
CBX 00-31M. ArtusoS. StoneJ. C. WangMay, 2000Spin-parity Analysis of an !�� EnhancementSeen in B ! D!�� DecaysAbstractWe report on the observation of B ! D!�� decays. The branching ratio's forD+ and Do are (0.28�0.05�0.03)% and (0.41�0.07�0.04)%, respectively. The !��appears to come from the decay of a resonance of mass 1418�26 MeV and width388�44 MeV, that has a JP of 1�.1 IntroductionWe have previously reported (CBX-0016)[1] on the reactions B ! D�!��, where we seenthat the !�� appear to arise from the decay of a wide resonance of mass 1419�33 MeVand width 382�44 MeV. However the vector-vector nature of the �nal state allowed us toconclude only that the intrinsic angular momentum was greater than zero.Here we study the reactions B ! D!��, with either a Do ! K��+ or D+ ! K��+�+decay. Observing these �nal states means engaging in a war with backgrounds. Using otherDo or D+ decays means losing that war.We 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.2 Observation of B ! D!�� Decays2.1 Event selectionTrack candidates are required to pass a series of cuts listed in the appendix. Photon can-didates are required to be within the \good barrel region," within 45� of the normal to thebeam line.We require that the invariant mass of the candidates lie within �2:5� of the known Dmasses. The �'s are listed in Table 1. The Do widths vary with the Do momentum, p, (unitsof MeV). We did not �nd signi�cant di�erences between the CLEO II and II.V data sets.Neutral 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 (see1



Table 1: Mass Resolutions (�) in MeVDo ! K��+ D+ ! K��+�+p�0.93�10�3+6.0 6.0appendix). The photons pairs then are required to have an invariant mass within -3 and+2.5� of the �o mass. The energy and momentum of �o candidate is derived from massconstraint �t.To reject continuum we require that the Fox-Wolfram moment R2 be less than 0.3 [2].Although we are restricting our search to !'s, we de�ne two �+���0 samples. Onewithin 20 MeV of the known ! mass (782 MeV) and the other in either low mass or highmass sideband de�ned as three � mass either between 732 and 752 MeV or between 812 and832 MeV. We also require a cut on the ! Dalitz plot, de�ned in CBX-0016 [1], of r < 0:7:For both samples, we calculate the di�erence between the beam energy, Ebeam, and themeasured energy of the three particles, �E. The \beam constrained" invariant mass of theB candidates, MB, is computed from the formulaM2B = E2beam � (Xi �!pi )2 : (1)To further reduce backgrounds we de�ne�2b =  �MD�(�MD)!2 +  �M!�(�M!)!2 +  �M�o�(�M�o)!2 ; (2)where �MD is the invariant candidate Do mass minus the known Do mass, �M! is theinvariant candidate ! mass minus the known ! mass, and �M�o is the measured 

 invariantmass minus the known �o mass. The �'s are the measurement errors. We select candidateevents requiring that �2b < Cn, where Cn varies for each decay D decay mode. For the K�and K�� decay modes we use Cn = 12; and 6, respectively. The �2b spectra for data andMonte Carlo are shown in Fig. 1.2.2 B� ! Do!�� SignalWe start with theDo ! K��+ decay mode, for events in the ! peak. We show the candidateB mass distribution, MB for events with the di�erence between the measured B energy andthe beam energy, �E, is not centered on zero but is in the bands from -7.0 to -3.0� and 7.0to 3.0� on Fig. 2(a). The �E resolution is 18 MeV (�): This gives a good representation ofthe background in the 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.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 the2
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0 5 10 15Figure 1: The �2b spectra for the �nal state B ! D!�� for (a)Do ! K��+ and (b)D+ !K��+�+. The solid line is the data, the dashed signal Monte Carlo and the arrows indicatethe selected cut values. For the data we restrict �E to be within of 2� zero and an MB tobe within 2� of the known Bo mass.background function found above whose normalization is allowed to vary. We �nd 88�14events in the signal peak.We repeat this procedure for events in the ! sidebands. We use for our �2b de�nitionpseudo-! masses in the sideband intervals. We show the MB distribution for events in the�E sideband, de�ned above, and those having �E within 2� around zero in Fig. 3. We �ndno signi�cant signal.2.3 Bo ! D+!�� SignalWe repeat this procedure for the D+ decay mode. We show the candidate B mass distri-bution, MB for events with the di�erence between the measured B energy and the beamenergy, �E, is not centered on zero but is in the bands from -7.0 to -3.0� and 7.0 to 3.0�on Fig. 4(a). The �E resolution is 18 MeV (�): This gives a good representation of thebackground in the signal region. We �t this distribution with a shape given asback(r) = p1rp1� r2e�p2(1�r2) ; (4)where r = MB=5:2895, and the pi are parameters given by the �t.We next view the MB distribution for events having �E within 2� around zero inFig. 4(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 91�18events in the signal peak.We repeat this procedure for events in the ! sidebands. We show the MB distributionfor both �E sidebands and �E within 2� around zero in Fig. 5.There is no evidence of any signal in the ! sideband plot, leading to the conclusion thatthe signal is associated purely with !. 3
