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Observation of B ! D��+�����o DecaysAbstractWe report on the observation of B ! D��+�����o decays. The branching ratio'sfor D�+ and D�o are (1.72�0.14�0.24)% and (1.80�0.24�0.25)%, respectively. Ap-proximately 20% of each �nal state has a D�!�� component. The !�� appears tocome from the decay of a resonance of mass 1419�33 MeV and width 382�44 MeV,that has spin > 0.1 IntroductionWe report an analysis from a data sample consisting of 9.0 fb�1 of integrated luminositytaken with the CLEO II and II.V detectors using the CESR e+e� storage ring on the peakof the �(4S) resonance and 4.4 fb�1 in the continuum at 60 MeV less center-of-mass energy.The sample contains 19.4 million B mesons.Currently, measured exclusive branching ratios for hadronic B decays total a small frac-tion of the total hadronic width. The total semileptonic branching ratio for B ! Xe��,X���, and X��� totals approximately 25% [1]. The measured hadronic decay modes for theBo including D+(n��), D�+(n��), where 3 � n � 1, D+(�)D�(�)s , and J= exclusive totalsonly about 10% [1]. (The B� modes total about 15% more.) It is also interesting to notethat the average charged multiplicity in a hadronic Bo decay is 5.3�0:1 [2]. Since the averagemultiplicity contains contributions from the D+ or D�+ normally present in Bo decay, weexpect a sizeable, approximately several percent, decay rate into �nal states with four pions[3]. The seen D(�)(n�)� �nal states for n � 3 are consistent with being quasi-two-body �nalstates. For n of two the �� dominates, while for n of three the a�1 dominates [4]. It wouldbe interesting to see if this behavior remains true for n of 4.2 Observation of Bo ! D�+�+�����o Decays2.1 Event selectionWe start by investigating the D�+(4�)� �nal state. Track candidates are required to pass aseries of cuts listed in the appendix. Photon candidates are required to be within the \goodbarrel region," within 45� of the normal to the beam line. We select events with a D�+ usingthe �+Do decay. We use three Do �nal states: K��+, K��+�o, and K��+�+��.1



We require that the invariant mass of the Do candidates lie within �2:5� of the knownDo mass and that the mass di�erence between �+Do and Do combinations is within �2:5�.The �'s are listed in Table 1. The Do widths vary with the Do momentum, p, (units ofMeV). We did not �nd signi�cant di�erences between the CLEO II and II.V data sets.Table 1: Mass Resolutions (�) in MeVD�+ �Do D�o �Do Do ! K��+ Do ! K��+�o Do ! K��+�+��0.63 0.90 p�0.93�10�3+6.0 p�0.68�10�3+11.6 p�0.92�10�3+4.7Neutral pions are formed by selecting photon pairs that are in the good barrel region;they are required to have E9/E25 probabilities greater than 99% and not be fragments (seeappendix). The photons pairs then are required to have an invariant mass within -3 and+2.5 � of the �o mass.The D�+ candidates are combined with all combinations of �+�����o mesons. To rejectcontinuum we require that the Fox-Wolfram moment R2 be less than 0.3 [5].Next, we calculate the di�erence between the beam energy, Ebeam, and the measuredenergy of the �ve particles, �E The \beam constrained" invariant mass of the B candidates,MB, is computed from the formulaM2B = E2beam � (Xi �!pi )2 : (1)To further reduce backgrounds we de�ne�2b =  �MD��(�MD�)!2 +  �MD�(�MD)!2 +  �M�o�(�M�o)!2 ; (2)where �MD� is the computed D� � Do mass di�erence, �MD is the invariant candidateDo mass minus the known Do mass and �M�o is the measured 

 invariant mass minusthe known �o mass. All �o's in the �nal state are included in the sum. The �'s are themeasurement errors. We select candidate events in each mode requiring that �2b < Cn,where Cn varies for each decay Do decay mode. For the Kn� decay modes we use Cn = 12;8, and 6, respectively. The �2b spectra for data and Monte Carlo are shown in Fig. 1.2.2 Branching Fraction and (4�)� Mass SpectrumWe start with the Do ! K��+ decay mode. We show the candidate B mass distribution,MB for events with the di�erence between the measured B energy and the beam energy, �E,is not centered on zero but is in the bands from -5.0 to -3.0� and 5.0 to 3.0� on Fig. 2(a).The �E resolution is 18 MeV (�): This gives a good representation of the background inthe signal region. We �t this distribution with a shape given asback(r) = p1rp1� r2e�p2(1�r2) ; (3)where r =MB=5:2895, and the pi are parameters given by the �t.2
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0 5 10 15 0 5 10 15 0 5 10 15Figure 1: The �2b spectra for the �nal state Bo ! D�+�+�����o for (a)Do ! K��+(a)Do ! K��+�o, and (c) Do ! K��+�+��. The solid line is the data, the dashed signalMonte Carlo and the arrows indicate the selected cut values. For the data we restrict �Eto be within of 2� zero and an MB to be within 2� of the known Bo mass.We next view the MB distribution for events having �E within 2� around zero inFig. 2(b). This distribution is �t with a Gaussian signal function of width 2.7 MeV and thebackground function found above whose normalization is allowed to vary. We �nd 358�29events in the signal peak.We repeat this procedure for the other two Do decay modes. The MB spectrum for �Esidebands and signal region is shown in Figs. 3 and 4. The �E resolution is 22 MeV in theK��+�o mode and 18 MeV in the K��+�+�� mode. Signals for these two decay modes areweaker than in K��+ but present. The number of signal events in each mode are shown inTable 2. Table 2: Event numbers for the D�+�+�����o �nal stateDo Decay Mode Fitted # of events (%)K��+ 358�29K��+�o 543�49K��+�+�� 329�41We can view the signal by selecting those events in the MB signal region within 2� ofthe Bo mass, and plotting the �E distribution, as shown in Fig. 5. Clear peaks near �E ofzero are seen.We choose to determine the branching fraction using only the Do ! K��+ decay modebecause of the relatively large backgrounds in the other modes and the decreased systematicerror due to having fewer particles in the �nal state. In order to �nd the branching ratiowe use the Monte Carlo generated e�ciency, shown in Fig. 6 as a function of (4�)� mass.3
