CLEO CONF 96-28 ICHEP96 PA05-75

Charged Particle Multiplicity in B-Meson Decay

CLEO Collaboration

(July 22, 1996)

Abstract

We have studied the charged particle multiplicity in B meson decays using the CLEO II detector at the Cornell Electron Storage Ring. Our measurement of the mean charge multiplicity in BB̄ events at the Υ(4S) resonance is 10.76 � 0.015�0.28 corresponding to a mean multiplicity of 5.38�0.008�0.14 charged tracks per B meson decay.

P. Avery,^1 M. Athanas,^1 C. D. Jones,^1 M. Lohner,^1 C. Prescott,^1 S. Yang,^1 J. Yelton,^1 J. Zheng,^1 G. Brandenburg,^2 R. A. Briere,^2 D. Y.-J. Kim,^2 T. Liu,^2 M. Saulnier,^2 R. Wilson,^2 H. Yamamoto,^2 T. E. Browder,^3 F. Li,^3 Y. Li,^3 J. L. Rodriguez,^3 T. Bergfeld,^4 B. I. Eisenstein,^4 J. Ernst,^4 G. E. Gladding,^4 G. D. Gollin,^4 E. Johnson,^4 I. Karliner,^4 M. Palmer,^4 M. Selen,^4 J. J. Thaler,^4 K. W. Edwards,^5 A. Bellerive,^6 D. I. Britton,^6 R. Janicek,^6 D. B. MacFarlane,^6 K. W. McLean,^6 P. M. Patel,^6 A. J. Sadoff,^7 R. Ammar,^8 P. Baringer,^8 A. Bean,^8 D. Besson,^8 D. Coppage,^8 C. Darling,^8 R. Davis,^8 N. Hancock,^8 S. Kotov,^8 I. Kravchenko,^8 N. Kwak,^8 S. Anderson,^9 Y. Kubota,^9 M. Lattery,^9 J. J. O’Neill,^9 S. Patton,^9 R. Poling,^9 T. Riehle,^9 A. Smith,^9 V. Savinov,^9 M. S. Alam,^{10} S. B. Athar,^{10} Z. Ling,^{10} A. H. Mahmood,^{10} H. Severini,^{10} S. Timm,^{10} F. Wappler,^{10} A. Anastassov,^{11} S. Blinov,^{11,∗} J. E. Duboscq,^{11} R. Fulton,^{11} D. Fujino,^{11} K. K. Gan,^{11} T. Hart,^{11} K. Honscheid,^{11} H. Kagan,^{11} R. Kass,^{11} J. Lee,^{11} M. Sung,^{11} A. Undrus,^{11,∗} R. Wanke,^{11} A. Wolf,^{11} M. M. Zoeller,^{11} B. Nemati,^{12} S. J. Richichi,^{12} W. R. Ross,^{12} P. Skubic,^{12} M. Wood,^{12} M. Bishai,^{13} J. Fast,^{13} E. Gerndt,^{13} J. W. Hinson,^{13} D. H. Miller,^{13} E. I. Shibata,^{13} I. P. J. Shipsey,^{13} M. Yurko,^{13} L. Gibbons,^{14} S. D. Johnson,^{14} Y. Kwon,^{14} S. Roberts,^{14} E. H. Thorndike,^{14} C. P. Jessop,^{15} K. Lingel,^{15} H. Marsiske,^{15} M. L. Perl,^{15} S. F. Schaffner,^{15} D. Ugolini,^{15} R. Wang,^{15} X. Zhou,^{15} T. E. Coan,^{16} V. Fadeyev,^{16} I. Korolkov,^{16} Y. Maravin,^{16} I. Narsky,^{16} V. Shelkov,^{16} R. Stroynowski,^{16} J. Staeck,^{16} I. Volobouev,^{16} J. Ye,^{16} M. Artuso,^{17} A. Efimov,^{17} M. Gao,^{17} M. Goldberg,^{17} R. Greene,^{17} F. Frasconi,^{17} D. He,^{17} S. Kopp,^{17} G. C. Moneti,^{17} R. Mountain,^{17} Y. Mukhin,^{17} S. Schuh,^{17} T. Skwarnicki,^{17} S. Stone,^{17} X. Xing,^{17} J. Bartelt,^{18} S. E. Csorna,^{18} V. Jain,^{18} S. Marka,^{18} A. Freyberger,^{19} R. Godang,^{19} D. Gibaut,^{19} K. Kinoshita,^{19} I. C. Lai,^{19} P. Pomianowski,^{19} S. Schrenk,^{19} G. Bonvicini,^{20} D. Cinabro,^{20} L. Perera,^{20} B. Barish,^{21} M. Chadha,^{21} S. Chan,^{21} G. Eigen,^{21} J. S. Miller,^{21} C. O’Grady,^{21} M. Schmidtler,^{21} J. Urheim,^{21} A. J. Weinstein,^{21} F. Würthwein,^{21} D. M. Asner,^{22} D. W. Bliss,^{22} W. S. Brower,^{22} G. Masek,^{22} H. P. Paar,^{22} J. Gronberg,^{23} C. M. Korte,^{23} D. J. Lange,^{23} R. Kutschke,^{23} S. Menary,^{23} R. J. Morrison,^{23} S. Nakanishi,^{23} H. N. Nelson,^{23} T. K. Nelson,^{23} C. Qiao,^{23} J. D. Richman,^{23} D. Roberts,^{23} A. Ryd,^{23} H. Tajima,^{23} M. S. Witherell,^{23} R. Balest,^{24} B. H. Behrens,^{24} K. Cho,^{24} W. T. Ford,^{24} H. Park,^{24} P. Rankin,^{24} J. Roy,^{24} J. G. Smith,^{24} J. P. Alexander,^{25} C. Bebek,^{25} B. E. Berger,^{25} K. Berkelman,^{25} K. Bloom,^{25} D. G. Cassel,^{25} H. A. Cho,^{25} D. M. Coffman,^{25} D. S. Crowcroft,^{25} M. Dickson,^{25} P. S. Drell,^{25} R. Ehrlich,^{25} R. Elia,^{25} A. D. Foland,^{25} P. Gaidarev,^{25} B. Gittelman,^{25} S. W. Gray,^{25} D. L. Hartill,^{25} B. K. Heltsley,^{25} P. I. Hopman,^{25} S. L. Jones,^{25} J. Kandaswamy,^{25} N. Katayama,^{25} P. C. Kim,^{25} D. L. Kreinick,^{25} T. Lee,^{25} Y. Liu,^{25} G. S. Ludwig,^{25} J. Masui,^{25} J. Mevissen,^{25} N. B. Mistry,^{25} C. R. Ng,^{25} E. Nordberg,^{25} M. Ogg,^{25,†} J. R. Patterson,^{25} D. Peterson,^{25} D. Riley,^{25} A. Soffer,^{25} and C. Ward^{25}

