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DRAFT: Otober 18, 2001 31 IntrodutionThis doument reports our e�orts to fully reonstrut B meson deays into a variety ofhannels ontaining a D�+, D�0, D+, or D0 and a ��, ��, or a�1 . These are the dominantmodes leading to open harm in the �nal state, all being governed by a tree-level diagramwith an external W� emerging as the light hadron state.The purpose of reonstruting B deays in these modes is to provide a large sample of� (4S) events where one reonstruted B gives a lean tag of the state of the reoil B in theevent, with a purity of around 90%. Suh a sample will be used in studies of B lifetimes, B0mixing, and as a means of determining, from the data itself, the e�etive tagging eÆienythrough use of information about the deay produts of the reoil B. These studies aredesribed elsewhere.The hannels urrently under study are listed in Table 1. 1 The D�+ is reonstrutedin the mode D0�+, the D�0 into D0�0 mode. The D0 is found in the modes K� �+, K��+ �0, K0S �+ ��, and K� �+ �+ ��. For the D+, the hannels K� �+ �+ and K0S �+are inluded. B andidate reonstrution is based on standard seletion tehniques andbakground suppression methods, implemented using the CompositionTools pakage. Thedata used for the urrent study was obtained using the BABAR detetor, operating in thePEP-II storage ring at energies near ps = 10:58 GeV. They onstitute a sample equivalentto approximately 20:7� 0:3 fb�1 on resonane reorded over the period from Otober, 1999to Deember, 2000. B ModeB0 ! D�+��B0 ! D�+��B0 ! D�+a�1B0 ! D+��B0 ! D+��B0 ! D+a�1B� ! D�0��B� ! D0��Table 1: B deay hannels examined in this analysis.This report is organized as follows: Setion 2 will desribe the data and Monte Carlosamples and the event pre-seletion tehniques, Setion 3 will provide a detailed desriptionof the �nal andidate seletion requirements, Setion 4 will summarize the observed signals inB0 hannels, Setion 5 will do the same for B+ modes, and Setion 6 will draw onlusions.1Here, and throughout this doument, we use the onvention that a partiular andidate state also impliesthe harge onjugate state is inluded.



DRAFT: Otober 18, 2001 42 Data Sample and Pre-Seletion Criteria2.1 Data SamplesThis setion desribes the data samples used for this seletion and to study bakgrounds, aswell as the Monte Carlo event samples used to study and optimize the seletion. The datasample is referred to as the \TagMix Run 1" sample sine it is used for a variety of time-dependant studies, inluding measurements of �md, �B, and the measurement of taggingdillutions in the ombined �t with CP modes to extrat sin 2�.2.1.1 Good Run Criteria\Good runs" are seleted using the following information reorded in the eletroni logbookand OPR book-keeping database [9℄:� the run type should be \Colliding Beams",� all subdetetors should be \on",� the global data quality entered by the Data-Quality shift taker should be \good",� the reorded luminosity should be non-zero, and� the OPR proessing status should be \done".Some further heks are made on the self onsisteny of the eletroni logbook informationfor a run, and by heking some OPR monitoring plots.2.1.2 Run 1 Data SampleThe Run 1 data sample onsists of 3371 runs in the range 9931{17106, for a total integratedluminosity of about 20:7 fb�1 on resonane. This sample is not homogeneous, but an bedivided into a few reasonably homogeneous sub-samples. The main e�ets to onsider arethe enter of mass energy and the quality of the silion vertex detetor's (SVT) internalalignment.Table 2 summarizes the main statistis for eah sub-sample. Figure 1 shows the run-by-run o�sets of the enter of mass energy relative to the average values for a sub-sample of theRun 1 data.Some of the plots in this note refer to a typial run: we hoose run 12917 from sub-samplegood-2000-b1-s5-r8D-on2. Table 3 summarizes the main parameters of this run.2.1.3 Monte Carlo SamplesThe Monte Carlo samples used in this report are taken from produtions based on the releases8.6.5 and 8.8.0. The bakground events mixed into these samples were taken from a sampleof random triggers representative of the Run 1 data set.



DRAFT: Otober 18, 2001 5Blok Set List Release / Comment R LdtAlignment ( fb�1)1999-1 0 good-1999-b1-s0-r8B-on0 8.6.4d / A DCH HV 1900V 4262000-1 0 good-2000-b1-s0-r8B-on0 8.6.4d / C DCH HV 1900V 6071 good-2000-b1-s1-r8C-off0 8.6.5a / C 139good-2000-b1-s1-r8C-on1 8.6.5a / C 5452 good-2000-b1-s2-r8A-on1 8.6.3 / C 1561good-2000-b1-s2-r8A-off1 8.6.3 / C 1753 good-2000-b1-s3-r8C-on1 8.6.5a / C bad timing 2684 good-2000-b1-s4-r8A-off1 8.6.3 / D 109good-2000-b1-s4-r8A-on2 8.6.3 / D 7075 good-2000-b1-s5-r8D-on2 8.6.5b,e / E 1650good-2000-b1-s5-r8D-off2 8.6.5b,e / E 311good-2000-b1-s5-r8D-on3 8.6.5b,e / E 3976 good-2000-b1-s6-r8A-on3 8.6.3 / D 2174good-2000-b1-s6-r8A-off3 8.6.3 / D 448good-2000-b1-s6-r8A-on4 8.6.3 / D 22412000-2 0 good-2000-b2-s0-r8A-on4 8.6.3 / D DCH HV at 1960 V 2891 good-2000-b2-s1-r8A-on4 8.6.3 / E 824good-2000-b2-s1-r8A-off4 8.6.3 / E 370good-2000-b2-s1-r8A-on5 8.6.3 / E 6972 good-2000-b2-s2-r8D-on5 8.6.5b,e / E new IFR gas mix 8453 good-2000-b2-s3-r8D-on5 8.6.5b,e / E DCH in FADC mode 1721good-2000-b2-s3-r8D-off5 8.6.5b,e / E 516good-2000-b2-s3-r8D-on6 8.6.5b,e / E 2524good-2000-b2-s3-r8D-off6 8.6.5b,e / E 3954 good-2000-b2-s4-r8E-on7 8.8.0e,g / E 2087Table 2: Summary statistis for the sub-samples of the Run 1 dataset. Only good runs areinluded. Average enter of mass energies are alulated from the PEP-II beam energies,relative to the nominal � (4S) mass of 10.580GeV=2.2.2 Event Pre-SeletionPre-seletion starts from events assigned to the isPhysisEvents stream in online promptreonstrution (OPR). This stream inludes events assigned to any of the physis sub-streamsby the bakground �lter (BGF). We do not make any explit requirement that events be-long to the BGFMultiHadron sub-stream, but in pratie, our requirements on harged trakmultipliity and event shape are tighter than those for the BGFMultiHadron list (3 or moretraks, R2 < 0:98). One subtlety to onsider is that the trak de�nition used by the bak-ground �lter is not stritly looser than the de�nitions used in analysis, beause it is basedonly on drift hamber information. A seond pass of the preseletion proess onsists in theprodution of ntuples for the �nal seletion, with a tighter (but not yet �nal) seletion.
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Figure 1: Run by run o�sets of the enter of mass energy alulated from the PEP-II beamenergies relative to the average enter of mass energies for a sub-sample of the runs inludedin Table 2 HER Energy 8.9711 GeVLER Energy 3.1193 GeVCM Energy 10.580 GeVIntegrated Luminosity 12.7 pb�1isPhysisEvents 199,648Table 3: Parameters of the typial run 12917, reorded from 8:06{11:06am on April 23, 2000.2.2.1 Reonstrution ListsThe partiles observed in the detetor from the deay modes used in this seletion are K�,��, e�, ��, and . The basi objets orresponding to these partiles and reonstruted inthe detetor are organized into the following lists2, aording to whether they are hargedor neutral [10℄:� ChargedTraks: All traks reonstruted in the drift hamber and/or the vertex de-tetor, with parameters determined using a �� mass hypothesis.� GoodTraksVeryLoose: A subset of the ChargedTraks list ontaining traks with:1. a maximum momentum measured in the lab frame of 10 GeV=, and2List de�nitions di�er slightly from release used for expedited skims (used for prodution of �rst 18.5fb�1) and full skims (used for prodution of last 2.2 fb�1). In ases where there is a di�erene, the valueused for the expedite skims is listed in parenthesis.



