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1 IntroductionThis document reports our e�orts to fully reconstruct B meson decays into a variety ofchannels containing a D�+, D�0, D+, or D0 and a ��, ��, or a�1 . These are the dominantmodes leading to open charm in the �nal state, all being governed by a tree-level diagramwith an external W� emerging as the light hadron state.The purpose of reconstructing B decays in these modes is two-fold:� Provide a large sample of � (4S) events where one reconstructed B gives a clean tag ofthe state of the recoil B in the event, with a purity of around 90% or better. Such asample will be used in studies of B lifetimes, B0 mixing, and as a means of determining,from the data itself, the e�ective tagging e�ciency through use of information aboutthe decay products of the recoil B. These studies are described elsewhere.� Provide a new measurement of the absolute branching ratios for the primary B decaychannels, as well as the relative branching ratios for a large variety of related modes.Eventually, given the large data sample being accumulated by BABAR, we should beable to undertake a thorough study of the resonant substructure for many of thesedecays, including production of excited charm states.The channels currently under study are listed in Table 1. 1 The D�+ is reconstructedin the mode D0�+, while for the D�0 we use both D0�0 and D0. The D0 is found in themodes K��+, K��+�0, K0S�+��, and K��+�+��. For the D+, the channels K��+�+ andK0S�+ are included. B candidate reconstruction is based on standard selection techniquesand background suppression methods, implemented using Composition Tools. The dataused for the current study was obtained using the BABAR detector, operating in the PEP-IIstorage ring at energies near ps = 10:58 GeV. They constitute a sample equivalent to 3.8fb�1 recorded over the period February 28 to May 3, 2000.B ModeB0 ! D�+��B0 ! D�+��B0 ! D�+a�1B0 ! D+��B0 ! D+��B0 ! D+a�1B� ! D�0��B� ! D0��Table 1: B decay channels examined in this analysis.This report is organized as follows: Section 2 will describe the data and Monte Carlosamples and the event pre-selection techniques, Section 3 will provide a detailed description1Here, and throughout this document, we use the convention that a particular candidate state also impliesthe charge conjugate state is included. 3



of the �nal candidate selection requirements, Section 4 will summarize the observed signals inB0 channels, Section 5 will do the same for B+ modes, Section 6 will describe the additionalrequirements, systematic error studies, and cross checks employed to extract a result forthe absolute branching ratios in the modes B0 ! D�+�� and B0 ! D�+��, and Section7 will draw conclusions. The present version of this report is a snapshot of the analysisbased on a preliminary sample of the full dataset. Many additional studies and Monte Carlocomparisons are planned for the next iteration, which will be based on the full Osaka sample.2 Data Sample and Pre-Selection Criteria2.1 Data SamplesThis section describes the data samples used for this selection and to study backgrounds, aswell as the Monte Carlo event samples used to study and optimize the selection. The datasample is referred to as the \enlarged Elba" sample since it was originally de�ned for theElba Collaboration meeting (May 28{31).2.1.1 Good Run Criteria\Good runs" are selected using the following information recorded in the electronic logbookand OPR book-keeping database [9]:� the run type should be \Colliding Beams",� all subdetectors should be \on",� the global data quality entered by the Data-Quality shift taker should be \good",� the recorded luminosity should be non-zero, and� the OPR processing status should be \done".Some further checks are made on the self consistency of the electronic logbook informationfor a run, and by checking some OPR monitoring plots (by hand for now).2.1.2 Elba Data SampleThe enlarged Elba data sample consists of 592 runs2 in the range 12118{13091, for a totalintegrated luminosity of about 3.8 fb�1. This sample is not homogeneous, but can be dividedinto a few reasonably homogeneous sub-samples. The main e�ects to consider are the centerof mass energy and the quality of the silicon vertex detector's (SVT) internal alignment.Table 2 summarizes the main statistics for each sub-sample. Figure 1 shows the run-by-runo�sets of the center of mass energy relative to the average values for each sub-sample givenin Table 2.2Runs 13084 and 13086 were in the original sample de�nition and then later discovered to be bad. Theyare not included here. 4



Set Recorded Run Range Int.Lumi. Avg. �ps1 Feb 28{Mar 19 12118{12417 954 pb�1 +5.0 MeV2 Mar 20{Apr 7 12419{12680 1277 pb�1 +5.0 MeV3 Apr 8{Apr 11 12683{12722 285 pb�1 -37.1 MeV4 Apr 12{Apr 20 12747{12873 682 pb�1 +0.0 MeV5 Apr 20{May 3 12874{13091 883 pb�1 -0.1 MeV4081 pb�1Table 2: Summary statistics for the sub-samples of the enlarged Elba dataset. Dates are allin the year 2000. Only good runs in the run ranges are included. Average center of massenergies are calculated from the PEP-II beam energies, relative to the nominal � (4S) massof 10.580 GeV=c2.2.1.3 Changes to the Reconstruction CodeThe runs in the enlarged Elba sample were processed in OPR by �ve di�erent releases,as shown in Table 3. For the purposes of this selection, the only signi�cant changes wereintroduced in release P8.6.3a [11]:� �xes to splitting clusters with closely spaced calorimeter bumps (less than about 15cm),� track-bump matching is now done without any energy cuto� (in earlier releases, alllow-energy bumps would be neutral), and� loosen momentum cuts for �0 lists and tighten the �0 mass window.The changes to the �0 selection do not a�ect this data sample since the most recent cuts(those in P8.6.3a) were applied in making the ntuples for the full Elba sample.Release Runs On Peak O� PeakP8.6.1,a,b 179 954 pb�1 0 pb�1P8.6.2a 26 204 pb�1 0 pb�1P8.6.2b 107 832 pb�1 0 pb�1P8.6.2d 199 1317 pb�1 285 pb�1P8.6.3a 81 488 pb�1 0 pb�1Table 3: Releases of OPR used to process the enlarged Elba event sample.Some of the plots in this note refer to a typical run: we choose run 12917 from sub-sample5. Table 4 summarizes the main parameters of this run.2.1.4 Monte Carlo SamplesThe Monte Carlo samples used in this report are taken from productions based on thereleases 8.6.2d and 8.6.3a. The background events provided for these samples correspond5
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Figure 1: Run by run o�sets of the center of mass energy calculated from the PEP-II beamenergies relative to the average center of mass energies for each Elba sub-sample given inTable 2. Vertical dashed lines show the boundaries between each Elba sub-sample.to February and March 2000 conditions respectively. The main de�ciencies in the detectorsimulation are in the area of Drift Chamber single cell e�ciencies and tracking performance.The 8.6.2d release used a nominal 95% single cell e�ciency. Proper modeling of the deadregions in the chamber was implemented with 8.6.3a. However, the number of active hits ontrack is not a good match to that observed in the reconstruction of � (4S) data, nor is theoverall Drift Chamber tracking ine�ciency well reproduced. Discrepancies in the predictede�ciencies at the level of 5-10% per track should be anticipated, with a strong dependenceon the polar angle observed in data but not Monte Carlo. These discrepancies will be underbetter control in the upcoming 8.6.4b Monte Carlo production.HER Energy 8.9711 GeVLER Energy 3.1193 GeVCM Energy 10.580 GeVIntegrated Luminosity 12.7 pb�1isPhysicsEvents 199,648Dstarlnu Events 10,386Flagging Rate 5:20� 0:05%Table 4: Parameters of the typical run 12917, recorded from 8:06{11:06am on April 23, 2000.6



