arXiv:hep-ex/0408143 v2 28 Feb 2005

Search for B^0 → pp, ΛΛ and B^+ → pΛ at Belle

M.-C. Chang,^{40, 24} K. Abe,^7 K. Abe,^{39} I. Adachi,^7 H. Aihara,^{41} Y. Asano,^{45} T. Aushev,^{11} S. Bahinipati,^4 A. M. Bakich,^{36} I. Bedny,^1 U. Bitenc,^{12} I. Bizjak,^{12} S. Blyth,^{24} A. Bondar,^1 A. Bozek,^{25} M. Bračko,^{7, 18, 12} J. Brodzicka,^{25} T. E. Browder,^6 P. Chang,^{24} Y. Chao,^{24} A. Chen,^{22} K.-F. Chen,^{24} W. T. Chen,^{22} B. G. Cheon,^3 R. Chistov,^{11} S.-K. Choi,^5 Y. Choi,^{35} A. Chuvikov,^{48} S. Cole,^{36} J. Dalseno,^{19} M. Danilov,^{11} M. Dash,^{46} A. Drutskoy,^4 S. Eidelman,^1 Y. Enari,^{20} S. Fratina,^{12} N. Gabyshev,^1 T. Gershon,^7 A. Go,^{22} G. Gokhroo,^{37} B. Golob,^{17,12} A. Gorišek,^{12} J. Haba,^7 T. Hara,^{29} K. Hayasaka,^{20} H. Hayashii,^{21} M. Hazumi,^7 L. Hinz,^{16} T. Hokuue,^{20} Y. Hoshi,^{39} S. Hou,^{22} W.-S. Hou,^{24} Y. B. Hsiung,^{24} T. Iijima,^{20} A. Imoto,^{21} K. Inami,^{20} A. Ishikawa,^7 R. Itoh,^7 M. Iwasaki,^{41} J. H. Kang,^{47} J. S. Kang,^{14} N. Katayama,^7 H. Kawai,^2 T. Kawasaki,^{27} H. R. Khan,^{42} H. Kichimi,^7 H. J. Kim,^{15} S. K. Kim,^{34} S. M. Kim,^{35} P. Križan,^{17, 12} P. Krokovny,^1 R. Kulasiri,^4 S. Kumar,^{30} C. C. Kuo,^{22} A. Kuzmin,^1 Y.-J. Kwon,^{47} G. Leder,^{10} S. E. Lee,^{34} Y.-J. Lee,^{24} T. Lesiak,^{25} J. Li,^{33} S.-W. Lin,^{24} D. Liventsev,^{11} J. MacNaughton,^{10} G. Majumder,^{37} F. Mandl,^{10} T. Matsumoto,^{43} A. Matyja,^{25} Y. Mikami,^{40} W. Mitaroff,^{10} K. Miyabayashi,^{21} H. Miyake,^{29} H. Miyata,^{27} R. Mizuk,^{11} D. Mohapatra,^{46} G. R. Moloney,^{19} T. Nagamine,^{40} Y. Nagasaka,^8 E. Nakano,^{28} M. Nakao,^7 H. Nakazawa,^7 Z. Natkaniec,^{25} S. Nishida,^7 O. Nitoh,^{44} S. Ogawa,^{38} T. Ohshima,^{20} T. Okabe,^{20} S. Okuno,^{13} S. L. Olsen,^6 W. Ostrowicz,^{25} H. Ozaki,^7 H. Palka,^{25} C. W. Park,^{35} H. Park,^{15} N. Parslow,^{36} L. S. Peak,^{36} R. Pestotnik,^{12} M. Peters,^6 L. E. Piilonen,^{46} N. Root,^1 H. Sagawa,^7 Y. Sakai,^7 N. Sato,^{20} T. Schietinger,^{16} O. Schneider,^{16} P. Schönmeier,^{40} J. Schümann,^{24} M. E. Sevior,^{19} H. Shibuya,^{38} B. Shwartz,^1 V. Sidorov,^1 J. B. Singh,^{30} A. Somov,^4 N. Soni,^{30} R. Stamen,^7 S. Stanič,^{45, ∗} M. Starič,^{12} K. Sumisawa,^{29} T. Sumiyoshi,^{43} S. Y. Suzuki,^7 O. Tajima,^7 F. Takasaki,^7 K. Tamai,^7 N. Tamura,^{27} M. Tanaka,^7 G. N. Taylor,^{19} Y. Teramoto,^{28} X. C. Tian,^{31} T. Tsukamoto,^7 S. Uehara,^7 T. Uglov,^{11} K. Ueno,^{24} S. Uno,^7 P. Urquijo,^{19} G. Varner,^6 K. E. Varvell,^{36} S. Villa,^{16} C. C. Wang,^{24} C. H. Wang,^{23} M.-Z. Wang,^{24} Y. Watanabe,^{42} Q. L. Xie,^9 B. D. Yabsley,^{46} A. Yamaguchi,^{40} H. Yamamoto,^{40} Y. Yamashita,^{26} M. Yamauchi,^7 J. Ying,^{31} C. C. Zhang,^9 J. Zhang,^7 L. M. Zhang,^{33} Z. P. Zhang,^{33} V. Zhilich,^1 and D. Žontar^{17, 12} (The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2 Chiba University, Chiba 3Chonnam National University, Kwangju 4University of Cincinnati, Cincinnati, Ohio 45221 5Gyeongsang National University, Chinju 6University of Hawaii, Honolulu, Hawaii 96822 7High Energy Accelerator Research Organization (KEK), Tsukuba 8Hiroshima Institute of Technology, Hiroshima 9Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 10Institute of High Energy Physics, Vienna 11 Institute for Theoretical and Experimental Physics, Moscow 12 J. Stefan Institute, Ljubljana 13Kanagawa University, Yokohama 14Korea University, Seoul 15 Kyungpook National University, Taegu 16Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne 17University of Ljubljana, Ljubljana 18University of Maribor, Maribor 19University of Melbourne, Victoria 20Nagoya University, Nagoya 21Nara Women’s University, Nara 22National Central University, Chung-li 23National United University, Miao Li 24Department of Physics, National Taiwan University, Taipei 25H. Niewodniczanski Institute of Nuclear Physics, Krakow 26Nihon Dental College, Niigata 27Niigata University, Niigata 28Osaka City University, Osaka 29Osaka University, Osaka 30Panjab University, Chandigarh