DRAFT: Otober 18, 2001 72. a distane of losest approah to the per-run nominal beam spot entroid ofp�x2 +�y2 < 1:5 m, and j�zj < 10 m.� GoodTraksLoose: A subset of the GoodTraksVeryLoose list ontaining traks with:1. a minimum transverse momentum of 100 MeV=, and2. at least 12 (20) hits reorded in the drift hamber, out of a possible maximum of40 hits for traks perpendiular to the beam pipe.� GoodTraksTight: A subset of the GoodTraksLoose list ontaining traks with:1. a minimum transverse momentum of 100 MeV=,2. at least 20 hits reorded in the drift hamber, and3. a distane of losest approah to the per-run nominal beam spot entroid ofp�x2 +�y2 < 1:0 m, and j�zj < 3:0 m.This list is exlusively used for reonstruting the primary vertex of the event, widelyused for kinemati �tting of �0 andidates.� CalorNeutral: All \bumps" (loal maxima of alorimeter energy deposit) not mathedwith any trak, with parameters determined using a photon mass hypothesis.� GoodPhotonLoose: A subset of CalorNeutral list with the following additional re-quirements:1. a minimum energy of 30 MeV,2. an upper ut on the lateral moment at 0.8.� GoodPhotonDefault: A subset of GoodPhotonLoose list but with a minium energy of100 MeV.Figure 2 ompares some inlusive harged-trak distributions for the suessively tigher trakrequirements. Figure 3 shows similar distributions for neutral alorimeter bumps.2.2.2 Composition ListsThe omposite partiles used in this seletion are: �0, K0S, �0, �+, a+1 , D0, D+, D�0 and D�+.We identify andidates for eah of these omposites by ombining entries in the reonstrutionlists, and possibly other omposite lists, and requiring that the resulting ombinations passloose kinemati uts (applied to four-vetor sums, without any re�tting to inlude geometrior kinemati onstraints, exept for the ase of �0 andidates). Table 4 summarizes thedi�erent deay modes represented by the omposite lists used in this seletion.�0 ListsThe �0 seletion starts ombining pairs of entries in the GoodPhotonLoose (CalorNeutral)list to de�ne the pi0VeryLoose list, de�ned with the following requirements:1. both bumps having a minimum energy of 30 MeV,
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Figure 2: Distributions of (a) total momentum, (b) transverse momentum, () osine ofpolar angle, and (d) azimuthal angle (all measured in the lab frame) for the hargedtrak lists: GoodTraks, GoodTraksVeryLoose, GoodTraksLoose, GoodTraksTight.The plots are made from a typial run (number 12917) and normalized to displaytraks/isPhysisEvent/bin. The ut R2 < 0:45 has been applied in these plots.
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Figure 3: Distributions of (a) total energy, (b) osine of polar angle, () azimuthal angles, and(d) a satter plot of polar versus azimuthal angle for the neutral alorimeter bumps in theCalorNeutral list. The plots are made from a typial run (number 12917) and normalizedto display bumps/isPhysisEvent/bin. The ut 0 < R2 < 0:45 has been applied in theseplots. The dashed histogram in (a) shows energy spetrum without exluding R2 = 0.



DRAFT: Otober 18, 2001 10Deay Mode Parent Mass Branhing[MeV=2 ℄ Ratio [%℄D�+ ! D0�+ 2009.93 68.3%D�+ ! D+�0 30.6%D�0 ! D0�0 2006.7 61.9%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 4: Deay modes represented in the omposition lists whih are used by this eventseletion. The mass values and branhing ratios are those used in the Monte Carlo, whihare onsistent with Referene [1℄. For the states whih proeed via intermediate resonanes(D0 ! K��+�0, D0 ! K0S�+��, D0 ! K��+�+�� and D+ ! K��+�+) the branhingratios are summed over resonant and non-resonant ontributions in the Monte Carlo, andinlude intermediate branhing ratio fators for resonane deay into the �nal state shownin the table.2. a pair invariant mass in the range of 90{165 (90{170) MeV=2, omputed at the detetororigin and assuming both entries are photons, and3. both bumps having a lateral shower shape onsistent with the expeted pattern ofenergy deposits for an eletromagneti shower, as determined by a ut of LAT < 0:8.From this ommon list several other lists are de�ned applying tighter seletion riteria:pi0Loose the sum of the two photon energies is at least 200 MeV, and the invariant massin the range 100{160 (90{170) MeV=2;pi0LooseMass same as pi0Loose but applying a mass onstraint to the �0 andidate, as-suming the primary vertex as origin for the photons. No additional seletion riteriato those applied to the pi0Loose list are imposed. This list does not exist in theprodution release of the expedite skims.pi0DefaultMass same as pi0LooseMass but tighter mass window (before kinemati �tting),115{150 MeV=2 (90{170 MeV=2).pi0SoftLoose the sum of the two photon momenta in the � (4S) frame is between 70 and 450MeV= (0{450 MeV=), and the invariant mass in the range 100{160 MeV=2 (90{170MeV=2);