1University of Florida, Gainesville, Florida 32611 2Harvard University, Cambridge, Massachusetts 02138 3University of Hawaii at Manoa, Honolulu, Hawaii 96822

∗Permanent address: BINP, RU-630090 Novosibirsk, Russia.

†Permanent address: University of Texas at Austin.

4University of Illinois, Champaign-Urbana, Illinois 61801 5Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 6McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 7Ithaca College, Ithaca, New York 14850 8University of Kansas, Lawrence, Kansas 66045 9University of Minnesota, Minneapolis, Minnesota 55455 10State University of New York at Albany, Albany, New York 12222 11Ohio State University, Columbus, Ohio 43210 12University of Oklahoma, Norman, Oklahoma 73019 13Purdue University, West Lafayette, Indiana 47907 14University of Rochester, Rochester, New York 14627 15Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 16Southern Methodist University, Dallas, Texas 75275 17Syracuse University, Syracuse, New York 13244 18Vanderbilt University, Nashville, Tennessee 37235 19Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 20Wayne State University, Detroit, Michigan 48202 21California Institute of Technology, Pasadena, California 91125 22University of California, San Diego, La Jolla, California 92093 23University of California, Santa Barbara, California 93106 24University of Colorado, Boulder, Colorado 80309-0390 25Cornell University, Ithaca, New York 14853

I. INTRODUCTION

There has been great progress in understanding weak decays of the B meson in recent years. However, we do not yet have a good theoretical description of inclusive properties in B decays due to the nonperturbative nature of QCD at low energy. Properties such as the charged particle multiplicity are measured empirically and then used to tune theoretical models.

Charged particle multiplicity in B meson decay indirectly affects all B physics analyses at CLEO through the overall reconstruction efficiency of events from the Υ(4S) resonance. For some analyses, which use sophisticated event shape cuts or neutrino reconstruction via total energy and missing momentum of the event, the uncertainty in charge multiplicity is a potential source of systematic bias. Other B physics studies at LEP and the Tevatron, e.g., inclusive B tagging via secondary B vertex reconstruction, also rely on the CLEO measurement of the charged track multiplicity. The last CLEO measurement was performed in 1984 using approximately 50000 BB̄ decays from the Υ(4S) [1]. We present here a new measurement using roughly 30 times more data.