31Peking University, Beijing 32Princeton University, Princeton, New Jersey 08544 33University of Science and Technology of China, Hefei 34Seoul National University, Seoul 35Sungkyunkwan University, Suwon 36University of Sydney, Sydney NSW 37Tata Institute of Fundamental Research, Bombay 38Toho University, Funabashi 39Tohoku Gakuin University, Tagajo 40Tohoku University, Sendai 41Department of Physics, University of Tokyo, Tokyo 42Tokyo Institute of Technology, Tokyo 43Tokyo Metropolitan University, Tokyo 44Tokyo University of Agriculture and Technology, Tokyo 45University of Tsukuba, Tsukuba 46Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 47Yonsei University, Seoul 48Princeton University, Princeton, New Jersey 08545

We report results of a search for the charmless two-body baryonic decays B^0 → pp, B^0 → ΛΛ, and B^+ → pΛ based on the analysis of a 140 fb^{−1} data sample. We set 90% confidence level upper limits on their branching fractions: B(B^0 → pp) < 4.1 ×10^{−7}, B(B^0 → ΛΛ) < 6.9 ×10^{−7} , and B(B^+ → pΛ) < 4.9 ×10^{−7}.

PACS numbers: 13.25.Hw

Motivated by the recent observation of the two-body baryonic decay B^0 → Λ^+_c p [1], we search for charmless two-body baryonic decays, B^0 → pp, B^0 → ΛΛ, and B^+ → pΛ. Previous work on these channels set upper limits on the branching fractions at the O(10^{−6}) level [2].

Unexpected, large, transverse polarization has recently been measured in B → ϕK^∗ decay [3]. Measuring the polarization in two-body baryonic decays has been proposed [4] as a means to shed light on its origin. This could provide the key to understanding whether there is new physics in charmless B → V V decays.

Recent observations of three-body B decays containing baryons in the final states [5] suggest that production is enhanced at low invariant masses of the baryon system. Some theorists suggest that baryon production is favored by the reduced energy release on the baryon side [6]. The rates for three-body baryonic decays are large because the baryonic daughters can form more readily when an energetic meson is recoiling against the di-baryon system. In this paper we study the complementary suppression of two-body baryonic decays. The results presented here are based on a 140 fb^{−1} data set, corresponding to 152 million BB pairs, collected with the Belle detector at KEKB [7], an asymmetric e^+e^− collider operating at the Υ(4S) resonance [8].