2.2 Event Pre-SelectionPre-selection starts from events assigned to the isPhysicsEvents stream in online prompt re-construction (OPR). This stream includes events assigned to any of the physics sub-streamsby the background �lter (BGF). We do not make any explict requirement that events be-long to the BGFMultiHadron sub-stream, but in practice, our requirements on charged trackmultiplicity and event shape are tighter than those for the BGFMultiHadron list (3 or moretracks, R2 < 0:98). One subtlety to consider is that the track de�nition used by the back-ground �lter is not strictly looser than the de�nitions used in analysis, because it is basedonly on drift chamber information.2.2.1 Reconstruction ListsThe particles observed in the detector from the decay modes used in this selection are K�,��, e�, ��, and . The basic objects corresponding to these particles and reconstructed inthe detector are organized into the following lists, according to whether they are charged orneutral [10]:� ChargedTracks: All tracks reconstructed in the drift chamber and/or the vertex detec-tor, with parameters determined using a ��mass hypothesis.� GoodTracksVeryLoose: A subset of the ChargedTracks list containing tracks with:1. a maximum momentum measured in the lab frame of 10 GeV=c, and2. a distance of closest approach to the per-run nominal beam spot centroid ofp�x2 +�y2 < 1:5 cm, and j�zj < 10 cm.� GoodTracksLoose: A subset of the ChargedTracks list containing tracks with:1. a minimum transverse momentum of 100 MeV=c, and2. at least 20 hits recorded in the drift chamber, out of a possible maximum of 40hits for tracks perpendicular to the beam pipe.� GoodTracksTight: A subset of the GoodTracksLoose list containing tracks with:1. a tighter distance of closest approach requirement of p�x2 +�y2 < 1 cm, andj�zj < 3 cm.� CalorNeutral: All \bumps" (local maxima of calorimeter energy deposit) not matchedwith any track, with parameters determined using a photon mass hypothesis.Figure 2 compares some inclusive charged-track distributions for the successively tigher trackrequirements. Figure 3 shows similar distributions for neutral calorimeter bumps.
7
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Figure 2: Distributions of (a) total momentum, (b) transverse momentum, (c) cosine of polarangle, and (d) azimuthal angle (all measured in the lab frame) for the charged track lists:GoodTracks, GoodTracksVeryLoose, GoodTracksLoose, GoodTracksTight. The plots are madefrom a typical run (number 12917) and normalized to display tracks/isPhysicsEvent/bin.The cut R2 < 0:45 has been applied in these plots.
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Figure 3: Distributions of (a) total energy, (b) cosine of polar angle, (c) azimuthal angles, and(d) a scatter plot of polar versus azimuthal angle for the neutral calorimeter bumps in theCalorNeutral list. The plots are made from a typical run (number 12917) and normalized todisplay bumps/isPhysicsEvent/bin. The cut 0 < R2 < 0:45 has been applied in these plots.The dashed histogram in (a) shows energy spectrum without excluding R2 = 0.
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2.2.2 Composition ListsThe composite particles used in this selection are: �0, K0S , �0, �+, D0, D+, D�0 and D�+. Weidentify candidates for each of these composites by combining entries in the reconstructionlists, and possibly other composite lists, and requiring that the resulting combinations passloose kinematic cuts (applied to four-vector sums, without any re�tting to include geometricor kinematic constraints). Table 5 summarizes the di�erent decay modes represented by thecomposite lists used in this selection.Decay Mode Parent Mass Branching[MeV=c2] Ratio [%]D�+ ! D0�+ 2009.93 68.3%D�+ ! D+�0 30.6%D�0 ! D0�0 2006.7 61.9%D�0 ! D0 38.1%D0 ! K��+ 1864.51 3.91%D0 ! K��+�0 13.07%D0 ! K��+�+�� 8.5%D0 ! K0S�+�� 2.7%D+ ! K��+�+ 1869.3 9.0%D+ ! K0S�+ 1.45%�+ ! �+�0 770 100.0%�0 ! �+�� 770 100.0%K0S ! �+�� 497.67 68.61%�0 !  134.976 98.8%Table 5: Decay modes represented in the composition lists which are used by this eventselection. The mass values and branching ratios are those used in the Monte Carlo, whichare consistent with Reference [1]. For the states which proceed via intermediate resonances(D0 ! K��+�0, D0 ! K0S�+��, D0 ! K��+�+�� and D+ ! K��+�+) the branchingratios are summed over resonant and non-resonant contributions in the Monte Carlo, andinclude intermediate branching ratio factors for resonance decay into the �nal state shownin the table.Pi0Loose and Pi0DefaultMass ListsThe �0 candidates used in this selection are collected into a pi0DefaultMass list, whichis re�tted from a pi0Loose list with �0 mass constraint. The pi0Loose list combines pairs ofentries in the CalorNeutral list with:1. both bumps having a minimum energy of 30 MeV, and the sum of their energies beingat least 200 MeV,2. a pair invariant mass in the range of 90{170 MeV=c2, computed at the detector originand assuming both entries are photons, and10