II. EVENT AND TRACK SELECTION

The data sample used in this study was collected with the CLEO-II detector [2] at the Cornell Electron Storage Ring (CESR). It consists of 1.4 fb^{−1} integrated luminosity on the Υ(4S) resonance (1.5 million BB̄ events) and 633 pb^{−1} at a center-of-mass energy 65 MeV below the resonance.

Charged particles are tracked with three concentric cylindrical wire chambers extending from 4 cm to 95 cm radially from the beam axis and operating in a 1.5 T magnetic field. The outer tracking chamber measures specific ionization (dE/dx) which is used for particle identification. The tracking chambers are followed by time-of-flight counters which provide additional particle identification information. Beyond these counters but still inside the superconducting magnet coil is an electromagnetic calorimeter consisting of 7800 CsI crystals covering 98% of the solid angle. Outside the coil is an iron yoke for field return with chambers interspersed for muon identification.

Hadronic events are selected by requiring a minimum of three charged tracks and the energy deposited in the calorimeter to be greater than 15% of the center-of-mass energy. Charged tracks are required to have z impact parameter less than 5 cm and r − ϕ impact parameter within 1 cm of the beam spot. Each track must have momentum greater than 50 MeV/c and lie inside the region |cosθ| < 0.9, where θ is the polar angle.

In this analysis we assume that the Υ(4S) decays only to a pair of B mesons. The major source of background results from continuum processes, such as e^+e^− → qq̄ and τ^+τ^−, under the Υ(4S) resonance. The yield of events with a given multiplicity is measured in both the On-4S and Below-4S data samples. The yields from B meson decays are determined by subtracting the distribution obtained in the Below-4S sample, scaled for the relative luminosities between the On-4S and Below-4S data and corrected for 1/s scaling (about 1%) in the e^+e^− annihilation cross section, from the On-4S sample.

There are also other types of background events such as beam-gas and beam-wall events, which are left over after the continuum subtraction, due to changes in CESR beam conditions. These events are suppressed by requiring that each event must satisfy the following criteria: 4 GeV < |E tot = ∑ E_i| < 12 GeV | ⃗P miss = ∑ ⃗p_i| < 3 GeV/c. We estimate how many of these events still pass through the cuts from the study of beamgas events with the Z position of the event vertex displaced from the interaction point, and effectively subtract them (approximately 0.2% of the BB̄ events).

III. MULTIPLICITY MEASUREMENT AND UNFOLDING

The charge multiplicity of each hadronic event, m, is determined by summing the number of charged tracks which pass the above track quality cuts. The reconstructed charge multiplicity distributions for the On-4S and scaled Below-4S data are shown in Figure 1(a). The charge multiplicity distribution after the continuum subtraction is shown in Figure 1(b). To unfold the actual multiplicity distribution from the observed multiplicity distribution in Figure 1(b), we apply a fitting method as described below.

Using BB̄ Monte Carlo, we determine the actual charge multiplicity, n, and the observed multiplicity, m, for each Monte Carlo event. This allows us to construct an observed charge multiplicity histogram for each value of n. Thirteen histograms (n = 2 to 26) determined in this way are used as a basis set of functions in MINUIT [3], to fit the observed multiplicity distribution in Figure 1(b). Charged tracks produced in secondary vertices from long-lived particles such as K_S and Λ are included as long as they decay within the detector volume. The fit to the data is shown in Figure 2. The results of the fit after χ^2 minimization are shown in Figure 3. For each n, the fitted number of events, N_n, in the data is shown.

The mean charge multiplicity is calculated by averaging the number of events for each N_n weighted by n. The statistical error on the mean multiplicity is calculated using the full covariant error matrix returned from MINUIT since the 13 coefficients are highly correlated. The measured mean charge multiplicity in BB̄ events is 10.76 ± 0.015, which is about 0.24 tracks lower than the previous CLEO measurement [1].

IV. SYSTEMATIC UNCERTAINTY

Even though the single track efficiency for CLEO II data is known to better than 1% [5], it is the largest source of systematic uncertainty in this analysis. The effect on the multiplicity measurement from changing the single track efficiency is difficult to determine in the CLEO Monte Carlo, which is a GEANT [4] simulation, because there is no simple mechanism to vary the tracking efficiency. Hence, we parameterize the reconstructed charge multiplicity distribution for each n-track multiplicity with the binomial distribution,

B^n_ε (m) = ( n m ) ε^m(ε − 1)^{n−m}, (1)

FIG. 1. (a) Reconstructed charge multiplicity distributions for the On-4S data (solid histogram) and the luminosity-scaled Below-4S data (dashed histogram); (b)Charge multiplicity distribution after the continuum subtraction. Error bars are plotted.