The Belle detector is a large-solid-angle magnetic spectrometer that consists of a three-layer silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), time-of-flight scintillation counters (TOF), and an array of CsI(Tl) crystals, all located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside of the coil is instrumented to detect K^0_L mesons and to identify muons (KLM). The detector is described in detail elsewhere [9].

Tracking information is collected by the SVD and the CDC. For each primary charged track, the impact parameter relative to the run-by-run interaction point (IP) is required to be within 2 cm along the z axis (aligned opposite the positron beam) and within 0.05 cm in the plane transverse to this axis.

Particle identification (PID) for protons, kaons and pions is determined from the CDC specific ionization (dE/dx), the pulse-height information from the ACC and the timing information from the TOF. Proton candidates are selected based on p/K/π likelihood functions obtained from the PID system. The selection criteria are L_p/(L_p + L_K )> 0.6 and L_p/(L_p + L_π)> 0.6, where L_p, L_K , and L_π represent the proton, kaon, and pion likelihoods, respectively. The proton detection efficiency is 70%, determined from Λ → pπ^− decays in the same momentum range as B^0 → pp and B^+ → pΛ. The corresponding misidentification rates for charged kaons and pions are 11% and 4%, determined using kaons and pions from the decay chain D^{∗−} → D^0π^− → (K^+π^−)π^− in the above momentum range.

Candidate Λ baryons are reconstructed in the pπ^− decay channel and are selected using the following requirements: 1) the distance between two Λ daughter tracks must be less than 12.9 cm along the z axis and greater than 0.008 cm in the plane transverse to this axis; 2) the flight length of the Λ candidates must be greater than 0.22 cm in the plane transverse to the z axis; 3) the angular difference between the Λ momentum vector and the vector to the decay vertex from the IP must be less than 0.09 rad [2]. After application of the above selection criteria, the reconstructed invariant mass of the Λ candidate is required to be between 1.111 and 1.121 GeV/c^2 (3σ).

Candidate B mesons are reconstructed from the primary charged tracks in the pp mode; from one primary charged track and one selected Λ candidate in the pΛ mode; from two selected Λ candidates in the ΛΛ mode. In these three modes, the B meson candidates are selected using two kinematic variables defined in the Υ(4S) center-of-mass (CM) frame: the beam-energy constrained mass, M_{bc} = √ E^2_{beam} − p^{∗2}_B , and the energy difference, ΔE = E^∗_B − E_{beam}, where p^∗_B and E^∗_B are the momentum and energy of the B candidate and E_{beam} is the beam energy. The signal region is defined as 5.27 GeV/c^2 < M_{bc} < 5.29 GeV/c^2 and |ΔE| < 0.05 GeV. The sideband region, used for background determination, is defined as 5.2 GeV/c^2 < M_{bc} < 5.26 GeV/c^2 and |ΔE| < 0.2 GeV.

The decays B^0 → K^+π^− and B^0 → π^+π^− do not contribute measurably to the background. This is due to their small branching fractions, the small proton fake rates, and the shift of the B candidate out of the ΔE signal region. Background from other B decays, studied using Monte Carlo (MC) simulation [10], is found to be negligible. The main background comes from continuum events, especially e^+e^− → qq (q = u, d, s).

We use the same flavor tagging algorithm used in time dependent CP violation measurements to make continuum suppression more effective. Charged leptons, pions, and kaons that are not associated with the reconstructed pp, ΛΛ, or pΛ decay are used to identify the flavor of the accompanying B meson. The algorithm in Ref. [11] introduces that the parameter r is an event-by-event dilution factor ranging from r = 0 for no flavor discrimination to r = 1 for unambiguous flavor assignment. The signal and background samples are separated into a group of lower tagging quality, 0 < r < 0.75 (r_1 region) and one of higher tagging quality, 0.75 < r < 1 (r_2 region); these are treated separately in the following continuum background rejection method.