3. both bumps having a lateral shower shape consistent with the expected pattern ofenergy deposits for an electromagnetic shower, as determined by a cut of LAT < 0:8.Figure 4 shows the invariant mass and energy distribution for entries in the pi0Loose list and�2 probability of mass-constraint �t in pi0DefaultMass list for a typical run. The energy andmomenta of �0 candidates in this list are recalculated with a constraint on the �0 mass (usingthe value in Table 5) calculated at the nominal per-run beam spot position. This re�ttingtechnique improves the energy resolution of the �0 candidates from 3.0% to 2.5% [3]. About80% of all �0's produced in generic Monte Carlo have both photons within the calorimeter'sgeometrical acceptance[3]. The fraction of �0's within the acceptance which are included inthe pi0DefaultMass list varies with �0 energy: it is 65-70% from 0.5{2.0 GeV, and then fallslinearly down to 25% at about 5 GeV due to a large fraction of overlapping showers [3].Thus, for the B decays studies reported here, we consider only �0 candidates formed fromseparated clusters, since there are few merged pions in the the available kinematic range.pi0SoftLoose ListSpecially selected �0 candidates are collected into a pi0SoftLoose list consisting of pairsof entries from the CalorNeutral list with:� both bumps having a minimum energy of 30 MeV,� a pair invariant mass in the range of 90{170 MeV=c2, computed at the detector originand assuming both entries are photons,� both bumps having a lateral shower shape consistent with the expected pattern ofenergy deposits for an electromagnetic shower, as determined by a cut of LAT < 0:8,and� the magnitude of the momentum sum of the pair is less than 450 MeV=c in the � (4S)frame.KsLoose ListThe K0S candidates used in this selection are collected into a KsLoose list consisting ofpairs of ChargedTrack entries with an invariant mass (computed from the vertex for the twotracks obtained in one iteration of the VtxLeastChi2Vertex algorithm) in the range of 462{534 MeV=c2. Figure 5 shows the invariant mass and energy distributions of K0S candidatesin this list for a typical run. The average e�ciency for K0S's produced in generic BB decayswith momenta greater than ?? GeV=c to be selected in the KsLoose list is estimated to be??% from Monte Carlo [2].D0Default ListThe D0 candidates used in this selection are reconstructed in several modes (see Table 5)and collected into a single D0Default list. The following cuts are applied for each mode:� D0 ! K��+: pairs of entries in the GoodTracksLoose list having an invariant masswithin �45 MeV=c2 of the nominal D0 mass.11
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Figure 4: Distributions of (a) invariant mass, (b) total energy for pairs of neutral calorimeterclusters found in the pi0Loose list, (c) mass-constraint �t �2 probability in the pi0DefaultMasslist, and (d) a scatter plot of energies comparison from a typical run (number 12917). Theplots are normalized to show entries/isPhysicsEvent/bin.
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� D+ ! K��+�+: three entries in the GoodTracksLoose list having an invariant masswithin �45 MeV=c2 of the nominal D+ mass; and� D+ ! K0S�+: an entry in the KsLoose list and combined with an entry in the Good-TracksLoose list having an invariant mass within �45 MeV=c2 of the nominalD+ mass.In addition, all D+ candidates must have momentum in the � (4S) frame greater than 1.3GeV=c. All invariant masses are calculated with respect to the geometric vertex of thedecay-product tracks. The nominal D+ mass is given in Table 5.DstarDefault ListD�+ candidates in the mode D0�+ are reconstructed as combinations of an entry in theD0Default list and an entry in the GoodTracksVeryLoose list (\soft pion"). Combinationspassing the following cuts are added to a DstarDefault list:� a maximum �+ momentum of 450 MeV=c in the � (4S) frame,� an invariant mass within 500 MeV=c2 of the nominal D�+ mass (see Table 5), and� a mass di�erence, �m � m(D0�+)�m(D0), in the range 130{160 MeV=c2.� `right-sign' correlation between the charge of the soft pion and the kaon from the D0decay, where applicableDstar0Default ListD�0 candidates in the mode D0�0 are reconstructed as combinations of an entry in theD0Default list and an entry in the pi0SoftLoose list (\soft pion"). Combinations passing thefollowing cuts are added to a Dstar0Default list:� �0 momentum less than 450 MeV=c in the � (4S) frame� an invariant mass within 500 MeV=c2 of the nominal D�0 mass (see Table 5), and� a mass di�erence, �m � m(D0�0)�m(D0), in the range 130{160 MeV=c2.D�0 candidates in the mode D0 are reconstructed as combinations of an entry in theD0Default list and an entry in the CalorNeutral list. Combinations passing the followingcuts are added to a Dstar0Default list:� photon lab energy greater than 100 MeV, and less than 450 MeV in the � (4S) frame� an invariant mass within 500 MeV=c2 of the nominal D�0 mass (see Table 5), and� a mass di�erence, �m � m(D0�0)�m(D0), in the range 120{170 MeV=c2.rho ListsOppositely charged tracks from the GoodTracksLoose list that lie within �160 MeV=c2of the nominal �0 mass are collected on the rho0Default list. The �+ list rhoCDefault is a14



collection formed from paired entries on the GoodTracksLoose and pi0DefaultMass lists lyingwithin �160 MeV=c2 of the nominal �+ mass.a1CDefault ListCandidates for a+1 ! �0�+ are collected on the a1CDefault list, by combining entriesfrom the rho0Default and GoodTracksLoose lists. An invariant mass between 1.0 and 1.6GeV=c2 is required.2.2.3 B0 and B+ Skims Decay Mode BranchingRatio [10�3]B0 ! D���+ 2.7B0 ! D���+ 7.0B0 ! D��a+1 12.2B0 ! D��+ 3.0B0 ! D��+ 8.2B0 ! D�a+1 6.0B+ ! D�0�+ 5.0B+ ! D�0�+ 14.7B+ ! D�0a+1 18.3B+ ! D0�+ 4.8B+ ! D0�+ 13.2B+ ! D0a+1 4.2Table 6: B decay modes represented in the composition lists which are used by this eventselection. The branching ratios are those used in the Monte Carlo, which are consistent withReference [1].Common lists are constructed, B0ToDDtsarDefault for neutral B's and BchToDDstarDefaultfor charged B's, using the decay modes listed in Table reftable:Bmodes, for pairs of entriesfrom the DstarDefault, DcDefault, D0Default, or Dstar0Default lists and the GoodTrack-sloose, rhoCDefault, or a1CDefault lists, with the following additional requirements on theB candidate:� the energy-substituted mass lies in the range 5.15 to 5.35 GeV=c2, and� the reconstructed energy lies within �300 MeV of one-half the center-the-mass energy.A total of 64 separate tag bits are de�ned for each of the complete B decay chains. The�nal pre-selected datasets are based on the two composition lists, B0ToDDstarDefault andBchDdstarDefault, which are used as the basis for the allB0Tight and allBchTight skimsrespectively. 15



2.2.4 Ntuple ProductionNtuples for analysis are produced by running the BrecoUser program, reading events aggedwith the allB0Tight or allBchTight tag bit from a corresponding skim. Table 7 summarizesthe software versions that were used. The composition lists created when the tag bits is setare not stored in the event, so the ntuple creation job must recreate them. At this stage,various vertex �ts are performed, to create the ntuple output variables:� In selecting D0 and D+ candidates for B reconstruction, a single iteration vertexconstraint �t using GeoKin; in reconstructing the B parent, a combined mass andvertex constraint �t using GeoKin is applied to the D0 and D+;� All D�+ ! D0�+ candidates are re�tted with the beam-spot constraint to improve thesoft pion angle measurement, using a �xed vertical beam spot sigma of 45 �m; and� A vertex �t using GeoKin is applied to the �nal B candidate.Package Version TagBrecoUser fmv051400CompositionTools fmv051300CompositionSequences fmv051300cVtxFitter V00-01-37Table 7: Versions of the main packages used to create the Elba sample ntuples. Most otherpackages used the versions in the analysis-1 release.3 Reconstruction of B MesonsThe �nal B reconstruction studies discussed in this report are based on the ntuples createdfrom the skimmed samples allB0Tight and allBchTight. As described in section 2.2, thecomposition lists are used to select the candidates and to generate the variables containedin the skimmed ntuples. The �nal analysis uses only a subset of the 64 possible decaychains and frequently makes tighter �nal cuts. We will repeat here, in a physics languagemore appropriate for a �nal presentation, the selection requirements for the B decay modesincluded in this study. A tabular summary of the �nal cuts is also provided, organized ina way to show a comparison with the pre-selection cuts. If the `Final Analysis' column isblank in these comparisons, the cut is identical to the pre-selection. The additional cutsin the �nal selection are aimed at producing a result with a signal purity of around 90%,although further optimization in this direction is still required.3.1 Track SelectionFor most charged particles, we require the reconstructed track satisfy a minimal qualityselection (GoodTracksLoose list). In order to reduce contributions from beam gas and beam16



