sin2�, using the full tagged sample of120 B0 ! J= K0S and B0 !  0K0S events yields:sin2� = 0:12 � 0:37 (stat) � 0:09 (syst) (preliminary): (3)The log likelihood is shown as a funtion of sin2� in �gure 6. The rawasymmetry as a funtion of �t is shown in �gure 7
BA BA R

Fig. 6. Variation of the log likelihood as a funtion of sin2�. The two horizontaldashed lines indiate hanges in the log-likelihood orresponding to one and twostatistial standard deviations.
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PreliminaryFig. 7. The raw B0 � B0 asymmetry (NB0 � NB0)=(NB0 + NB0). The time-dependent asymmetry is represented by a solid urve for the entral value of sin2�,and by two dotted urves for the values at plus and minus one statistial standarddeviation from the entral value. The urves are not entered at (0,0) beause theCP sample ontains an unequal number of B0 and B0 events (70 B0 versus 50 B0).The �2 between the binned asymmetry and the result of the maximum likelihood�t is 9.2 for 7 degrees of freedom.



1690 V. ShelkovThe probability of obtaining a statistial unertainty of 0.37 is estimatedby generating a large number of toy Monte Carlo experiments with thesame number of tagged CP events as in the data sample. The errors aredistributed around 0.32 with a standard deviation of 0.03, meaning that theprobability of obtaining a larger statistial error that the one observed is5%. From a large number of full Monte Carlo simulated experiments, weestimate that the probability of �nding a lower value of the likelihood thanthe one observed is 20%.Several ross-heks are performed to validate the main analysis. Theharmonium and fully-reonstruted hadroni ontrol samples are omposedof events that should exhibit no time-dependent asymmetry. These eventsare �tted in the same way as the signal CP events to extrat an �apparentCP asymmetry�. The results are shown in Table VI. TABLE VISummary of systemati unertainties. The di�erent ontributions are added inquadrature. Sample Apparent CP asymmetryHadroni harged B deays 0:03� 0:07Hadroni neutral B deays �0:01� 0:08J= K+ 0:13� 0:14J= K�0(K�0 ! K+��) 0:49� 0:264. Results for h+h� modesWe selet B0 ! h+h� andidates satisfying 5:22 < mES < 5:3 GeV=2 andj�Ej < 0:420 GeV. No expliit partile identi�ation is required and thepion mass hypothesis is assumed for both traks. We require jos �S j < 0:9and onstrut a Fisher disriminant F from nine variables desribing themomentum �ow of harged and neutral partiles around the B andidatethrust axis.Signal yields in all three modes are determined simultaneously from anunbinned maximum likelihood �t inorporating mES, �E, F , and the mea-sured � for eah trak. A sample of D�-tagged D0 ! K+�� deays is usedto parameterise the � distributions for pion and kaon traks as a funtion ofmomentum. The K=� separation varies from 2 to 8� aross the relevant mo-mentum range. All andidates in the region �0:200 < �E < 0:140 GeV areinluded in the �t. We �nd signal yields of N(��) = 29+8�7, N(K�) = 38+9�8,and N(KK) = 7+5�4. As a ross-hek we perform a ut-based analysis re-quiring a tighter ut on os �S and additional uts on os �B and F . Signal
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1692 V. Shelkovthe ut-based analysis. The results are summarised in the upper setion ofTable VII. For the KK mode we alulate the 90% on�dene level upperlimit. The dominant systemati errors are due to traking e�ieny and theshapes of the �E and F distributions. TABLE VIIBranhing fration results. Signal yields (NS) for the h+h� modes are determinedfrom a likelihood �t, the rest are obtained by a diret bakground subtration.E�ienies (") inlude intermediate branhing frations.Mode NS Stat. Sig. (�) "(%) B (10�6)B0 ! �+�� 29+8�7+3�4 5.7 35 9:3+2:6�2:3+1:2�1:4B0 ! K+�� 38+9�8+3�5 6.7 35 12:5+3:0�2:6+1:3�1:7B0 ! K+K� 7+5�4 (< 15) 2.1 35 < 6:6B+ ! K�0�+ 10:2� 4:8 2.4 10 < 28B+ ! �0K+ 10:7� 5:1 2.2 10 < 29B+ ! K+���+ 16:3� 5:8 3.2 6 < 54B+ ! �0�+ 24:9� 8:2 3.3 12 < 39B+ ! �+���+ 5:4� 5:7 0.7 8 < 22B0 ! ���+ 35:5� 9:8 4.5 8 49� 13+6�5B+ ! �0K+ 12:1� 3:7 5.3 3 62� 18� 8B0 ! �0K0 1:4� 1:4 1.1 0:6 < 112B+ ! !h+ 5:9� 3:6 1.7 7:5 < 24B0 ! !K0 �0:8� 0:0 0.0 2 < 145. Results for three-body modesWe searh for resonant three-body deays by ombining a � orK�0 resonanewith a harged pion or kaon. Kaons are required to be positively identi�edusing dE=dx and � information, while traks not identi�ed as kaons areassumed to be pions. We veto any ombination onsistent with the deayD0 ! K��+. The seletion riteria onsist of optimised uts on os �T,resonane mass, and the angle between the resonane daughters and theB andidate momentum alulated in the rest frame of the vetor meson.We also expliitly searh for non-resonant K+���+ and �+���+ deaysby removing all K� and �� ombinations with invariant mass less than2GeV/2, and all three-body ombinations onsistent with the deay B+ !J= K+.We de�ne a signal region within 6MeV=2 of the B mass in mES and�70MeV in �E. The signal yield is determined by diret bakground sub-tration, where the bakground in the signal region is estimated from thenumber of events in the region 5:2 < mES < 5:27GeV/2. This methodis ross-heked using o�-resonane data. The results are summarised inthe middle setion of Table VII. The dominant systemati errors are due totraking e�ieny, �0 e�ieny, and the bakground subtration tehnique.