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oat and a signal Gaussian of width 2.7 MeV is added.The e�ciency falls o� at larger (4�)� masses because the detection of the slow �+ fromthe D�+ decay becomes increasingly di�cult. Since the e�ciency varies with mass we needto determine the (4�)� mass spectrum. To rid ourselves of the problem of the backgroundshape, we �t the B candidate mass spectrum in 50 MeV bins of 4� mass. (The massresolution is approximately 12 MeV.) The resulting (4�)� mass spectrum is shown in Fig. 7.There may be a low mass structure around 1.5 GeV. This will be investigated further in thispaper.We �nd B(Bo ! D�+�+�+���o) = (1:72� 0:14� 0:24)% : (4)The systematic error arises mainly from our lack of knowledge about the tracking and �oe�ciencies. We assign errors of �2.2% on the e�ciency of each charged track, �5% for theslow pion from the D�+, and �5.4% for the �o [6]. The error due to the background shape isevaluated in three ways. First of all, we change the background shape by varying the �ttedparameters by 1�. This results in a change of �3%. Secondly, we allow the shape, p2, tovary (the normalization, p1, was already allowed to vary). This results in 3.8% increase in4
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5.2 5.22 5.24 5.26 5.28 5.3Figure 3: The B candidate mass spectra for the �nal state D�+�+�����o, with Do !K��+�o (a) for �E sidebands and (b) for �E consistent with zero. The curve in (a) is a �tto the background distribution described in the text, while in (b) the shape from (a) is usedwith the normalization allowed to 
oat and a signal Gaussian of width 2.7 MeV is added.the number of events. Finally, we choose a di�erent backround functionback0(r) = p1rp1� r2 �1 + p2r + p3r2 + p4r3� ; (5)and repeat the �tting proceedure. This results in a 3.7% decrease in the number of events.Taking a conservative estimate of the systematic error due to the background shape wearrive at �3.8%. We use the current particle data group values for the relevant D�+ andDo branching ratios of (68.3�1.4)% (D�+ ! �+Do) and (3.85�0.09)% (Do ! K��+),respectively [1]. The relative errors, 2.0% for the D�+ branching ratio and 2.3% for the Doare added in quadrature to the other sources of systematic error, yielding a total systematicerror of 10%.We wish to search for narrow structures. However, we cannot �t the B mass spectrumin small (4�)� mass intervals due to a lack of statistics. Thus we plot the (4�)� mass forevents in the MB peak for the Do ! K��+ mode and the sum of all three modes in Fig. 8.We also plot two background samples: events at lower MB (5.203 - 5.257 GeV) and those inthe �E sideband separately. 5
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ight direction in the D� restframe for the D�A� �nal state. (left) Data in the MB signal interval shown as points witherror bars. (right) The Monte Carlo expectation including detector acceptance for a spin-0A�.9 Appendix: Details of Selection Requirements9.1 Charged Track CutsTracks must pass Trackman.Kincd must be zero.These are the only cuts for the slow pion from the D�+For other tracks above 250 MeV we require dbcd <0.005 and jz0cd-zvptxj <0.03If the track is below 250 MeV we require dbcd <0.01 and jz0cd-zvptxj <0.059.2 Particle Identi�cation CutsFor tracks above 900 MeV/c we do not require any particle identi�cation.For tracks below 900 MeV/c we require 3� consistency, if the information is present(iqaldi > 0).9.3 Photon SelectionWe use XBAL.We require that the bump energy be > 30 MeV in the good barrel region, cos � < 0:707.The E9/E25 distribution must look like a photon, e925u>c92501 .Photon candidates must not be shower fragments, ibstop=0.Finally, the angle with closest charged track must be > 20�.20
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Figure 19: The cosine of the angle between the ! and the A� 
ight direction in the A� restframe for the D�A� �nal state. (left) Data in the MB signal interval shown as points witherror bars. (right) The Monte Carlo expectation including detector acceptance for a spin-0A�.9.4 �o SelectionIf both bumps belong to a multi-bump region, they must come from the same region.We require that the diphoton invariant mass be between -3.0 to +2.5�, where �= 5.46MeV.
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Figure 20: The invariant mass spectra of �+���� for the �nal state D�+�+�����o forDo ! K��+. The solid histogram is the background estimate from the MB lower sidebandand the dashed histogram is from the �E sidebands; both are normalized to the �ttednumber of background events.
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Figure 21: The invariant mass spectra of D�+�o for �+���� masses between 0.6 - 1.6 GeV.for the �nal state D�+�+�����o with Do ! K��+. The solid histogram is the backgroundestimate from the MB lower sideband and the dashed histogram is from the �E sidebands;both are normalized to the �tted number of background events.
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Figure 22: The invariant mass spectra of �+�����o for �+���� masses between 0.6 - 1.6GeV. for the �nal state D�+�+�����o with Do ! K��+. The solid histogram is thebackground estimate from the MB lower sideband and the dashed histogram is from the �Esidebands; both are normalized to the �tted number of background events.
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