wall backgrounds, tracks are required to satisfy a loose requirement of having a distanceof closest approach within �10 cm in z and 1.5 cm in radius of the average beam spotposition. The beam spot position is determined on a run-by-run basis. The transversemomentum is required to lie between 0.1 and 10 GeV=c. Finally, the particle is requiredto have penetrated the drift chamber, with at least 20 assigned hits. In the case of thesoft pion from the transition D�+ ! D0�+ or the daughters from a K0S decay (discussedbelow), these restrictions are removed, and any charged track is used (ChargedTrack list) inthe reconstruction. Criteria Skim Final AnalysisDefault Track GoodTrackLoosepT [0.1,10.] MeV=cd0 < 1:5 cmz0 < 10: cmnDCH > 20Soft Track ChargedTrackNo cutsTable 8: Summary of cuts for charge tracks (GoodTracksLoose and ChargedTracks list)3.2 Particle Identi�cationThe SMS particle selector is used to identify kaons in D0 and D+ reconstruction. It permitsto reject pions background in modes where it is needed to obtain a rough optimization ofS2=(S +B). 3All selectors use likelihoods calculated with information given by these three subdetectors:� Silicon Vertex Detector: measurement of dE=dX and the number of hits,� Drift Chamber: measurement of dE=dX and the number of hits,� DIRC: value of the Cerenkov angle and the number of photons.In B reconstruction to exclusive modes, two particular selectors are used:� The SMS \Not A Pion" selector is used most of the time. For this selection, if asubdetector gives no information, the particle is assumed to be a kaon for this detector.� The SMS \Tight" selector is used for modes with higher backgrounds such as B� !D�0��, D0 ! K��+�0 or D0 ! K��+���+. This algorithm requires that the likeli-hood calculated for the kaon hypothesis be greater than the pion and proton hypothe-ses. The e�ect of this selection on the decay mode B+ ! D�0�+, D0 ! K��+�0 canbe seen in Fig. 7.3A detailed optimization study is in progress. 17



Figure 7: E�ect of SMS \Tight" Selector on the reconstruction of the decay mode B� !D�0��, D0 ! K��+�0. Blank histogram: without any selection; colored histogram: SMS\Tight" selection required for the kaon in the decay D0 ! K��+�03.3 �0 ReconstructionThe �0 are formed by combining pairs of photon candidates taken from the CalorNeutrallist. The photon energy threshold is set at 30 MeV and a cut LAT < 0:8 is applied to rejectthe background. The reconstructed  mass is shown in Fig.8. The invariant mass of thephoton pair is required to be within �20 MeV=c2 of the nominal �0 mass. For those �0mesons produced by �+ ! �+�0 or D0 ! K��+�0, an additionnal cut, E > 200 MeV, isapplied to the �0 energy. For the �0 from D�0 ! D0�0, the �0 is required to have momentumless than 450 MeV=c in the � (4S) frame. The selection e�ciency, determined from genericBB events in SP3 Monte Carlo, increases from about 40% at threshold to 55% for �0's with2 GeV in energy. The variation in e�ciency as a function of the �0 energy is shown onFig. 8. Criteria Skim Final AnalysisDefault �0 pi0DefaultMassE() > 30 MeVE() > 200 MeVLAT < 0:8m() [90.,170.] MeV=c2 [115.,155.] MeV=c2Soft �0 pi0SoftLooseE�() < 450 MeV=cTable 9: Summary of cuts for �0 selection (pi0DefaultMass and pi0SoftLoose lists)18



Figure 8: The  mass distribution in the data for E(�0) > 300 MeV is shown on the left.The data points are overlaid with the result of a �t using a Novosibirsk function for thesignal plus a 2nd-order polynomial for the background. The vertical lines indicate the masswindow used to select �0 candidates. The �0 selection e�ciency as a function of the �0energy in shown on the right for generic BB events in the SP3 Monte Carlo.3.4 K0S ReconstructionThe K0S candidates are formed from pairs of oppositely charged tracks without restrictionson pT or distance of closest approach to the beam spot centroid (ChargedTrack list). A vertex�t is performed using GeoKin, where a �2 probability greater than 0.1% is required. Theinvariant mass computed at this vertex location is required to lie in with �36 MeV=c2 of thenominal K0S mass. The opening angle, �, between the ight directionand the momentumvector for the K0S candidate must be smaller than 200 mr. Finally, the transverse ightdistance from the primary vertex in the event, rxy, is required to be greater than 2 mm.The �+�� mass distribution for candidates passing these requirements is shown in Figure 9.The �tted mass is zzz, consistent with the nominal value. The resolution is observed to bezzz, in agreement with Monte Carlo estimates of zzz. The e�ciency for a K0S to satisfy theserequirements is shown in Figure 9. A mass constraint �t is applied to those K0S candidatespassing these requirements, for use in subsequent reconstruction of charm mesons.3.5 Charm Meson ReconstructionD0 CandidatesD0 candidates are reconstructed in the modes D0 ! K��+, D0 ! K��+�0, D0 !K��+���+, and D0 ! K0S�+��. We require that the daughter tracks used in the D0 !K��+ mode have a minumum momentum of 200 MeV=c. For D0 ! K��+�0 D0 !19



Figure 9: Distribution of �+�� invariant mass for K0S candidates, after cuts on the ightangle � and the transverse ight distance.Criteria Skim Final AnalysisDefault K0S KsLooseVertex Fitter VtxLeastChi2Vertex GeoKinm(�+��) m(K0S)� 36 MeV=c2�2 > 0:001� < 300 mrrxy > 2 mmTable 10: Summary of cuts for K0S selection (KsLoose list)K��+���+, and D0 ! K0S�+�� modes in channels other than B0 ! D�+�� and D�+��,the minimum charged track momentum is 150 MeV=c. Also, in these modes, we use theSMS \Not A Pion" particle selector to reject pion backgrounds for the kaon track in modeswhere background rejection is needed to obtain a rough optimization of S2=(S + B). D0candidates in the channels B0 ! D�+�� and D�+�� are required to have an invariant masswithin �2:5� of the �tted D0 mass in the inclusive D0 spectrum (Table 12) in the B candi-date sample. In all other cases, the D0 candidates are required to lie within �3�, calculatedon an event-per-event basis, of the nominal D0 mass. For D0 ! K��+�0 mode, we onlyreconstruct the dominant resonant mode D0 ! K��+, �+ ! �+�0 at this moment. This,the �+�0 invariant mass is required to lie within �150 MeV=c2 of the nominal � mass andthe angle between the �+ and K� in the �+�0 rest frame, ��K�, must satisfy j cos ��K�j > 0:4.However, this choice of cuts is not optimal, which would require maximizing S2=(S + B)based on the Dalitz distribution [13, 14]. All D0 candidates must have momentum greater20



than 1.3 GeV=c in the � (4S) frame. A vertex �t is performed using GeoKin, where a �2probability greater than 0.1% is required.Criteria Skim Final AnalysisDefault D0 D0DefaultVertex Fitter GeoKin GeoKin�2 > 0:001p�(D0) > 1:3 GeV=cD0 ! K��+m(K��+) m(D0)� 45 MeV=c2 �18 MeV=c2p(K�) > 100 MeV=c > 200 MeV=cp(�+) > 100 MeV=c > 200y MeV=c2D0 ! K��+�0m(K��+�0) m(D0)� 80 MeV=c2 �33:5 MeV=c2p(K�; ��) > 100 MeV=c > 150 MeV=cm(�+�0) m(�)� 150 MeV=c2j cos ��K�j > 0:4D0 ! K0S�+��m(K0S�+��) m(D0)� 80 MeV=c2 �33:5 MeV=c2p(��) > 100 MeV=c > 150 MeV=cD0 ! K��+�+��m(K��+�+��) m(D0)� 45 MeV=c2 �17 MeV=c2p(K�; ��) > 100 MeV=c > 150 MeV=cy For modes other than B0 ! D�+�� or D�+��Table 11: Summary of cuts for D0 selection (D0Default list)Mode mD (MeV=c2) �mD (MeV=c2)D0 ! K��+ 1863:1� 0:5 6:8� 0:6D0 ! K��+�0 1863:1� 1:4 11:5� 1:4D0 ! Ks���+ 1863:3� 1:0 8:1� 1:0D0 ! K��+���+ 1863:7� 0:5 6:2� 0:8Table 12: D0 �tted mass and widths.D+ CandidatesD+ candidates are reconstructed in the modesD+ ! K��+�+ andD+ ! K0S�+. We requirethat the kaon used in the K��+�+ mode have a minumum momentum of 200 MeV=c; thepions are required to have momentum greater than 150 MeV=c. For the K0S�+ mode, theminimum charged track momentum is 200 MeV=c. We also use the SMS \Not A Pion"particle selector to reject pion backgrounds for the kaon track in modes where backgroundrejection is needed to obtain a rough optimization of S2=(S+B). D+ candidates are required21