DRAFT: Otober 18, 2001 11pi0SoftDefaultMass starting from pi0SoftLoose, applies a mass ontraint to the andi-date, assuming the primary vertex as origin for the photons, and the mass window be-fore kinemati �tting is required to lie between 115 and 150 MeV=2 (90{170 MeV=2).In prodution release of the full skim, entries in the pi0LooseMass are ombined in a om-mon list, pi0AllLoose, with the merged �0 andidates ontained in the pi0MergedDefault.In this 'smart' merging, only omposite �0 andidates with energy exeeding 1 GeV and over-laping with any of the merged �0 are onsidered for replaement by the overlapping merged�0. A pi0AllDefault list is also de�ned starting from pi0AllLoose and with a mass windowbetween 115 and 150 MeV=2.Figure 4 shows the invariant mass and energy distribution for entries in the pi0Looselist and �2 probability of mass-onstraint �t in pi0DefaultMass list for a typial run. Theenergy and momenta of �0 andidates in this list are realulated with a onstraint on the�0 mass (using the value in Table 4) alulated at the nominal per-run beam spot position.This re�tting tehnique improves the energy resolution of the �0 andidates from 3.0% to2.5% [3℄. About 80% of all �0's produed in generi Monte Carlo have both photons withinthe alorimeter's geometrial aeptane[3℄. The fration of �0's within the aeptane whihare inluded in the pi0DefaultMass list varies with �0 energy: it is 65-70% from 0.5{2.0 GeV, and then falls linearly down to 25% at about 5 GeV due to a large fration ofoverlapping showers [3℄. Thus, for the B deays studies reported here, we onsider only�0 andidates formed from separated lusters, sine there are few merged pions in the theavailable kinemati range.K0S ListsThe K0S andidates used in this seletion are olleted into a KsDefault (KsLoose) listonsisting of pairs of ChargedTraks entries with an invariant mass, omputed from thevertex for the two traks obtained in one iteration of the GeoKin (VtxLeastChi2Vertex)algorithm, to lie within �25 MeV=2 of the nominal K0S mass (462{535 MeV=2). Figure 5shows the invariant mass and energy distributions of K0S andidates in this list for a typialrun. The average eÆieny for K0S 's produed in generi BB deays with momenta greaterthan ?? GeV= to be seleted in the KsDefault list is estimated to be ??% from MonteCarlo [2℄.D0 ListsThe D0 andidates used in this seletion are reonstruted in several modes (see Table 4)and olleted into a single D0HardDefaultFlipSign (D0HardLoose) list. The following utsare applied for eah mode:� D0 ! K��+: pairs of entries in the GoodTraksVeryLoose (GoodTraksLoose) listhaving an invariant mass within�40 MeV=2 of the nominalD0 mass (range [1.704,2.024℄GeV=2);� D0 ! K��+�0, �0 ! : pairs of entries in the GoodTraksVeryLoose (GoodTraksLoose)list ombined with an entry from the pi0AllDefault (pi0Loose) list having an invari-ant mass within �70 MeV=2 of the nominal D0 mass (range [1.704,2.024℄ GeV=2);� D0 ! K��+�+��: sets of entries from the KMiroNotPion (see setion 3.2) (GoodTraksVeryLoose)and GoodTraksVeryLoose lists with an invariant mass within �40 MeV of the nom-inal D0 mass (range [1.764,1.964℄ GeV=2);
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Figure 4: Distributions of (a) invariant mass, (b) total energy for pairs of neutral alorime-ter lusters found in the pi0Loose list, () mass-onstraint �t �2 probability in thepi0DefaultMass list, and (d) a satter plot of energies omparison from a typial run (num-ber 12917). The plots are normalized to show entries/isPhysisEvent/bin.
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DRAFT: Otober 18, 2001 14� D+ ! K0S�+: an entry in the KsDefault (KsLoose) list and ombined with an entryin the GoodTraksVeryLoose (GoodTraksLoose) list having an invariant mass within�40 MeV=2 of the nominal D+ mass (range [1.7,2.1℄ GeV=2).In addition, all D+ andidates must have momentum in the � (4S) frame greater than 1.3GeV=. All invariant masses are alulated from four-momenta addition of the deay-produttraks. The nominal D0 mass is given in Table 4.D�+ ListsD�+ andidates in the mode D0�+ are reonstruted as ombinations of an entry in theD0HardDefaultFlipSign (D0HardLoose) list and an entry in the GoodTraksVeryLoose list(\soft pion"). Combinations passing the following uts are added to a DstarHardDefault(DstarHardLoose) list:� a maximum soft �+ momentum of 450 MeV= in the � (4S) frame,� an invariant mass within 500 MeV=2 of the nominal D�+ mass (see Table 4), and� a mass di�erene, �m � m(D0�+)�m(D0), in the range 139{150 (130{160) MeV=2.� `right-sign' orrelation between the harge of the soft pion and the kaon from the D0deay, where appliable.D�+ andidates in the mode D+�0 are reonstruted as ombinations of an entry in theDHardDefault (DLoose) list and an entry in the pi0SoftDefaultMass list (\soft pion").Combinations passing the following uts are added to a DstarHardDefault (DstarHardLoose)list:� a maximum soft �0 momentum of 450 MeV= in the � (4S) frame,� an invariant mass within 500 MeV=2 of the nominal D�+ mass (see Table 4), and� a mass di�erene, �m � m(D+�0)�m(D+), in the range 130{160 MeV=2.� `right-sign' orrelation between the harge of the soft pion and the kaon from the D0deay, where appliable.D�0 ListsD�0 andidates in the mode D0�0 are reonstruted as ombinations of an entry in theD0HardDefaultFlipSign (D0HardLoose) list and an entry in the pi0SoftDefaultMass list(\soft pion"). Combinations passing the following uts are added to a Dstar0HardDefault(Dstar0Loose) list:� �0 momentum less than 450 MeV= in the � (4S) frame� an invariant mass within 500 MeV=2 of the nominal D�0 mass (see Table 4), and� a mass di�erene, �m � m(D0�0)�m(D0), in the range 130{160 MeV=2.



DRAFT: Otober 18, 2001 15�0 and �+ ListsOppositely harged traks from the GoodTraksVeryLoose (GoodTraksLoose) list thatlie within �160 (�300) MeV=2 of the nominal �0 mass are olleted on the rho0Tight(rho0Default) list. The �+ list rhoCHardTight (rhoCDefault) is a olletion formedfrom paired entries on the GoodTraksVeryLoose (GoodTraksLoose) and pi0AllLoose(pi0DefaultMass) lists lying within �160 (�320) MeV=2 of the nominal �+ mass, andmomentum in � (4S) frame higher than 500 (0) MeV=2.a+1 ListsCandidates for a+1 ! �0�+ are olleted on the a1CHardTight (a1CDefault) list, by om-bining entries from the rho0Tight (rho0Default) and GoodTraksVeryLoose (GoodTraksLoose)lists. An invariant mass between 1.0 and 1.6 GeV=2 is required, with momentum in � (4S)frame higher than 500 (0) MeV=2.2.2.3 B0 and B+ Skims Deay Mode BranhingRatio [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 5: B deay modes represented in the omposition lists whih are used by this eventseletion. The branhing ratios are those used in the Monte Carlo, whih are onsistent withReferene [1℄.Common lists are onstruted, B0ToDLightDefault (B0ToDDstarLoose) for neutral B'sand BhToDLightDefault (BhToDDstarLoose) for harged B's, using the deay modeslisted in Table 5, for pairs of entries from the DstarHardDefault (DstarHardLoose), Dstar0HardDefault(Dstar0Loose), DHardDefault (DLoose), D0HardDefaultFlipSign (D0HardLoose), rhoCHardTight(rhoCDefault), a1CHardTight (a1CDefault) and GoodTraksVeryLoose (GoodTraksLoose)lists, with the following additional requirements on the B andidate:� the raw mass lies in the range 5.0 to 5.5 GeV=2, and� the reonstruted energy lies within �300 MeV of one-half the enter-the-mass energy.