For continuum suppression we use cos θ_T , which is the cosine of the angle between the direction of the primary proton (for pp and pΛ modes) and the thrust axis [12] of the non-candidate tracks and showers. For the ΛΛ mode, it is the cosine of the angle between the direction of the Λ candidate and the thrust axis of the non-candidate tracks and showers. We preselect events by requiring cos θ_T to be less than 0.9.

We use seven variables to characterize the event topology: five modified Fox-Wolfram moments [13], S_⊥ [14] and | cos θ_T |. We define a Fisher discriminant F [15], which is the sum of these seven variables with coefficients optimized to separate signal and background events. Probability density functions (PDFs) for the signal and for background as functions of F and of the cosine of the polar angle (θ_B ) of the B candidate’s flight direction are obtained. An additional variable, Δz, is used: the decay vertex fits are performed using the charged tracks from each of the B decays. The distance between the two B decay vertices in the z direction, Δz, is obtained. For BB events the Δz distribution is wider than for random combinations of proton jets from the continuum, which are studied in the MC and sideband data. We use a double Gaussian function for Δz as the fitted PDF if |Δz| < 0.2 cm. For events outside this Δz range, we do not use the Δz PDF for further calculations.

The signal and background likelihoods, L_S and L_B, are formed from the product of the PDFs for F and cos θ_B and, for the pp mode only, Δz. We demand that R = L_S /(L_S +L_B ) exceeds 0.8 (0.85 for the pp mode) in the r_1 region and 0.2 in the r_2 region. This criterion is chosen to optimize the figure-of-merit (N_S / √ N_B ) calculated using both MC and sideband data samples, where N_S and N_B are predicted signal and background yields, respectively. We optimize the R requirement by assuming that the branching fractions for B^0 → pp, ΛΛ, and B^+ → pΛ are 1.0 × 10^{−7}. We obtain the expected signal yields from the product of the total number of BB events, the signal efficiency from MC and the assumed branching fractions. The predicted background yields are obtained by fitting the ΔE distribution for the sideband data.

We compare the sensitivities with and without the inclusion of the Δz PDF in the pp mode. With the Δz PDF included, the figure-of-merit improves by 26% in the r_1 region and by 28% in the r_2 region. The R distributions for events in the two regions of r are shown in Fig. 1.

FIG. 1: Distributions of R for events in the r1 and r2 regions. The open histogram is LS (signal MC) and the shaded histogram is LB (sideband data). The arrows indicate the requirement positions.

The signal efficiency for each mode, after application of all the selection criteria, is determined by MC simulation and itemized in Table I. The systematic error in this efficiency arises from tracking efficiency (2.0%– 4.7%), proton identification (0.7%–0.8% per proton, measured from a study of Λ decays), Λ selection (2.5% per Λ, including all of the optimized Λ selection requirements from a study of Λ decays), and the likelihood ratio requirement in the two flavor-tagged regions (3.0%– 4.6% in the r_1 region and 4.4%–7.7% in the r_2 region, based on a study of B^− → D^0π^− → (K^−π^+)π^− and B^0 → D^+π^− → (K^−π^+π^+)π^−). By comparing MC and data, corrections are made for the effect of proton identification (−4.0%, from a study of Λ decays), the likelihood ratio requirement (−4.5% to 0.8% in the r_1 region and 1.5% to 3.2% in the r_2 region, based on a study of B^− → D^0π^− → (K^−π^+)π^− and B^0 → D^+π^− → (K^−π^+π^+)π^−), and polarization (−2.2% for the B^0 → ΛΛ mode, due to the correlation of the spins of (p, Λ) and (p, Λ)).

The total systematic uncertainties are 5.1%, 9.2% and 5.7% for the pp, ΛΛ and pΛ mode, respectively.

By fitting the ΔE sideband data (0.05 GeV < |ΔE| < 0.2 GeV), projected on the M_{bc} axis (5.2 GeV/c^2 < M_{bc} < 5.3 GeV/c^2), we obtain the background shape of M_{bc}. By modeling the M_{bc} distribution with an AR- GUS [16] function and assuming a linear shape for ΔE , we obtain the predicted background by scaling the number of data events in the sideband region to the signal region.

Since few signal candidates are found (Fig. 2), we determine the 90% confidence level upper limits for the branching fractions by an extension of the Feldman- Cousins method [17]. The final results are listed in Table I.