Figure 10: D0 candidates selected for D0 ! K��+, D0 ! K��+�0 D0 ! K0S�+��, andD0 ! K��+���+ modes in the AllB0Tight ntuples.
22



to have an invariant mass within �3�, calculated on an event-by-event basis, of the nominalD+ mass. All D+ candidates must have momentum greater than 1.3 GeV=c in the � (4S)frame. A vertex �t is performed using GeoKin, where a �2 probability greater than 0.1% isrequired. Criteria Skim Final AnalysisDefault D+ DchDefaultVertex Fitter GeoKin GeoKin�2 > 0:001p�(D+) > 1:3 GeV=cD+ ! K��+�+m(K��+�+) m(D+)� 45 MeV=c2 �3�yp(K�) > 100 MeV=c > 200 MeV=cp(�+) > 100 MeV=c > 150 MeV=cD+ ! K0S�+m(K0S�+) m(D0)� 45 MeV=c2 �3�yp(�+) > 100 MeV=c > 200 MeV=cy Calculated on an event-by-event basisTable 13: Summary of cuts for D+ selection (DchDefault list)D�+ CandidatesWe form D�+ candidates by combining the a D0 with a pion which has momentum greaterthan 70 MeV=c. GeoKin is used to perform a vertex �t for the D�+ using the constraint ofthe beam spot to improve the angular resolution for the soft pion. A �xed � = 40 �m is usedto model the beam spot spread in the vertical direction. The �t is required to converge, butno cut is applied on the proability of �2. After �tting, selected D�+ candidates are requiredhave �m within �2:5� of the measured nominal value. The width is taken to be a weightedaverage of the core and broad Gaussian distributions required to �t the �m distribution.D�+ candidates are also formed by combining the a D+ with a �0. The maximummomentum of the �0 in the � (4S) frame is 450 MeV=c. The D�+ candidates are requiredhave �m within �2:5� of the nominal mass-di�erence value.Criteria Skim Final AnalysisDefault D�+ DstarDefaultD�+ ! D+��Vertex Fitter GeoKin�2 convergencem(D0�+)�m(D0) [130,160] MeV=c2 �2:5� MeV=c2p�(�+) [70,450] MeV=cTable 14: Summary of cuts for D�+ selection (DstarDefault list)23



Figure 11: D+ ! K��+�+ candidates selected for in the AllB0Tight and AllBchTightntuples.D�0 CandidatesD�0 candidates are reconstructed by combining a selected D0 with a �0 having momentumless than 450 MeV=c in the � (4S) frame. Selected D�0 candidates are required to have �mwithin 4 MeV=c2 of the nominal value. The �m distribution, obtained from an inclusivesample of D0 ! K��+ decays, is shown in Fig. 14, for both a bb enriched (p�(D0) < 2:5GeV=c) and a cc enriched sample (p�(D0) > 2:5 GeV=c).Criteria Skim Final AnalysisDefault D�+ Dstar0DefaultD�0 ! D0�0m(D0�0)�m(D0) [130,160] MeV=c2 �4 MeV=c2p�(�0) [70,450] MeV=cD�0 ! D0m(D0)�m(D0) [120,170] MeV=c2 [130.,150.] MeV=c2Table 15: Summary of cuts for D�0 selection (Dstar0Default list)
24



Figure 12: Pull distributions in mass for candidates in the modes D0 ! K��+ (left) andD+ ! K��+�+ (right).
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Figure 13: Distribution of soft pion momentum in the � (4S) frame (left) and m(D�+��)�m(D0) mass distribution for D�+ candidates in the B0 ! D�+��, D0 ! K��+ mode. Dataincludes selected D�+ candidates for all modes included in the B0toDStarX ntuples. Unitsin both plots are GeV. Vertical lines indicate selection criteria3.6 B Candidate SelectionB meson candidates are obtained by combining a D or D� candidate, reconstructed asdescribed in section 3.5, with a �, � or a1 meson.The pion momentum spectrum for the two-body decay B0 ! D�+�� is shown in Fig. 1525



Figure 14: �m distribution for D�0 ! D0�0 decays, where p�(D0) < 2:5 GeV=c (left) andp�(D0) > 2:5 GeV=c(right)Mode �m ��m(MeV=c2) (MeV=c2)D�+ ! D0�+D0 ! K��+ 145.45 0.8D0 ! K��+�0 145.54 1.1D0 ! K0S�+�� 145.45 0.9D0 ! K��+�+�� 145.54 0.8D�0 ! D0�0 142.2 1.0D�0 ! D0 142.2 5.2Table 16: �m signal widths used for D� candidate selection.For this analysis, the pion is required to have momentum greater than 500 MeV=c. Noparticle identi�cation requirement is made for this track.For the B0 ! D�+�� mode, �+ candidates are formed by combining a �0 meson and acharged pion both with momentum greater than 200 MeV=c. We require the � momentumto be greater than 1 GeV=c, and the ���0 invariant mass to satisfy jm(���0)� 770j < 150MeV=c2. For the B0 ! D�+a�1 mode, the a�1 meson is selected by combining three chargedpions, where the invariant mass must lie in the range 1.0 to 1.6 MeV=c2. In addition, avertex constraint �t to the a�1 candidate is required to converge with �2 > 0:1%.In the case of a correctly reconstructed B meson produced by the decay of an � (4S),within the experimental resolution, the measured sum of neutral and charged energies, E�meas,must be equal to the beam energy, E�beam, both evaluated in the � (4S) frame. We de�ne26
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region are currently under study, both to demonstrate the appropriateness of our assumedbackground form and to better understand feeddown from other channels.We allow only one candidate per event to appear in the mES versus �E distribution.Several di�erent ways to choose the best candidate from among multiple candidates in thesame event have been explored. The criteria selected in the end is to consider only the entrywith the smallest absolute value for �E.3.7 Background RejectionThe background composition in our signal region has signi�cant contributions from bothother BB events and continuum, and depends on the decay mode. In B0 ! D�+��, forexample, a study of 2 fb�1 of generic BB shows the most signi�cant background to be fromcc events.To enrich the �nal sample with B signal and obtain a rough optimization of signal tobackground 4, we use two event shape techniques to reduce continuum background.First, each event is required to satisfy R2 < 0:5 where R2 is the ratio of the second Fox-Wolfram moment to the zeroth moment determined using charged tracks and unmatchedneutral showers in the � (4S) frame. This is designed to reject the jetlike continuum eventsover the more uniformly distributed � (4S) decays.
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Figure 16: cos �th vs. R2 for Monte Carlo signal samples for generic cc and B0 ! D�+��,D0 ! K��+. Although these variables are correlated, the thrust angle selection still hassigni�cant continuum background rejection power even after the R2 selection is applied.We further reduce backgrounds in some of the lower-purity modes by using a thrust-angle technique. The `thrust angle', �th, is de�ned as the angle between the thrust axis ofthe particles which form the reconstructed B candidate and the thrust axis of the remainingtracks and unmatched clusters in the event, computed in the � (4S) frame. The two axes are4A detailed optimization study is in progress. 28