DRAFT: Otober 18, 2001 16In the prodution release of the expedite skims, a total of 48 separate tag bits are de�nedfor eah of the omplete B deay hains. In the full skims, only 12 tags bits are de�ned,one for eah B mode. The �nal pre-seleted datasets are based on the two omposition lists,B0ToDLightDefault (B0ToDDstarLoose) and BhToDLightDefault (BhDDstarLoose), whihare used as the basis for the B0ToDLight and BhToDLight (BreoBTag) skims.2.2.4 Ntuple ProdutionNtuples for analysis are produed by running the BReoUser [16℄ program, reading eventsagged by the B0ToDLight and BhToDLight (BreoBTag) skims. Table 6 summarizes thesoftware versions that were used. The omposition lists reated when the tag bits is set arenot stored in the event, so the ntuple reation job must rereate them. At this stage, vertexand kinemati �tting is performed [17, 18℄, to reate the ntuple output variables:� In seleting D0 and D+ andidates for B reonstrution, a single iteration vertexonstraint �t using GeoKin [17℄; in reonstruting the B parent, a ombined mass andvertex onstraint �t using GeoKin is applied to the D0 and D+;� All D�+ ! D0�+ andidates are re�tted with the beam-spot onstraint to improve thesoft pion angle measurement, using a �xed vertial beam spot sigma of 30 �m [17℄;and� A vertex �t using GeoKin is applied to the �nal B andidate.Pakage Version TagAbsBTagging V00-01-07BReoUser V00-08-36BTaggingTools V00-01-26BdbEvent V01-00-23BetaTools V00-10-06-03CompositionSequenes rf-120700CompositionUtils fmv121200FastVtx V03-03-07NetTagger V00-01-16VertexingTools V00-08-41VtxFitter V00-08-48Table 6: Versions of the pakages used to reate the Run 1 sample ntuples. Other pakagesused the versions in the analysis-7 release.3 Reonstrution of B MesonsThe �nal B reonstrution studies disussed in this report are based on the ntuples reatedfrom the skimmed samples B0ToDLight and BhToDLight (BreoBTag). As desribed insetion 2.2, the omposition lists are used to selet the andidates and to generate the



DRAFT: Otober 18, 2001 17variables ontained in the skimmed ntuples. The �nal analysis uses only a subset of the48 possible deay hains and frequently makes tighter �nal uts. We will repeat here, in aphysis language more appropriate for a �nal presentation, the seletion requirements for theB deay modes inluded in this study. A tabular summary of the �nal uts is also provided,organized in a way to show a omparison with the pre-seletion uts. If the `Final Analysis'olumn is blank in these omparisons, the ut is idential to the pre-seletion. The additionaluts in the �nal seletion are aimed at produing a result with a signal purity of around 90%,although further optimization in this diretion is still required.3.1 Trak SeletionFor most harged partiles, we require the reonstruted trak satisfy a minimal qualityseletion, GoodTraksVeryLoose (GoodTraksLoose) list. In order to redue ontributionsfrom beam gas and beam wall bakgrounds, traks are required to satisfy a loose requirementof having a distane of losest approah within �10 m in z and 1.5 m in radius of theaverage beam spot position. The beam spot position is determined on a run-by-run basis.The transverse momentum is required to lie between 0.1 and 10 GeV=. Finally, the partile isrequired to have penetrated the drift hamber, with at least (12) 20 assigned hits. In the aseof the soft pion from the transitionD�+ ! D0�+ or the daughters from aK0S deay (disussedbelow), these restritions are removed, and any harged trak is used (ChargedTraks list)in the reonstrution.Criteria Skim Final AnalysisDefault Trak GoodTrakVeryLoose (GoodTrakLoose)pT [0.0,10.℄ ([0.1,10.℄) MeV=d0 < 1:5 mz0 < 10: mnDCH > 12(20)Soft Trak ChargedTraksNo uts Table 7: Summary of uts for harged traks.3.2 Partile Identi�ationThe SMS partile seletor is used to identify kaons in D0 and D+ reonstrution. It permitsto rejet pions bakground in modes where it is needed to obtain a rough optimization ofS2=(S +B). 3All seletors use likelihoods alulated with information given by these three subdetetors:� Silion Vertex Detetor: measurement of dE=dX and the number of hits,� Drift Chamber: measurement of dE=dX and the number of hits,3A detailed optimization study is in progress.



DRAFT: Otober 18, 2001 18� DIRC: value of the Cerenkov angle and the number of photons.In B reonstrution to exlusive modes, two partiular seletors are used:� The SMS \Not A Pion" seletor is used most of the time. For this seletion, if asubdetetor gives no information, the partile is assumed to be a kaon for this detetor.� The SMS \Tight" seletor is used for modes with higher bakgrounds suh as B� !D�0��, D0 ! K��+�0 or D0 ! K��+���+. This algorithm requires that the likeli-hood alulated for the kaon hypothesis be greater than the pion and proton hypothe-ses. The e�et of this seletion on the deay mode B+ ! D�0�+, D0 ! K��+�0 anbe seen in Fig. 7.