Results on B Deays from BaBar 16936. Results for modes with �0 or !We searh for the modes �0K+, �0K0S , !h+, and !K0S . For �0K the kaonis positively identi�ed, while for !h+ the harged hadron is assumed to be apion and the �E signal window is inreased (�0:113 < �E < 0:070 GeV) totake into aount the resulting shift in energy when the mass is mis-assigned.The angle between the deay plane of the ! daughters and the B diretionin the ! rest frame is used to redue ombinatori bakground. We requirejos �Tj < 0:9 and optimise with respet to F . Signal yields are determinedby bakground subtration, where the bakground is determined from o�-resonane data. The results are summarised in the lower third of Table VII.The dominant systemati errors are the same as in the three-body analysis.7. ConlusionsA preliminary measurements of B0B0 mixing, sin2� and results for someharmless deays by BaBar has been presented.REFERENCES[1℄ G. Siolla, First results from BaBar, 2000 CP Physis Conferene, Ferrara,September 2000.[2℄ BaBar Collaboration, SLAC-PUB-8531.[3℄ BaBar Collaboration, SLAC-PUB-8529.[4℄ D.E. Groom et al., Eur. Phys. J. C15, 1 (2000).[5℄ BaBar Collaboration, SLAC-PUB-8532.[6℄ BaBar Collaboration, SLAC-PUB-8530.[7℄ BaBar Collaboration, SLAC-PUB-8535.[8℄ BaBar Collaboration, Detetor Upgrades,http://www.sla.stanford.edu/BFROOT/www/Detetor/Upgrades/FINALREPORT.pdf[9℄ M. Verderi [BABAR Collaboration℄, hep-ex/0010076.[10℄ D. G. Hitlin [BABAR Collaboration℄, in hep-ex/0011024.[11℄ B. Aubert et al. [BABAR Collaboration℄, deays,� hep-ex/0008052.[12℄ B. Aubert et al. [BABAR Collaboration℄, hep-ex/0008060.[13℄ P. F. Harrison, H. R. Quinn [BABAR Collaboration℄, SLAC-R-0504 (setion14 and referenes therein) Papers from Workshop on Physis at an Asymmet-ri B Fatory (BaBar Collaboration Meeting), Rome, Italy, 11-14 Nov 1996,Prineton, NJ, 17-20 Mar 1997, Orsay, Frane, 16-19 Jun 1997 and Pasadena,CA, 22-24 September 1997.[14℄ BaBar Collaboration, SLAC-PUB-8540.
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