FIG. 2: Distributions of Mbc and ΔE for (a)(d) B^0 → pp, (b)(e) B^+ → pΛ and (c)(f) B^0 → ΛΛ candidates. We require the ΔE signal selection to plot the Mbc distribution and vice versa. The dashed lines represent the fitted background curves.

The results reported here use 4.8 times more BB pairs

TABLE I: Summary of the B^0 → pp, ΛΛ and B^+ → pΛ search, where ϵ is the reconstruction efficiency, Nobs is the observed number of events in the signal region, N^{bg}_{exp} is the expected background in the signal region and BF is the 90% confidence level upper limit for the branching fractions.

Mode ϵ [%] N_{obs} N^{bg}_{exp} BF [10^{−7}] B^0 → pp 20.28 ± 1.03 17 14.9±3.4 < 4.1 B^0 → ΛΛ 4.32 ± 0.40 2 1.2±0.3 < 6.9 B^+ → pΛ 9.22 ± 0.53 5 3.5±1.1 < 4.9

than the previous analysis [2]. Upper limits on the branching fractions at 90% confidence level are 4.1 × 10^{−7}, 6.9 × 10^{−7}, and 4.9 × 10^{−7} for the pp, ΛΛ and pΛ mode, respectively. The upper limits are reduced by factors of 2.9, 1.9 and 4.5. These results are consistent with constraints obtained by the other collaborations [18], and indicate that B decays to charmless di-baryon systems are suppressed.

In conclusion, we find no significant signal for the modes B^0 → pp, ΛΛ and B^+ → pΛ in 152 million BB events.

We thank the KEKB group for the excellent operation of the accelerator, the KEK cryogenics group for the efficient operation of the solenoid, and the KEK computer group and the NII for valuable computing and Super- SINET network support. We acknowledge support from MEXT and JSPS (Japan); ARC and DEST (Australia); NSFC (contract No. 10175071, China); DST (India); the BK21 program of MOEHRD and the CHEP SRC program of KOSEF (Korea); KBN (contract No. 2P03B 01324, Poland); MIST (Russia); MHEST (Slovenia); SNSF (Switzerland); NSC and MOE (Taiwan); and DOE (USA).

∗ on leave from Nova Gorica Polytechnic, Nova Gorica [1] N. Gabyshev et al. (Belle Collaboration), Phys. Rev.

Lett. 90, 121802 (2003).

[2] K. Abe et al. (Belle Collaboration), Phys. Rev. D 65, 091103(R) (2002).

[3] K.-F. Chen et al. (Belle Collaboration), Phys. Rev. Lett.

91, 201801 (2003).

[4] M. Suzuki, hep-ph/0501181.

[5] M.-Z. Wang et al. (Belle Collaboration), Phys. Rev. Lett.

90, 201802 (2003); M.-Z. Wang et al. (Belle Collaboration), Phys. Rev. Lett. 92, 131801 (2004).

[6] W.S. Hou and A. Soni, Phys. Rev. Lett. 86, 4247 (2001). [7] S. Kurokawa and E. Kikutani, Nucl. Instr. and Meth. A 499,1 (2003), and other papers included in this Volume.

[8] Charge conjugate modes are implicitly included throughout this paper.

[9] A. Abashian et al. (Belle Collaboration), Nucl. Instr. and Meth. A 479, 117 (2002).

[10] R. Brun et al., GEANT 3.21, CERN Report DD/EE/84-

1, 1984.

[11] H. Kakuno et al. (Belle Collaboration), Nucl. Instr. and Meth. A 533, 516 (2004).

[12] E. Farhi, Phys. Rev. Lett. 39, 1587 (1977). [13] G.C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978).

[14] R. Ammar et al. (CLEO Collaboration), Phys. Rev. Lett.

71, 674 (1993).

[15] K. Abe et al. (Belle Collaboration), Phys. Lett. B 517,

309 (2001); R.A. Fisher, Ann. Eugenics 7, 355 (1937). [16] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett.

B 241, 278 (1990); 254, 288 (1991).

[17] J. Conrad, O. Botner, A. Hallgren and C. Perez de los Heros, Phys. Rev. D 67, 012002 (2003).

[18] A. Bornheim et al. (CLEO Collaboration), Phys. Rev. D 68, 052002 (2003); B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 69, 091503 (2004).