Figure 7: E�et of SMS \Tight" Seletor on the reonstrution of the deay mode B� !D�0��, D0 ! K��+�0. Blank histogram: without any seletion; olored histogram: SMS\Tight" seletion required for the kaon in the deay D0 ! K��+�03.3 �0 ReonstrutionThe �0 are formed by ombining pairs of photon andidates taken from the GoodPhotonLoose(CalorNeutral) list. The pi0AllLoose (pi0DefaultMass) and pi0SoftDefaultMass listswere used for skimming. For ntuple prodution, pi0DefaultMass and pi0SoftDefaultMasswere used. The reonstruted  mass is shown in Fig.8. For those �0 mesons produed by�+ ! �+�0 or D0 ! K��+�0, a ut at E > 200 MeV is applied to the �0 energy. For the�0 from D�0 ! D0�0 and D�+ ! D+�0, the �0 is required to have momentum less than450 MeV= in the � (4S) frame. The seletion eÆieny, determined from generi BB eventsin SP3 Monte Carlo, inreases from about 40% at threshold to 55% for �0's with 2 GeV inenergy. The variation in eÆieny as a funtion of the �0 energy is shown on Fig. 8.
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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 funtion for thesignal plus a 2nd-order polynomial for the bakground. The vertial lines indiate the masswindow used to selet �0 andidates. The �0 seletion eÆieny as a funtion of the �0energy in shown on the right for generi BB events in the SP3 Monte Carlo.3.4 K0S ReonstrutionThe K0S andidates are formed from pairs of oppositely harged traks without restritionson pT or distane of losest approah to the beam spot entroid (ChargedTraks list). Avertex �t is performed using GeoKin, where a �2 probability greater than 0.1% is required.The invariant mass omputed at this vertex loation is required to lie in with �25 MeV=2 ofthe nominal K0S mass. The opening angle, �, between the ight diretionand the momentumvetor for the K0S andidate must be smaller than 200 mrad. Finally, the transverse ightdistane from the primary vertex in the event, rxy, is required to be greater than 2 mm. The�+ �� mass distribution for andidates passing these requirements is shown in Figure 9.The �tted mass is zzz, onsistent with the nominal value. The resolution is observed to bezzz, in agreement with Monte Carlo estimates of zzz. The eÆieny for a K0S to satisfy theserequirements is shown in Figure 9. A mass onstraint �t is applied to those K0S andidatespassing these requirements, for use in subsequent reonstrution of harm mesons.3.5 Charm Meson ReonstrutionD0 CandidatesD0 andidates are reonstruted in the modes D0 ! K��+, D0 ! K��+�0, D0 !K��+���+, and D0 ! K0S�+��. We require that the daughter traks used in the D0 !K��+ mode have a minumum momentum of 200 MeV=. For D0 ! K��+�0 D0 !K��+���+, and D0 ! K0S�+�� modes in hannels other than B0 ! D�+�� and D�+��,
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Figure 9: Distribution of �+ �� invariant mass for K0S andidates, after uts on the ightangle � and the transverse ight distane.Criteria Skim Final AnalysisDefault K0S KsDefault (KsLoose) KsDefaultVertex Fitter GeoKin (VtxLeastChiVertexer) GeoKinm(�+��) m(K0S)� 25(36) MeV=2�2 > 0:001� < 200 mradrxy > 2 mmTable 8: Summary of uts for K0S seletionthe minimum harged trak momentum is 150 MeV=. Also, in these modes, we use theSMS \Not A Pion" partile seletor to rejet pion bakgrounds for the kaon trak in modeswhere bakground rejetion is needed to obtain a rough optimization of S2=(S + B). D0andidates in the hannels B0 ! D�+�� and D�+�� are required to have an invariant masswithin �3� of the �tted D0 mass in the inlusive D0 spetrum (Table 10) in the B andi-date sample. In all other ases, the D0 andidates are required to lie within �3�, alulatedon an event-per-event basis, of the nominal D0 mass. For D0 ! K��+�0 mode, we onlyreonstrut the dominant resonant mode D0 ! K��+, �+ ! �+�0 at this moment. This,the �+�0 invariant mass is required to lie within �150 MeV=2 of the nominal � mass andthe angle between the �+ and K� in the �+�0 rest frame, ��K�, must satisfy j os ��K�j > 0:4.However, this hoie of uts is not optimal, whih would require maximizing S2=(S + B)based on the Dalitz distribution [13, 14℄. All D0 andidates must have momentum greaterthan 1.3 GeV= in the � (4S) frame. A vertex �t is performed using GeoKin, where a �2probability greater than 0.1% is required.
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Figure 10: D0 andidates seleted for D0 ! K��+, D0 ! K��+�0 D0 ! K0S�+��, andD0 ! K��+���+ modes.



DRAFT: Otober 18, 2001 22Criteria Skim Final AnalysisDefault D0 D0HardDefaultFlipSign D0DefaultVtx(D0HardLoose)Vertex Fitter GeoKin�2 > 0:001p�(D0) > 1:3 GeV=D0 ! K��+m(K��+) �0:040 ([1.704,2.024℄) GeV=2 �3�y MeV=2p(K�) > 100 MeV= > 200 MeV=p(�+) > 100 MeV= > 200y MeV=2D0 ! K��+�0m(K��+�0) �0:070 ([1.704,2.024℄) GeV=2 �3� MeV=2p(K�; ��) > 100 MeV= > 150 MeV=m(�+�0) m(�)� 150 MeV=2j os ��K�j > 0:4D0 ! K0S�+��m(K0S�+��) �0:040 ([1.704,2.024℄) GeV=2 �3� MeV=2p(��) > 100 MeV= > 150 MeV=D0 ! K��+�+��m(K��+�+��) �0:040 ([1.764,1.964℄) GeV=2 �3� MeV=2p(K�; ��) > 100 MeV= > 150 MeV=y For modes other than B0 ! D�+�� or D�+��Table 9: Summary of uts for D0 seletionMode mD (MeV=2) �mD (MeV=2)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 10: D0 �tted mass and widths.D+ CandidatesD+ andidates are reonstruted in the modesD+ ! K��+�+ andD+ ! K0S�+. We requirethat the kaon used in the K��+�+ mode have a minumum momentum of 200 MeV=; thepions are required to have momentum greater than 150 MeV=. For the K0S�+ mode, theminimum harged trak momentum is 200 MeV=. We also use the SMS \Not A Pion"partile seletor to rejet pion bakgrounds for the kaon trak in modes where bakgroundrejetion is needed to obtain a rough optimization of S2=(S+B). D+ andidates are requiredto have an invariant mass within �3�, alulated on an event-by-event basis, of the nominalD+ mass. All D+ andidates must have momentum greater than 1.3 GeV= in the � (4S)frame. A vertex �t is performed using GeoKin, where a �2 probability greater than 0.1% isrequired.