almost completely uncorrelated in BB events, because the B mesons are almost at rest inthe � (4S) rest frame, and the distribution in j cos �thj given in Fig. 17 for the decay modeB0 ! D�+��, D0 ! K��+. In continuum events, which are more jetlike, the two thrustaxes tend to have small opening angles. Requiring j cos �thj < 0:8 typically removes aboutxx% of the continuum background while retaining 80% of the signal. The selection criteriaj cos �thj that depends on mode and is summarized in Table 17.Mode j cos �thj cutB0 ! D���+ No cutB0 ! D���+ No cutB0 ! D��a+1 No cutB0 ! D��+ < 0:9B0 ! D��+ < 0:8B0 ! D�a+1 < 0:7B+ ! D�0�+ < 0:9Table 17: Thrust angle cuts applied in the each B decay channel under study.
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3.8 Background FittingThe measurement of branching ratios, mixing and B lifetime require a good understanding ofthe shape of the background in the mES distribution. We expect the mES distribution fromthe �E sideband to provide important constraints about the background shape. However,this question is still under study both in data and Monte Carlo simulation. For the timebeing, we assume a background shape given by the ARGUS function, which parametrizeshow phase space approaches zero as the candidate energy approaches E�beam:fBG(x) = Nxp1� x2 exp(�(1� x2)) (3)where x = mES=E�beam, and the normalization and the shape are determined by the param-eters N and �. To determine the number of signal events from the mES distribution in the�E interval centered at zero, we make a �t using the ARGUS background function and aGaussian signal with free mass, mB, and width, �mES . For projections of the signal as afunction of �E a �t to the �E distribution is made using a linear background function plusa single Gaussian distribution with free mean and width, ��E.4 B0 Decay StudiesHere we provide tables of resolutions and yields for the B0 decay modes reconstructed.Additional selection criteria for branching ratio measurements are described in section 6.A sample plot showing the �E versus mES distribution for B0 ! D�+��, D0 ! K��+is given in Figure 18For each individual decay chain, the distribution of mES for j�E j < 3��E and �E forjmES �m0ESj < 3�mES is provided. The same plots are also shown summed over D0 or D+modes. These are shown as Figures 19 through 34The �t results for �mES and ��E in Monte Carlo and data are summarized in Table 18.The �tted numbers of events and estimated e�ciencies are shown in Table 19.The distribution of the thepolar angle, �B, between the B candidate momentum and theboost direction in the � (4S) frame is shown in Figure 36 for the sum of all B0 ! D�+��and B0 ! D�+�� channels. These show the expected sin2 �B distribution for the signal, butare at for candidates in the mES sideband.A number of problems are evident in the data and are under investigation:� Mean value of �E is shifted to negative values; this will be re-examined with the newdatabase energy values in the Osaka dataset.� Observed spread of signal in �E is greater than predicted; the prediction will bestudied with micro-level degradation of pT resolution to better match control samples;� Observed widths for mES are larger than expected in several decay chains, particularlythose in B0 ! D�+�� channel. This is under investigation.� There is also a discrepancy for B0 ! D�+�� between the �tted number of eventsobtained from the mES distribution versus that extracted from the �E �t, with thelatter always somewhat smaller. Further work on understanding the shape of the30



backgrounds in the two distributions will be required, using the �E sidebands andgeneric Monte Carlo.
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Figure 19: B0 ! D�+�� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 2:5��E (left), �E for jmES �mBj < 2:5�mES (right).
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Figure 20: B0 ! D�+�� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mESfor j�E j < 2:5��E (left), �E for jmES �mBj < 2:5�mES (right).
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Figure 21: All D0 modes for B0 ! D�+��; mES for j�E j < 3��E (left), �E for jmES �mBj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Figure 22: B0 ! D�+�� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 2:5��E (left), �E for jmES �mBj < 2:5�mES (right).
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Figure 23: B0 ! D�+�� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mESfor j�E j < 2:5��E (left), �E for jmES �mBj < 2:5�mES (right).
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Figure 24: All D0 modes for B0 ! D�+��; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Figure 25: B0 ! D�+a�1 for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 26: B0 ! D�+a�1 for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mESfor j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 27: All D0 modes for B0 ! D�+a�1 ; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Figure 28: B0 ! D�+a�1 for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 29: B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 30: All D+ modes for B0 ! D+��; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Figure 31: B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 32: All D+ modes for B0 ! D+��; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Figure 33: B0 ! D+a�1 for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 34: All D+ modes for B0 ! D+a�1 ; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal. The relative normalization of the subtraction assumes a at backgroundacross this full range of mES > 5:2 GeV=c2.
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Table 18: Observed and predicted resolution for �E and mES for B0 decay modes. In somecases, the �t results for individual decay chains su�er from inadequate statistics, particularlywithout full con�dence in Monte Carlo predictions for signal widths.B0 mode D mode ��E Data �E o�set ��E MC �mES Data �mES MC(MeV) (MeV) (MeV) (MeV) (MeV)D���+ K��+ 26:1� 4:2 �8:9� 3:6 13:2� 0:2 2:7� 0:2 2:48� 0:03K��+�0 29:5� 3:0 �7:4� 3:9 16:5� 0:7 2:7� 0:4 2:8� 0:2K0S�+�� 23:5� 3:4 �5:7� 4:8 14:2� 0:6 2:1� 0:6 2:5� 0:1K��+�+�� 21:8� 4:0 �4:6� 3:7 13:2� 0:6 2:8� 0:3 2:5� 0:1D���+ K��+ 39:0� 8:0 �3:5� 7:5 24:5� 1:8 3:2� 0:6 3:1� 0:1K��+�0 40:7� 15:4 �9:6� 8:0 30:8� 4:2 4:6� 0:7 3:4� 0:3K0S�+�� � � 24:6� 2:3 � 2:5� 0:2K��+�+�� 24:6� 5:0 �9:6� 4:5 25:0� 3:1 3:3� 0:4 2:7� 0:2D��a+1 K��+ 9:3� 1:7 �8:3� 2:3 9:2� 1:1 3:5� 0:9 2:7� 0:2K��+�0 15:5� 4:2 �5:0� 3:5 12:5� 2:6 � 2:2� 0:2K0S�+�� � � 9:2� 1:2 � 2:4� 0:3K��+�+�� 13:2� 3:0 �9:6� 3:4 8:0� 0:8 2:7� 1:1 2:1� 0:3D��+ K��+�+ 21:4� 2:0 �6:1� 2:2 12:5� 0:4 2:6� 0:2 2:4� 0:1K0�+ 20:7� 5:8 �5:2� 6:4 12:9� 0:4 2:5� 0:4 2:5� 0:1D��+ K��+�+ 31:4� 5:7 �5:9� 5:4 3:0� 0:4K0�+ � � �D�a+1 K��+�+ �K0�+ �
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Table 19: Observed and expected yields for B0 decay modes. In some cases, the �t results forindividual decay chains su�er from inadequate statistics, particularly without full con�dencein Monte Carlo predictions for signal widths.B0 mode D mode Observed Yield �(%) Expected YieldD���+ K��+ 74:7� 8:8 32:6� 0:6K��+�0 84:0� 11:3 10:2� 0:7K0S�+�� 14:3� 4:3 17:2� 0:9K��+�+�� 77:3� 9:8 16:7� 0:9D���+ K��+ 67:6� 11:5 14:6� 0:9K��+�0 88:1� 15:7 3:5� 0:4K0S�+�� � 6:4� 0:6K��+�+�� 74:0� 11:2 7:2� 0:6D��a+1 K��+ 28:7� 6:2 11:8� 1:0K��+�0 27:0� 6:5 3:7� 0:6K0S�+�� � 4:5� 0:6K��+�+�� 16:9� 6:0 4:9� 0:8D��+ K��+�+ 211:0� 15:9 33:2� 1:3K0�+ 25:9� 5:5 39:0� 0:2D��+ K��+�+ 102:2� 13:9 �K0�+ 14:5� 4:5 �D�a+1 K��+�+ � �K0�+ � �Total
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Figure 35: Combined distribution for mES from all hadronic B0 modes.
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Figure 36: Distribution of the polar angle of the B candidates in the � (4S) frame forB0 ! D�+�� (top) and B0 ! D�+�� (bottom) using all D0 modes, in the signal regionafter sideband subtraction (left) and in the sideband (right).51