FIG. 2. The observed charge track distribution shown in Figure 1(b) is fitted with the thirteen histograms.

FIG. 3. Unfolded actual charged track multiplicity distribution of the BB̄ events from the χ^2 fit. The mean charge multiplicity is 10.76 � 0.015. The error bars for each data point are calculated by adding the statistical and systematic errors in quadrature.

where ε, n and m are the effective single track efficiency, parent and reconstructed charge multiplicities, respectively. Describing the reconstructed distributions with binomial distributions is appropriate since the effective single track efficiency ε represents the probability of finding a charged track, while the complement 1 − ε represents the probability of not finding it. Varying these effective efficiencies by an amount corresponding to a ±1 % variation in the tracking efficiency results in a^{+1.8}_{−1.6} % change in the unfolded mean multiplicity. We assign a systematic error of 2% in the mean charge multiplicity due to tracking uncertainty.

Another source of systematic uncertainty due to tracking is the minimum momentum cut of 50 MeV/c, below which tracking efficiency in the CLEO wire chambers drops off. After varying this cut over the range of 50 MeV/c to 200 MeV/c, we assign a 0.6% systematic error from this source. The two tracking systematic errors are added linearly to give a total tracking systematic error of 2.6%

Systematic errors due to other sources are negligible. The luminosity ratio between the On-4S and Below-4S data is very well measured at CLEO, to better than 0.1% [6]. Varying this ratio by 0.1% results in a 0.1% change in the mean multiplicity. Another source of systematic uncertainty is the dip angle cut on each track. At large |cosθ| values, tracks have fewer hits in the wire chambers and the tracking efficiency drops. Varying the dip angle cut from |cosθ| < 0.9 to 0.8 results in a 0.1% change in the mean multiplicity. Thus we arrive at a total systematic error of ±2.6% for the measurement.

V. CONCLUSION

We have measured the charged particle multiplicity in Υ(4S) decays with a mean multiplicity of 10.76±0.015±0.28, where the first error is statistical and the second systematic. Assuming that 100% of Υ(4S) decays to BB̄ pairs and BB̄ production contains an equal mixture of B^+B^− and B^0B̄^0, we obtain a mean multiplicity of 5.38±0.008±0.14 charged tracks per B meson decay, compared to the 1984 CLEO measurement of 5.50 ± 0.03 ± 0.15.

Separate measurements of the charged track multiplicities in semi-leptonic and hadronic B meson decays will be forthcoming in the near future.

ACKNOWLEDGMENTS We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. J.P.A., J.R.P., and I.P.J.S. thank the NYI program of the NSF, M.S thanks the PFF program of the NSF, G.E. thanks the Heisenberg Foundation, K.K.G., M.S., H.N.N., T.S., and H.Y. thank the OJI program of DOE, J.R.P, K.H., and M.S. thank the A.P. Sloan Foundation, and A.W., and R.W. thank the Alexander von Humboldt Stiftung for support. This work was supported by the National Science Foundation, the U.S. Department of Energy, and the Natural Sciences and Engineering Research Council of Canada.

REFERENCES

[1] P. Avery in Flavor Mixing in Weak Interactions, Plenum (1984); M.S. Alam et al. (CLEO Collaboration), Charged-Particle Multiplicities in B-Meson Decay, Phys. Rev. Lett. 49, 357 (1982).

[2] Y. Kubota et al. (CLEO Collaboration), The CLEO-II detector, Nucl. Instrum. Meth. A 320, 66 (1992).

[3] I. Brock, A fitting and Plotting Package Using MINUIT, CLEO/CSN Note 245-B, Revised (1992); F. James, MINUIT, Function Minimization and Error Analysis, CERN Program Library Long Writeup D506, Mar. 1994.

[4] GEANT 3.15: R. Brun et al., CERN DD/EE/84-1.

[5] D. Besson, Probing Single Track Measurement Errors, CLEO/CBX Note 95-46 (1995);

D. Besson, Charged Particle Tracking Systematic Errors in BB̄ events, CLEO/CBX Note 96-1 (1996).

[6] G. Crawford et al., Luminosity Measurement with the CLEO II Detector, Nucl. Instrum.

Meth. A345, 429 (1994); B. Heltsley, Luminosity Redux, CLEO/CBX Note 93-95 (1993)