DRAFT: Otober 18, 2001 23Criteria Skim Final AnalysisDefault D+ DHardDefault (DLoose) DDefaultVtxVertex Fitter GeoKin�2 > 0:001p�(D+) > 1:3 GeV=D+ ! K��+�+m(K��+�+) �0:040 ([1.7,2.1℄) GeV=2 �3�yp(K�) > 100 MeV= > 200 MeV=p(�+) > 100 MeV= > 150 MeV=D+ ! K0S�+m(K0S�+) �0:040 ([1.7,2.1℄) GeV=2 �3�yp(�+) > 100 MeV= > 200 MeV=y Calulated on an event-by-event basisTable 11: Summary of uts for D+ seletionD�+ CandidatesWe form D�+ andidates by ombining the a D0 with a pion whih has momentum greaterthan 70 MeV=. GeoKin is used to perform a vertex �t for the D�+ using the onstraintof the beam spot to improve the angular resolution for the soft pion. A �xed � = 30 �mis used to model the beam spot spread in the vertial diretion [17℄. The �t is required toonverge, but no ut is applied on the proability of �2. After �tting, seleted D�+ andidatesare required have �m within �3� of the measured nominal value. The width is taken tobe a weighted average of the ore and broad Gaussian distributions required to �t the �mdistribution.D�+ andidates are also formed by ombining the a D+ with a �0. The maximummomentum of the �0 in the � (4S) frame is 450 MeV=. The D�+ andidates are requiredhave �m within �3� of the nominal mass-di�erene value.Criteria Skim Final AnalysisDefault D�+ DstarHardDefault DstarDefaultVtx(DstarHardLoose)D�+ ! D+��Vertex Fitter GeoKin, beam spot�2 onstraint (�y = 30 �m), onvergenem(D0�+)�m(D0) [139,150℄ ([130,160℄) MeV=2 �3� MeV=2p�(�+) [70,450℄ MeV=Table 12: Summary of uts for D�+ seletionD�0 CandidatesD�0 andidates are reonstruted by ombining a seleted D0 with a �0 having momentumless than 450 MeV= in the � (4S) frame. Seleted D�0 andidates are required to have �m
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Figure 11: D+ ! K��+�+ andidates seleted.within 4 MeV=2 of the nominal value. The �m distribution, obtained from an inlusivesample of D0 ! K��+ deays, is shown in Fig. 14, for both a bb enrihed (p�(D0) < 2:5GeV=) and a  enrihed sample (p�(D0) > 2:5 GeV=).Criteria Skim Final AnalysisDefault D�+ Dstar0HardDefault (Dstar0Loose) DstarDefaultVtxD�0 ! D0�0m(D0�0)�m(D0) [130,160℄ MeV=2 �4 MeV=2p�(�0) [70,450℄ MeV=D�0 ! D0 Table 13: Summary of uts for D�0 seletion3.6 B Candidate SeletionB meson andidates are obtained by ombining a D or D� andidate, reonstruted asdesribed in setion 3.5, with a �, � or a1 meson.The pion momentum spetrum for the two-body deay B0 ! D�+�� is shown in Fig. 15For this analysis, the pion is required to have momentum greater than 500 MeV=. Nopartile identi�ation requirement is made for this trak.
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Figure 12: Pull distributions in mass for andidates 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�+ andidates in the B0 ! D�+��, D0 ! K��+ mode. Datainludes seleted D�+ andidates for all modes inluded in the B0toDStarX ntuples. Unitsin both plots are GeV. Vertial lines indiate seletion riteriaFor the B0 ! D�+�� mode, �+ andidates are formed by ombining a �0 meson and aharged pion both with momentum greater than 200 MeV=. We require the � momentumto be greater than 1 GeV=, and the ���0 invariant mass to satisfy jm(���0)� 770j < 150MeV=2. For the B0 ! D�+a�1 mode, the a�1 meson is seleted by ombining three hargedpions, where the invariant mass must lie in the range 1.0 to 1.6 MeV=2. In addition, a
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Figure 14: �m distribution for D�0 ! D0�0 deays, where p�(D0) < 2:5 GeV= (left) andp�(D0) > 2:5 GeV= (right)Mode �m ��m(MeV=2) (MeV=2)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 14: �m signal widths used for D� andidate seletion.vertex onstraint �t to the a�1 andidate is required to onverge with �2 > 0:1%.In the ase of a orretly reonstruted B meson produed by the deay of an � (4S),within the experimental resolution, the measured sum of neutral and harged energies, E�meas,must be equal to the beam energy, E�beam, both evaluated in the � (4S) frame. We de�ne�E to be the di�erene between the measured B andidate energy and beam energy in the� (4S) frame as:[5℄ �E = E�meas � E�beam (1)The resolution on ��E varies from 20 to 40 MeV depending on mode. The list of the modeswe have studied and the orresponding values of ��E are given in Tables 18 and 20.
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Figure 15: Spetrum of pion momentum in the two-body deay B0 ! D�+��. The vertialline indiates the ut value.We de�ne an energy substituted B mass, mES, as:m2ES = (E�beam)2 �  Xi ~pi!2 (2)where the ~pi is the momentum of the ith daughter of the B andidate. The preditedresolution in mES is typially about 2:6 MeV=2 for most deay modes involving all-harged�nal states. This is about a fator of 10 better than the resolution in the reonstrutedinvariant mass. The resolution for mES is dominated by the beam energy spread rather thanby the detetor resolution, although there are examples where the measurement errors anontribute as well. It is largely unorrelated with the error on �E [8℄.The variables �E andmES are used to de�ne a signal region and sidebands for bakgroundstudy. For all modes, the region between 5:2 and 5:3 GeV=2 in mES and between �300MeV in �E is used to study the B andidates. The peak position, mB, whih should be thenominal B mass, and the resolution �mES are extrated from the distribution of mES afterrequiring �E be onsistent with zero to within �2:5�. The resolution in �E is extratedfrom the �E distribution obtained by requiring mES lie within �2:5�mES of m0B.The signal region in the two dimensional plane mES versus �E is de�ned as a area �2:5�wide entered at the nominal B mass, m0B, and �E = 0. The sidebands outside this signalregion are urrently under study, both to demonstrate the appropriateness of our assumedbakground form and to better understand feeddown from other hannels.We allow only one andidate per event to appear in the mES versus �E distribution.Several di�erent ways to hoose the best andidate from among multiple andidates in thesame event have been explored. The riteria seleted in the end is to onsider only the entrywith the smallest absolute value for �E.



DRAFT: Otober 18, 2001 283.7 Bakground RejetionThe bakground omposition in our signal region has signi�ant ontributions from bothother BB events and ontinuum, and depends on the deay mode. In B0 ! D�+��, forexample, a study of 2 fb�1 of generi BB shows the most signi�ant bakground to be from events.To enrih the �nal sample with B signal and obtain a rough optimization of signal tobakground 4, we use two event shape tehniques to redue ontinuum bakground.First, eah event is required to satisfy R2 < 0:5 where R2 is the ratio of the seond Fox-Wolfram moment to the zeroth moment determined using harged traks and unmathedneutral showers in the � (4S) frame. This is designed to rejet the jetlike ontinuum eventsover the more uniformly distributed � (4S) deays.
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Figure 16: os �th vs. R2 for Monte Carlo signal samples for generi � and B0 ! D�+��,D0 ! K��+. Although these variables are orrelated, the thrust angle seletion still hassigni�ant ontinuum bakground rejetion power even after the R2 seletion is applied.We further redue bakgrounds in some of the lower-purity modes by using a thrust-angle tehnique. The `thrust angle', �th, is de�ned as the angle between the thrust axis ofthe partiles whih form the reonstruted B andidate and the thrust axis of the remainingtraks and unmathed lusters in the event, omputed in the � (4S) frame. The two axes arealmost ompletely unorrelated in BB events, beause the B mesons are almost at rest inthe � (4S) rest frame, and the distribution in j os �thj given in Fig. 17 for the deay modeB0 ! D�+��, D0 ! K��+. In ontinuum events, whih are more jetlike, the two thrustaxes tend to have small opening angles. Requiring j os �thj < 0:8 typially removes aboutxx% of the ontinuum bakground while retaining 80% of the signal. The seletion riteriaj os �thj that depends on mode and is summarized in Table 15.4A detailed optimization study is in progress.