5 B� DecaysHere we provide tables of resolutions and yields for the B0 decay modes reconstructed.Additional selection criteria for branching ratio measurements are described in section 6.For each individual decay chain, the distribution of mES for j�E j < 3��E and �E forjmES �m0ESj < 3�mES is provided. The same plots are also shown summed over D0 or D+modes. These are shown as Figures 37 through 34The �t results for �mES and ��E in Monte Carlo and data are summarized in Table 18.The �tted numbers of events and estimated e�ciencies are shown in Table 19.A number of problems are evident in the data and are under investigation:� Mean value of �E is shifted to negative values; this will be re-examined with the newdatabase energy values in the Osaka dataset;� Observed spread of signal in �E is greater than predicted; the prediction will bestudied with micro-level degradation of pT resolution to better match control samples;� Observed widths for mES are larger than expected in several decay chains, particularlythose in B0 ! D�+�� channel. This is under investigation.� There is a discrepancy between the �tted number of events obtained from the mESdistribution versus that extracted from the �E �t, with the latter always somewhatsmaller. Further work on understanding the shape of the backgrounds in the twodistributions will be required.
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Figure 37: B� ! D�0� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
53



Figure 38: B� ! D�0� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 39: All D0 modes for B� ! D�0��; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal.
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Figure 40: B� ! D0� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 41: B� ! D0� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mES forj�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right).
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Figure 42: All D0 modes for B� ! D0��; mES for j�E j < 3��E (left), �E for jmES �m0ESj < 3�mES (right). The �E distribution has been obtained after sideband subtraction,de�ning the region for mES between 5.20 and 5.270 GeV=c2 as sideband, and mES > 5:275GeV=c2 as signal.
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Table 20: Observed and predicted resolution for �E and mES for B� decay modes. In somecases, the �t results for individual decay chains su�er from inadequate statistics, particularlywithout full con�dence in Monte Carlo predictions for signal widths.B mode D mode ��E data �E o�set ��E mc �mES data �mES mcD�0�+ K��+ 21:4� 2:6 �6:4� 2:5 14:7� 0:5 3:0� 0:3 2:3� 0:1K��+�0 18:8� 3:3 �0:8� 3:0 19:6� 1:9 2:8� 0:2 2:3� 0:2K0S�+�� 13:2� 3:8 �0:6� 4:2 17:5� 1:3 4:1� 0:9 2:3� 0:2K��+�+�� 23:0� 2:6 �8:0� 2:4 13:7� 0:1 3:5� 0:1 2:2� 0:1D0�+ K��+ 20:5� 1:8 �5:3� 1:6 13:6� 0:4 2:8� 0:2 2:4� 0:1K��+�0 24:5� 3:1 �7:3� 2:9 14:8� 1:0 2:8� 0:2 2:5� 0:2K0S�+�� 23:9� 3:4 �11:3� 4:2 12:1� 0:4 3:4� 0:8 2:4� 0:2K��+�+�� 21:0� 1:7 �7:2� 2:2 13:1� 0:5 2:4� 0:2 2:4� 0:1Table 21: Observed and expected yields for B� decay modes.B+ mode D mode Observed Yield �(%) Expected YieldD�0�+ K��+ 166� 15 22:3� 1:1 �K��+�0 142� 14 10:6� 0:6 �K0S�+�� 24:8� 7:5 31:8� 0:5 �K��+�+�� 221� 19 18:5� 0:8 �D0�+ K��+ 286� 18 48:2� 1:6 �K��+�0 190� 17 10:6� 0:7 �K0S�+�� 43:5� 9:2 31:8� 1:3 �K��+�+�� 213� 17 18:5� 1:0 �
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Figure 43: Combined distribution for mES from all hadronic B� modes. In some cases, the�t results for individual decay chains su�er from inadequate statistics, particularly withoutfull con�dence in Monte Carlo predictions for signal widths.
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6 Branching Ratio Measurements6.1 Final Selections for Branching RatiosIn order to de�ne a candidate acceptance well-within the �ducial volume of BABAR, thepolar angle range of candidate tracks is restricted to 0:41 < � < 2:54. This also is theregion speci�ed by tracking e�ciency studies and the methods for optimal B counting [4].No particle identi�cation requirements are made, in order to eliminate dependence on PIDe�ciency determination. Finally, we restrict the measurement of absolute branching ratiosto the channels B0 ! D�+�� and B0 ! D�+��, where the D�+ is reconstructed in thechannel D0�+ and the D0 is seen only in K��+.The decay B0 ! D�+�� involves a pseudoscalar initial-state particle decaying into vectorand pseudoscalar, so that the �nal-state D�+ is polarized. Therefore, the angle �H(�S)between the soft pion direction and the D�+ boost direction in the D�+ rest frame, should bedistributed as cos2 �H(�S). In contrast, combinatorial background is uniformly in cos �H(�S).Therefore, for the B0 ! D�+�� mode, B meson candidates are selected with the additionalrequirement cos �H(�S) > 0:4. This cut removes 40% of the background and only 5% ofsignal events.
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Figure 44: Distribution of the helicity angle of the soft pion, cos �H(�S), from the decayB0 ! D�+��
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6.2 Systematic Studies6.2.1 B CountingWe use the B-counting prescription described in BABAR Analysis Document #30 for our Bproduction determination.We also use the same hadronic event seleciton as is used for B-counting wherever possible.We also automatically require at least 4 tracks per event, since both modes B0 ! D�+�� andB0 ! D�+�� have 4 tracks in the �nal state. For our tracklists, we use the GoodTracksLooselist, which has a requirement on the minimum number of Drift Chamber active hits on track.If we had exactly the same hadronic event selection, we could use the measurement ofthe total number of BB events which pass the selection for our B counting, which has asystematic error of 1:1%. Our hadronic event selection is not exactly the same as the selectionused by the B-counting group, because our Prompt Reconstruction tagbit de�nition uses theGoodTracksLoose and not ChargedTracks list. We therefore use the total number of producedBB events measurement, which has a systematic error of 1:7% [4].6.2.2 Tracking Reconstruction E�ciencyWe model the BABAR detector with a Monte Carlo simulation in order to determine thereconstruciton e�ciencies.The accuracy of our detector simulation for tracking is veri�ed in several ways. Our highmomentum charged particle track reconstruction e�ciency is measured using a track embed-ding technique. We select radiative Bhabha events using only Electromagnetic Calorimeterinformation to avoid any bias from tracking in the selection. The low-multiplicity high-momentum absolute e�ciency is determined by measuring the fraction of Bhabha tracksselected by the Calorimeter which are reconstructed as tracks [7].We then embed these Bhabha tracks into hadronic events and measure both how oftenthe radiative e� tracks are reconstructed and how often the hadronic tracks which had beenfound in the event before we embed the Bhabha tracks are not found after we embed.Low-momentum charged particle tracking e�ciency is measured using a technique whichexploits the D� decay angle distribution [6]. We parameterize the helicity angle distributionas a product of two factors. The �rst factor describes the e�ciency for reconstructing the slowpion from the D� decay as a function of the pion momentum. The second factor describesthe theoretical expectation for the distribution. We then simultaneously �t the helicitydistributions from an inclusive sample ofD� events for both the e�ciency and the parametersof the helicity distribution. This method allows us to extract the relative detection e�ciencyfor low-momentum charged tracks as a function of their pT in the lab.6.2.3 �0 Reconstruction E�ciencyThe �0 reconstruction e�ciency as modeled in our Monte Carlo simulation is veri�ed to beaccurate to within 5%.
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6.2.4 Cut Variation SystematicsEach of the cuts made in our B candidate selection is individually varied within a reasonablerange, in order to determine where there are systematic e�ects due to uncertainties in ourmodeling of the acceptance. The distribution of mES with the varied selection requirement is�t with the ARGUS function to account for the background and a single Gaussian distribu-tion for the B signal. The yield is acceptance corrected to produce a value for the branchingratio with the modi�ed selection criteria. Table 22 summarizes the observed variation of theextracted branching ratio, for each of the selection cuts.
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Table 22: For each selection criteria, we measure the e�ect of a reasonable variation ofthe requirement on our branching ratio measurement. The e�ciencies for this study wasestimated using a signal sample produced using the 8 .6.4b SP3 Monte Carlo sample. ThisMonte Carlo version includes recent improvements in the Drift Chamber e�ciency model.No momentum smearing or track killing was used.Selection Criteria Value Variation E�ciency Branching RatioChange (%) Change (%)D0 mass �2:5� �2:0� �1:59 �1:43�3:0� �0:57 +5:29�m �2:5� �2:0� �4:49 �0:66�3:0� +2:33 +0:09j cos �D�j > 0:4 > 0:35 1:62 +4:31> 0:45 �5:46 +4:01p(K) > 200 MeV > 300MeV 0:023 �0:022p(�D0) > 200 MeV > 300MeV �1:11 �0:44p(�soft) > 70 MeV > 80MeV �5:02 +4:86> 90MeV �10:46 +0:41�0 mass > 120 MeV > 100MeV XX> 130MeV XX< 150 MeV < 170MeV XX< 140MeV XXE() > 30 MeV > 50MeV XX> 70MeV XXlat() < 0:8 < 2:0 XX< 0:5 XXp(�+� ) > 100 MeV > 200MeV XX> 300MeV XXp(�0�) > 100 MeV > 200MeV XX> 300MeV XX�+ mass �150MeV �100MeV XX�200MeV XXR2 < 0:5 < 0:49 0:53 �1:20< 0:47 �4:83 1:84j cos �thj < 0:9 < 0:8 XX< 1:0 XX�E < �2:5� < �3:0� 0.623 +3:14< �2:25� �3:31 +4:386.2.5 Particle Identi�cationWe investigated the possibility of using kaon identi�cation to reject backgrounds in the D0decay. Varying from no kaon identi�cation to tight kaon identi�cation did not signi�cantlychange our signal to background ratio in the B0 ! D�+�� mode. We do see a bene�t when64



