CLEO CONF 96-1 ICHEP96 PA05-96

Search for the Rare Hadronic Decay B ! pp̄

CLEO Collaboration

(July 22, 1996)

Abstract

We have searched for the rare hadronic decay B ! pp̄. We see no evidence for any signal, and find an upper limit branching fraction of 1.1 �10^{−5}.

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

1Harvard University, Cambridge, Massachusetts 02138 2University of Hawaii at Manoa, Honolulu, Hawaii 96822 3University of Illinois, Champaign-Urbana, Illinois 61801

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

†Permanent address: University of Texas at Austin.

4Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 5McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 6Ithaca College, Ithaca, New York 14850 7University of Kansas, Lawrence, Kansas 66045 8University of Minnesota, Minneapolis, Minnesota 55455 9State University of New York at Albany, Albany, New York 12222 10Ohio State University, Columbus, Ohio 43210 11University of Oklahoma, Norman, Oklahoma 73019 12Purdue University, West Lafayette, Indiana 47907 13University of Rochester, Rochester, New York 14627 14Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 15Southern Methodist University, Dallas, Texas 75275 16Syracuse University, Syracuse, New York 13244 17Vanderbilt University, Nashville, Tennessee 37235 18Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 19Wayne State University, Detroit, Michigan 48202 20California Institute of Technology, Pasadena, California 91125 21University of California, San Diego, La Jolla, California 92093 22University of California, Santa Barbara, California 93106 23University of Colorado, Boulder, Colorado 80309-0390 24Cornell University, Ithaca, New York 14853 25University of Florida, Gainesville, Florida 32611

I. INTRODUCTION

CLEO has previously reported a few measurements of and a large number of upper limits for charmless B decays into mesons. The simplest, and easiest to measure, rare baryonic decay is B → pp̄. It is the b → u analog of the b → c decay B → Λ_cp̄. Thus, a naive prediction is that Br(B → pp̄)/Br(B → Λ_cp̄) ≈ |V_{ub}/V_{cb}|^2 (neglecting a phase space factor of 1.25) . CLEO has an upper limit measurement of 2.1×10^{−4} [1] for the branching fraction for B → Λ_cp̄. Thus, for pp̄, we would expect a branching fraction of at most 2×10^{−6}.

II. DATA SAMPLE AND EVENT SELECTION

The data used in this analysis were selected from hadronic events produced in e^+e^− annihilations at the Cornell Electron Storage Ring (CESR). The data sample consists of an integrated luminosity of 2.85 fb^{−1} collected on the Υ(4s) resonance and 1.42 fb^{−1} at a centerof-mass energy just below the threshold for producing BB̄ mesons (referred to as continuum data).The on-resonance data corresponds to 3.05×10^6 B^0’s (including B̄^0) in our sample.

Standard CLEO rare hadronic cuts have been applied [2] including a Fisher Discriminant cut. Since the kinematics for the pp̄ decay are identical to the Kπ/ππ decays, the same Fisher Discriminant is used.

Protons from the pp̄ decay of the B meson have a central momentum of 2.47 GeV/c. Accepted events are required to have two oppositely charged tracks with momenta within the range 2.5± 0.5 GeV/c. The beam constrained mass, M_B, must be within ± 5 Mev of the B mass and ΔE must be within the range 0± 50 Mev(2σ), where M_B = qE_{beam} − P_i p^2_i and ΔE = E_1 + E_2 − E_{beam}.

A pion misidentified as a proton has an energy 166 Mev less than a real proton, while, for a misidentified Kaon, the energy difference is 121 Mev. Thus, with an energy resolution of 25 Mev, there can be no contamination from ππ or Kπ decays of the B.

Protons are identified by the use of both dE/dx and time-of-flight. For dE/dx , the πp separation is 1.8 sigma while,unfortunately, the Kp separation is zero near 2.5 Gev/c. On the other hand,the time-of-flight Kp separation is 1.0 sigma and the πp separation is 1.4 sigma. The information from both devices was combined to obtain a particle ID probability.

A. pp̄ selection

In order to best identify the event, a two-particle probability was calculated for the candidate tracks (e.g. Prob(pp) is the probability that both tracks are protons, Prob(pπ) is the probability that the first track is a proton and the second is a pion, etc.). Since continuum events constitute the only background, there are nine possible combinations of π, K and p. Identification is made using a likelihood ratio, L(xy)= Prob(xy)/Prsum, where Prsum is the sum of all nine two-particle probabilities. Prsum is required to be greater than 0.01.

We expect the largest background to be due to a real proton and a pion. Thus we require that L(pp) > L(pπ) and L(pp) > L(πp). In addition, it is required that L(pp) ≥ 0.19. This was determined by optimizing signal/ √ background where the signal was obtained from pp̄

Monte Carlo [3] and the background from continuum data with the event-shape cuts relaxed. The L(pp) cut has an efficiency for signal of 0.77 while rejecting 70% of the background.

III. RESULTS

After applying all the cuts outlined above, we find one event in the signal region. Figure 1 shows all the events in the M_B-ΔE grand sideband region. As for measured backgrounds, there are no events in the signal region for continuum runs and the grand sideband region for the on-resonance runs indicate that there are less than 0.5 events expected in the signal region. To quote a conservative upper limit, we take the background to be zero.

The efficiency, using a pp̄ Monte Carlo, is 0.142±0.005. Following our usual procedure, we reduce this by one sigma. In addition, we also reduce the efficiency by its 20% systematic error.

With one signal event and no background, the 90% confidence level upper limit is 3.9 events. The resulting upper limit on the branching fraction for B → pp̄ is 1.1 ×10^{−5}. This is almost a factor of 2 smaller than the ALEPH limit of 2×10^{−5} [4].

ACKNOWLEDGEMENTS 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.

FIG. 1. Beam constained mass vs. ΔE for accepted events

REFERENCES

[1] CLEO Collaboration, X. Fu et al., CLNS 96/1397, submitted to PRL [2] CLEO Collaboration, D.M. Asner et al., Search for Exclusive Charmless Hadronic B Decays, PRD 53,1039(1996) [3] The Monte Carlo simulation employs the CERN GEANT package: R. Brun et al ., GEANT 3.15, CERN DD/EE/84-1 [4] Search for Exclusive Charmless Decays of the B meson, Paper contributed to meeting of the European Physical Societies, Brussels, 1995, EPS-0399