DRAFT: Otober 18, 2001 29Mode j os �thj utB0 ! D���+ No utB0 ! D���+ No utB0 ! D��a+1 No utB0 ! D��+ < 0:9B0 ! D��+ < 0:8B0 ! D�a+1 < 0:7B+ ! D�0�+ < 0:9Table 15: Thrust angle uts applied in the eah B deay hannel under study.
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Figure 17: Distribution of the opening angle, �th, between thrust axes for the B andidateand the remaining traks in the event for the mode B0 ! D�+��, D0 ! K��+.3.8 Bakground FittingThe measurement of branhing ratios, mixing and B lifetime require a good understandingof the shape of the bakground in the mES distribution. We expet the mES distribution fromthe �E sideband to provide important onstraints about the bakground shape. However,this question is still under study both in data and Monte Carlo simulation. For the timebeing, we assume a bakground shape given by the ARGUS funtion, whih parametrizeshow phase spae approahes zero as the andidate energy approahes E�beam:fBG(x) = Nxp1� x2 exp(�(1� x2)) (3)



DRAFT: Otober 18, 2001 30where 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 entered at zero, we make a �t using the ARGUS bakground funtion and aGaussian signal with free mass, mB, and width, �mES . For projetions of the signal as afuntion of �E a �t to the �E distribution is made using a linear bakground funtion plusa single Gaussian distribution with free mean and width, ��E.3.9 Monte Carlo Peaking Bakground StudiesTime-dependant measurements suh as B mixing and lifetimes use the bakground �t tothe mES distribution to estimate the signal probability on an event-by-event basis. For thisreason, it is important to understand in some detail whether there is any bakground whihis not well-desribed by the ARGUS �t. In partiular, mis-reonstruted Bs an peak nearthe B mass and are therefore espeially important to understand. As we will desribe, thereis a small but non-negligible peaking omponent to the bakgrounds whih omes from mis-reonstruted Bs. Here we will desribe the methods we use to estimate the level of suh\peaking bakground".3.9.1 Generi Monte Carlo Peaking Bakground StudiesWe use generi Monte Carlo to haraterize bakground omposition. Table 16 shows thestatistis of the generi samples we used for these studies. Figures 18 through 30 show the �Eand mES distributions for eah individual deay hain. Eah plot ontans the distuibutionsfor the signal and the di�erent bakground omponents. Figure 31 shows the distributionof all bakground to the B0 events after subtrating the ARGUS baground. A peakingomponent orresponding to approximately 1% of the signal is evident.Sample Events (M)B0B0 2.3B+B� 3.1� 5.5uds 8.7Table 16: Generi Monte Carlo samples used for bakground haraterization studies.3.9.2 Coktail Monte Carlo Peaking Bakground StudiesGeneri MC studies indiate that there is evidene for a small fration of bakground whihpeaks inmES, and its properties are therefore not aounted for in the mES sideband. Studieson MC ([15℄) indiate that this bakground arises from misreonstruted B's. In the ase ofmisreonstruted B0 s, this is irrelevant: their time struture is idential to the signal. Onlyharged B's whih are reonstruted as neutral B require speial attention, as these do notmix and have a di�erent lifetime than B0 s..The mehanism for the mis-reonstrution responsible for the peaking bakground issuspeted to be soft pion exhagne. To haraterize this omponent of the bakground in



DRAFT: Otober 18, 2001 31the B0 sample, we generated a \Coktail" of Monte Carlo events whih ontains harged Bdeays to the modes whih are suspeted to be the ause of the feed-through. In partiular,B+ ! D�0�� an be mis-reonstruted as B0 ! D�+�� if the soft �0 from the D�0 isexhanged with another soft trak in the event. If the momentum of the soft pions is similar,the mis-reonstruted B will show up in the signal region. We inlude in the otail themodes listed in 17 ModeB+ ! D�0�+B+ ! D�0�+B+ ! D�0a+1B+ ! D0�+B+ ! D0�+B+ ! D0a+1Table 17: Modes inluded in the harged B oktail Monte Carlo sample
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Figure 18: Generi MC studies of B0 ! D�+�� for D0 ! K��+ (top) and D0 ! K��+�0(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 19: Generi MC studies of B0 ! D�+�� for D0 ! K��+���+ (top) and D0 !K0S�+�� (bottom). mES for j�E j < 2:5��E (right), �E for jmES �mBj < 2:5�mES (left).Data normalized by luminosity is overlaid in purple.
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Figure 20: Generi MC studies of B0 ! D�+�� for D0 ! K��+ (top) and D0 ! K��+�0(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 21: Generi MC studies of B0 ! D�+�� for D0 ! K��+���+ (top) and D0 !K0S�+�� (bottom). mES for j�E j < 2:5��E (right), �E for jmES �mBj < 2:5�mES (left).Data normalized by luminosity is overlaid in purple.
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Figure 22: Generi MC studies of B0 ! D�+a�1 1 for D0 ! K��+ (top) and D0 ! K��+�0(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 23: Generi MC studies of B0 ! D�+a�1 1 for D0 ! K��+���+ (top) and D0 !K0S�+�� (bottom). mES for j�E j < 2:5��E (right), �E for jmES �mBj < 2:5�mES (left).Data normalized by luminosity is overlaid in purple.
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Figure 24: Generi MC studies of B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 25: Generi MC studies of B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 26: Generi MC studies of B0 ! D+a�1 1 for D+ ! K��+�+ (top) and D+ ! K0S�+(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 27: Generi MC studies of B� ! D�0�� for D0 ! K��+ (top) and D0 ! K��+�0(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 28: Generi MC studies of B� ! D�0�� for D0 ! K��+���+ (top) and D0 !K0S�+�� (bottom). mES for j�E j < 2:5��E (right), �E for jmES �mBj < 2:5�mES (left).Data normalized by luminosity is overlaid in purple.
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Figure 29: Generi MC studies of B� ! D0�� for D0 ! K��+ (top) and D0 ! K��+�0(bottom). mES for j�E j < 2:5��E (right), �E for jmES � mBj < 2:5�mES (left). Datanormalized by luminosity is overlaid in purple.
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Figure 30: Generi MC studies of B� ! D0�� for D0 ! K��+���+ (top) and D0 !K0S�+�� (bottom). mES for j�E j < 2:5��E (right), �E for jmES �mBj < 2:5�mES (left).Data normalized by luminosity is overlaid in purple.
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Figure 31: Generi MC studies of peaking baground. Shown is mES distribution of allbakground types in the B0 sample, after ARGUS subtration.