using the SMS \Not A Pion" selector to reject pion backgrounds in the B0 ! D�+�� modeand use it in our selection for the Elba data analysis; however, we will not use it in our �nalselection.6.2.6 Branching Ratio AssumptionsThe PDG compilation of measured branching ratios for the D�+ ! D0�+ and D0 ! K��+are listed in table 23. Decay Channel Branching SystematicRatio (%) Error (%)� (D�+ ! D0�+) 68:3� 1:4 2.0� (D0 ! K��+) 3:83� 0:09 2.3Table 23: Branching ratio assumptions for charm decays.The measurement errors on these branching rations is quoted as a separate systematicerror on our �nal result. We also assume the � (4S) decays into B0B0 pairs with a 50%fraction; no systematic error is assigned to this value.6.3 Branching RatiosWe have measured the branching ratios for the decays B0 ! D�+�� and B0 ! D�+��.6.4 Additional ChecksIn the �nal version of this analysis, we will produce the helicity distribution for the signalalone, and use the di�erence between the e�ciency corrected number of B decays in the for-ward and backward directions as a con�rmation of our understanding of tracking e�ciency.7 ConclusionsconclusionsReferences[1] \Review of Particle Properties", European Physical Journal C3, Number 1{4 (1998).[2] Charmonium AWG and Tracking Group, \Studies on K0S ! �+�� Reconstruction:Status Report", BaBar Analysis Document 019, Version 1 (2000).[3] Neutral Identi�cation and Reconstruction AWG, \Studies on �0 Reconstruction: StatusReport", BaBar Analysis Document 020, Version 1 (2000).65



[4] C.Hearty, \Hadronic Event Selection and B-Counting for Inclusive Charmonium Mea-surements", BABAR Analysis Document 30 (2000).[5] W.T.Ford, \Choice of Kinematic Variables in B Meson Reconstruction|Take 3",BABAR Analysis Document 53 (2000); �E is a Lorentz invariant, and could be cal-culated using lab frame 4-vectors.[6] O.Long, \Measurement of the slow pion relative e�ciency using helicity distributions",BABAR Analysis Document 54 (2000).[7] G.Raven, \Determination of the tracking e�ciency for high momentum tracks", BABARAnalysis Document 61 (2000).[8] J.Smith, A.So�er, and R.Waldi, \Recommendation for Exclsuive B ReconstructionAnalysis Variables", BABAR Note 497 (1999).[9] Philip Hart, \Elements of Selecting Good Runs",http://www.slac.stanford.edu/~philiph/rqm/7mar.pdf (2000).[10] http://www.slac.stanford.edu/BFROOT/www/doc/workbook/nanomicro/v8.6/Micro/Cand Lists.html[11] http://www.slac.stanford.edu/BFROOT/www/Physics/BaBarData/ChangesSince8.6.2a.html[12] M.S. Alam et al., Phys. Rev. D50 (1994) 43.[13] E691 Collab., J. C. Anjos et al., Phys. Rev. D48 (1993) 56.[14] http://www.slac.stanford.edu/~chcheng/talk/kpipi0DalitzFunc/index.html
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