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5.2 5.22 5.24 5.26 5.28 5.3Figure 2: The B candidate mass spectra for the �nal stateD0!��, withDo ! K��+. (a) for�E sidebands, and (b) for �E consistent with zero. The vertical scale in (a) was multipledby 0.5 to facilitate comparison. The curve in (a) is a �t to the background distributiondescribed in the text, while in (b) the shape from (a) is used with the normalization allowedto 
oat and a signal Gaussian of width 2.7 MeV is added.3 Branching FractionsWe can view the signal by selecting those events in the MB signal region within 2� of theB mass, and plotting the �E distribution, as shown in Fig. 6. Clear peaks near �E of zeroare seen. (We don't use this �gure any further, but include it for those who like to see it.)We determine the branching ratios, shown in Table 2, by performing a Monte Carlosimulation of the e�ciencies in the two modes. We use the current particle data groupvalues for the relevant !, D+ and Do branching ratios of (88.8�0.7)% (! ! �+���o),(9.0�0.6)% (D+ ! K��+�+) and (3.85�0.09)% (Do ! K��+) [3]. The e�ciencies listedin the Table does not include these branching ratios [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, and �5.4%for the �o [5]. The error due to the background shape is evaluated in three ways. First ofall, we change the background shape by varying the �tted parameters by 1�. This resultsin a change of �5.0%. Secondly, we allow the shape, p2, to vary (the normalization, p1, was4
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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 D0!��, with Do ! K��+ and! sidebands (a) for �E sidebands and (b) for �E consistent with zero.already allowed to vary). This results in 5.5% increase in the number of events. Finally, wechoose a di�erent background functionback0(r) = p1rp1� r2 �1 + p2r + p3r2 + p4r3� ; (5)and repeat the �tting procedure. This results in a 1.0% decrease in the number of events.Taking a conservative estimate of the systematic error due to the background shape we arriveat �5.5%. Table 2: Branching Fractions for the D!�� �nal stateDo Decay Mode Fitted # of events E�ciency Branching Fraction (%)K��+ 88�14 0.064 0.41�0.07�0.04K��+�+ 91�18 0.046 0.28�0.05�0.03
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5.2 5.22 5.24 5.26 5.28 5.3Figure 4: The B candidate mass spectra for the �nal state D+!��, with D+ ! K��+�+ (a)for �E sidebands and (b) for �E consistent with zero. The vertical scale in (a) was multipledby 0.5 to facilitate comparison. The curve in (a) is a �t to the background distributiondescribed in the text, while in (b) the shape from (a) is used with the normalization allowedto 
oat and a signal Gaussian of width 2.7 MeV is added.4 The !�� SystemFor all subsequent discussions we add the Do and D+ �nal states together.We select sample of !'s in the �+���o mass window of 782�20 MeV with Dalitz plotselection of r < 0:7 (see CBX-0016 for details).In Fig. 7 we show the !o�� mass spectrum in the left-side plot. The solid histogram showsevents from the lower MB sideband region (5.203 - 5.257 GeV) suitably normalized. Thedotted histogram shows the background estimate from the �E sidebands, again normalized.In the signal distribution there is a wide structure around 1.4 GeV, that is inconsistent withbackground. We re-determine the !�� mass distribution by �tting the MB distribution inbins of !�� mass, and this is shown on the right-side. Fitting to a Breit-Wigner function,we �nd a peak value of 1415�43 MeV and a width of 419�110 MeV. Since the !�� massdistribution is obtained by �tting theMB distribution, systematic errors in the Breit-Wigner�t are negligable. However, ite should be kept in mind that this particular signal shape is6
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5.2 5.22 5.24 5.26 5.28 5.3Figure 5: The B candidate mass spectra for the �nal state D+!��, with D+ ! K��+�+and ! sidebands (a) for �E sidebands and (b) for �E consistent with zero.assumed to be correct. Other resonant or non-resonant contributions could a�ect the massand width.This structure is almost identical to the one we observed in B ! D�!�� decays inCBX-0016, that we call the A�.5 Angular DistributionsWe may be able to determine the spin and parity of the A particle by studying the angulardistributions characterizing its decay products. The decay chain that we are considering isB ! A D; A! !� and ! ! �+���o. The helicity formalism[6], [7], [8] is generally used inthe analysis of these sequential decays. This formalism is well suited to relativistic problemsinvolving particles with spin ~S and momentum ~p because the helicity operator h = ~S � ~p isinvariant under both rotations and boosts along p̂.There are two relevant reference frames. The �rst one, that we will de�ne xAyAzA is therest frame of the A particle, with the ẑA axis pointing in the A direction of motion in the Brest frame. The second one, x!y!z!, is related to xAyAzA by the rotation through 3 Eulerangles �A; �A;��A, as shown in Fig. 8. The angle �A de�nes the orientation of the plane7
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in as a function of the various angular quantities cos �A, cos �!, �. We restrict the !�� massrange to be between 1.1 and 1.7 GeV, a total of 104 events. In order to �t the angulardistribution with theoretical expectations, we must the correct the data for acceptances.We determine the acceptance correction by comparing the Monte Carlo generated angulardistributions with the reconstructed distributions. The angular dependent e�ciencies areshown in Fig. 9.