DRAFT: Otober 18, 2001 464 B0 DeaysHere we provide tables of resolutions and yields for the B0 deay modes reonstruted.A sample plot showing the �E versus mES distribution for B0 ! D�+��, D0 ! K��+is given in Figure 32For eah individual deay hain, the distribution of mES for j�E j < 2:5��E and �E forhek this! jmES�mES0j < 3�mES is provided. The same plots are also shown summed overD0 or D+ modes. These are shown as Figures 33 through 41The �t results for �mES and ��E in Monte Carlo and data are summarized in Table 18.The �tted numbers of events are shown in Table 19.
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Figure 33: 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 34: 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 35: 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 36: B0 ! D�+�� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mES forj�E j < 2:5��E (left), �E for jmES �mBj < 2:5�mES (right).
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Figure 37: B0 ! D�+a�1 for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 38: B0 ! D�+a�1 for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 39: B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 40: B0 ! D+�� for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 41: B0 ! D+a�1 for D+ ! K��+�+ (top) and D+ ! K0S�+ (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).



DRAFT: Otober 18, 2001 56

Table 18: Observed and predited resolution for �E and mES for B0 deay modes. In someases, the �t results for individual deay hains su�er from inadequate statistis, partiularlywithout full on�dene in Monte Carlo preditions 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��+ 19:2� 1:0 �5:8� 1:0 13:8� 0:3 2:7� 0:1 2:5� 0:1K��+�0 22:4� 1:7 �4:5� 1:7 15:8� 0:4 3:1� 0:2 2:7� 0:1K0S�+�� 16:7� 2:2 �3:8� 2:0 12:6� 0:6 2:8� 0:2 2:5� 0:1K��+�+�� 18:0� 1:0 �5:5� 1:0 13:7� 0:3 2:8� 0:1 2:5� 0:1D���+ K��+ 23:2� 2:9 �4:6� 2:5 26:3� 1:2 3:0� 0:2 2:8� 0:1K��+�0 26:7� 3:3 1:4� 3:0 27:6� 1:3 2:8� 0:2 2:8� 0:1K0S�+�� xx� xx xx� xx 27:9� 2:8 3:6� 0:1 2:9� 0:2K��+�+�� 25:1� 3:2 1:0� 2:5 27:4� 1:3 3:1� 0:2 2:8� 0:1D��a+1 K��+ 17:0� 1:3 �3:1� 1:3 10:4� 0:3 2:8� 0:2 2:4� 0:1K��+�0 18:5� 2:1 �9:2� 1:9 12:2� 0:5 3:0� 0:3 2:6� 0:1K0S�+�� 21:6� 4:0 �15:4� 4:4 12:6� 0:8 2:7� 0:7 2:6� 0:1K��+�+�� 12:8� 1:3 �5:6� 1:3 9:8� 0:3 2:9� 0:2 2:5� 0:1D��+ K��+�+ 18:5� 0:6 �5:0� 0:6 13:4� 0:1 2:7� 0:1 2:5� 0:1K0S�+ 15:6� 1:3 �1:1� 1:5 13:8� 0:3 2:8� 0:2 2:5� 0:1D��+ K��+�+ 34:7� 2:5 �3:9� 2:1 28:4� 0:6 3:0� 0:1 2:8� 0:1K0S�+ xx� xx xx� xx 28:0� 1:8 2:9� 0:3 2:9� 0:1D�a+1 K��+�+ 12:1� 0:8 �4:1� 0:7 9:4� 0:2 2:7� 0:2 2:4� 0:1K0S�+ 12:5� 2:8 �1:7� 2:1 9:1� 0:9 2:3� 0:4 2:3� 0:1
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Table 19: Observed yields for B0 deay modes.B0 mode D mode Observed YieldD���+ K��+ 546� 25K��+�0 375� 21K0S�+�� 131� 13K��+�+�� 504� 24D���+ K��+ 305� 20K��+�0 232� 21K0S�+�� 68� 17K��+�+�� 287� 20D��a+1 K��+ 304� 20K��+�0 175� 18K0S�+�� 39� 11K��+�+�� 196� 16D��+ K��+�+ 1596� 44K0�+ 165� 14D��+ K��+�+ 809� 36K0�+ 80� 11D�a+1 K��+�+ 459� 28K0�+ 66� 10Total 6389� 93
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Figure 42: Combined distribution for mES from all hadroni B0 modes.
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Figure 43: B� ! D�0� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).5 B� DeaysHere we provide tables of resolutions and yields for the B0 deay modes reonstruted.For eah individual deay hain, the distribution of mES for j�E j < 3��E and �E forjmES �mES0j < 3�mES is provided. The same plots are also shown summed over D0 or D+modes. These are shown as Figures 43 through 46.The �t results for �mES and ��E in Monte Carlo and data are summarized in Table 18.The �tted numbers of events are shown in Table 19.
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Figure 44: B� ! D�0� for D0 ! K��+���+_mES for j�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 45: B� ! D0� for D0 ! K��+ (top) and D0 ! K��+�0 (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).
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Figure 46: B� ! D0� for D0 ! K0S�+�� (top) and D0 ! K��+���+ (bottom). mES forj�E j < 3��E (left), �E for jmES �mES0j < 3�mES (right).



DRAFT: Otober 18, 2001 63Table 20: Observed and predited resolution for �E and mES for B� deay modes.B mode D mode ��E data �E o�set ��E MC �mES data �mES mD�0�+ K��+ 19:2� 1:0 �4:1� 1:0 19:2� 1:0 3:1� 0:1 3:1� 0:1K��+�0 21:2� 2:0 �4:2� 1:8 21:3� 1:9 3:4� 0:2 3:4� 0:2K��+�+�� 15:7� 0:9 �5:4� 0:9 15:7� 0:9 3:0� 0:1 3:0� 0:1D0�+ K��+ 17:9� 0:5 �4:0� 0:5 17:9� 0:5 2:6� 0:1 2:6� 0:1K��+�0 20:2� 1:0 �3:5� 1:0 20:2� 1:0 2:9� 0:1 2:9� 0:1K0S�+�� 16:3� 1:2 �4:5� 1:3 16:3� 1:2 2:6� 0:1 2:6� 0:1K��+�+�� 17:3� 0:6 �5:4� 0:6 17:3� 0:6 2:5� 0:1 2:5� 0:1Table 21: Observed yields for B� deay modes.B+ mode D mode Observed YieldD�0�+ K��+ 533� 24K��+�0 266� 20K��+�+�� 377� 22D0�+ K��+ 1716� 44K��+�0 960� 37K0S�+�� 361� 22K��+�+�� 1484� 44Total 5686� 155
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Figure 47: Combined distribution for mES from all hadroni B� modes.
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