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Figure 9: Reconstruction e�ciency dependence on (a) cos �A, (b) cos �!, and (c) �.The corrected angular distributions are shown in Fig. 10. The data are �t to the expec-tations for the various JP assignments. For the 0�, 1� and 2+ assignments, the curves havea �xed shape. For the 1+ and 2� assignments we let the ratio between the longitudinal andtransverse amplitudes vary to best �t the data. We notice that the ! polarization is veryclearly transverse (sin2 �!) and that infers a 1� or 2+ assignment.We list in Table 5 the �2=ndof for the di�erent JP assignments. The 1� assignmentis preferred, having a �2=ndof of 1.7. The other assignments are clearly ruled out. Theprobability that we have a correct solution and �2=ndof is 1.7 or greater is 3.8% [9].Table 5: The �2 of angular �ts0� 1+ 1� 2+ 2��2=ndof 7.0 4.5 1.7 3.2 5.3probability 1:9 � 10�15 3:3 � 10�8 3.8% 2:7� 10�5 3:3� 10�10
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6 ConclusionsThe A� is most likely the elusive �0 [10]. Combining with our previous measurements inthe D�!�� �nal states we determine a value of the mass of 1418�26 MeV and the width of388�41 MeV. These are by far the most accurate and least model dependent measurementsof the �0 parameters.We have made the �rst statistically signi�cant observations of two hadronic B decays:Bo ! D+!��, and B� ! Do!��. The branching fractions are (0.28�0.05�0.03)% and(0.41�0.07�0.04)%, respectively. These are similar to the corresponding D� �nal states, aresult not unexpected in the factorization assumption.From the D!�� �nal states we determine the mass and width to be 1415�43 MeV and419�110 MeV. Combining with the D�!�� results we �nd 1418�26 MeV and 388�41 MeV.References[1] R. Ayad, S. Stone and J. C. Wang, CBX 00-16.[2] G. Fox and S. Wolfram, Phys. Rev. Lett. 23, 1581 (1978).[3] C. Caso et al., The European Physical Journal C3 (1998) 1.[4] We assume that !� is in a 1� �nal state. The di�erence between the 1� e�ciency and
at assumption is less than 2[5] S. Schuh and S. Stone, CBX 00-7.[6] M. Jacob and G.C. Wick, Ann. Phys. (N.Y.) 7 (1959) 404.[7] J. D. Jackson, in High Energy Physics, Les Houches, 1965, Gordon and Breach, NY(1966).[8] M.L. Perl, High Energy Hadron Physics, Wiley, NY (1974).[9] We allowed a systematic error of 5.5% on the number of events in each angular binresulting possibly from the �tting proceedure to the MB spectrum. This changed theprobability of �2 for the 1� case to 3.9% from 3.8%, and negligible changes in the othercases.[10] A. B. Clegg and A. Donnachie, Z. Phys. C 62, 455 (1994).7 Appendix: Details of Selection Requirements7.1 Charged Track CutsTracks must pass Trackman.Kincd must be zero.These are the only cuts for the slow pion from the D�+12



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 <0.057.2 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).7.3 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�.7.4 �o SelectionPhotons are selected from bumps. If both bumps belong to a multi-bump region, they mustcome 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 10: The angular distribution of �A (top-left), �! (top-right) and � (bottom). Thecurves show the best �ts to the data for for di�erent JP assignments. (The 0� and 1+ arealmost indistinguishable in cos �A, while the 1� and 2+ are indistinguishable in cos �! and�. 14


