arXiv:hep-ex/0608025 v5 4 Dec 2006

Belle Preprint 2006-25 KEK Preprint 2006-36 HEP-EX/0608025 BELLE-CONF-0604

Study of the charmed baryonic decays

B̄0 → Σ++_c p̄π− and B̄0 → Σ0_cp̄π+

K. S. Park,^{35} H. Kichimi,^6 K. Abe,^6 K. Abe,^{39} I. Adachi,^6 H. Aihara,^{41} D. Anipko,^1 K. Arinstein,^1 V. Aulchenko,^1 T. Aushev,^{14, 10} S. Banerjee,^{37} E. Barberio,^{17} M. Barbero,^5 I. Bedny,^1 K. Belous,^9 U. Bitenc,^{11} A. Bondar,^1 A. Bozek,^{23} M. Bračko,^{6, 16, 11} T. E. Browder,^5 Y. Chao,^{22} A. Chen,^{20} W. T. Chen,^{20} B. G. Cheon,^2 R. Chistov,^{10} Y. Choi,^{35} Y. K. Choi,^{35} S. Cole,^{36} J. Dalseno,^{17} M. Dash,^{45} A. Drutskoy,^3 S. Eidelman,^1 D. Epifanov,^1 S. Fratina,^{11} N. Gabyshev,^1 T. Gershon,^6 A. Go,^{20} G. Gokhroo,^{37} P. Goldenzweig,^3 B. Golob,^{15, 11} H. Ha,^{13} J. Haba,^6 K. Hayasaka,^{18} H. Hayashii,^{19} M. Hazumi,^6 D. Heffernan,^{28} Y. Hoshi,^{39} S. Hou,^{20} T. Iijima,^{18} K. Inami,^{18} A. Ishikawa,^{41} R. Itoh,^6 M. Iwasaki,^{41} Y. Iwasaki,^6 J. H. Kang,^{46} P. Kapusta,^{23} T. Kawasaki,^{25} H. R. Khan,^{42} H. O. Kim,^{35} S. K. Kim,^{33} Y. J. Kim,^4 S. Korpar,^{16, 11} P. Krokovny,^6 R. Kulasiri,^3 R. Kumar,^{29} C. C. Kuo,^{20} A. Kuzmin,^1 Y.-J. Kwon,^{46} T. Lesiak,^{23} J. Li,^5 A. Limosani,^6 S.-W. Lin,^{22} D. Liventsev,^{10} G. Majumder,^{37} F. Mandl,^8 T. Matsumoto,^{43} S. McOnie,^{36} K. Miyabayashi,^{19} H. Miyake,^{28} H. Miyata,^{25} Y. Miyazaki,^{18} R. Mizuk,^{10} E. Nakano,^{27} M. Nakao,^6 Z. Natkaniec,^{23} S. Nishida,^6 O. Nitoh,^{44} T. Nozaki,^6 S. Ogawa,^{38} T. Ohshima,^{18} S. Okuno,^{12} S. L. Olsen,^5 Y. Onuki,^{31} W. Ostrowicz,^{23} P. Pakhlov,^{10} G. Pakhlova,^{10} C. W. Park,^{35} R. Pestotnik,^{11} L. E. Piilonen,^{45} A. Poluektov,^1 Y. Sakai,^6 N. Satoyama,^{34} T. Schietinger,^{14} O. Schneider,^{14} A. J. Schwartz,^3 K. Senyo,^{18} M. E. Sevior,^{17} M. Shapkin,^9 H. Shibuya,^{38} B. Shwartz,^1 V. Sidorov,^1 J. B. Singh,^{29} A. Sokolov,^9 A. Somov,^3 N. Soni,^{29} S. Stanič,^{26} M. Starič,^{11} H. Stoeck,^{36} T. Sumiyoshi,^{43} F. Takasaki,^6 K. Tamai,^6 M. Tanaka,^6 G. N. Taylor,^{17} Y. Teramoto,^{27} X. C. Tian,^{30} T. Tsukamoto,^6 S. Uehara,^6 T. Uglov,^{10} Y. Unno,^2 S. Uno,^6 Y. Usov,^1 G. Varner,^5 S. Villa,^{14} C. H. Wang,^{21} M.-Z. Wang,^{22} Y. Watanabe,^{42} E. Won,^{13} Q. L. Xie,^7 A. Yamaguchi,^{40} Y. Yamashita,^{24} M. Yamauchi,^6 L. M. Zhang,^{32} Z. P. Zhang,^{32} V. Zhilich,^1 and A. Zupanc^{11}

(The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2Chonnam National University, Kwangju 3University of Cincinnati, Cincinnati, Ohio 45221 4The Graduate University for Advanced Studies, Hayama, Japan 5University of Hawaii, Honolulu, Hawaii 96822 6High Energy Accelerator Research Organization (KEK), Tsukuba 7Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 8Institute of High Energy Physics, Vienna 9Institute of High Energy Physics, Protvino 10Institute for Theoretical and Experimental Physics, Moscow 11J. Stefan Institute, Ljubljana 12Kanagawa University, Yokohama 13Korea University, Seoul 14Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne

Typeset by REVTEX 1

15University of Ljubljana, Ljubljana 16University of Maribor, Maribor 17University of Melbourne, Victoria 18Nagoya University, Nagoya 19Nara Women’s University, Nara 20National Central University, Chung-li 21National United University, Miao Li 22Department of Physics, National Taiwan University, Taipei 23H. Niewodniczanski Institute of Nuclear Physics, Krakow 24Nippon Dental University, Niigata 25Niigata University, Niigata 26University of Nova Gorica, Nova Gorica 27Osaka City University, Osaka 28Osaka University, Osaka 29Panjab University, Chandigarh 30Peking University, Beijing 31RIKEN BNL Research Center, Upton, New York 11973 32University of Science and Technology of China, Hefei 33Seoul National University, Seoul 34Shinshu University, Nagano 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 45Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 46Yonsei University, Seoul (Dated: December 4, 2006)

Abstract

We study the three-body charmed baryonic decays B̄^0 → Σ^{++}_c p̄π^− and B̄^0 → Σ^0_cp̄π^+ in the four-body final state B̄^0 → Λ^+_c p̄π^+π^−, using a data sample of 357 fb^{−1} accumulated at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric-energy e^+e^− collider. We measure the branching fractions B(B̄^0 → Σ_c(2455)^{++}p̄π^−)=(2.1 ± 0.2 ± 0.3 ± 0.5)×10^{−4}, B(B̄^0 → Σ_c(2455)^0p̄π^+)=(1.4 ± 0.2 ± 0.2 ± 0.4)×10^{−4} and B(B̄^0 → Σ_c(2520)^{++}p̄π^−)=(1.2 ± 0.1 ± 0.2 ± 0.3)×10^{−4} with signal significances of 13.1 σ, 9.4 σ and 7.1 σ, respectively. The errors are statistical, systematic, and due to the uncertainty in B(Λ^+_c → pK^−π^+), respectively. We also set an upper limit B(B̄^0 → Σ_c(2520)^0p̄π^+) < 0.38 × 10^{−4} at the 90% confidence level. In addition, we obtain a non-resonant branching fraction of (6.4 ± 0.4 ± 0.9 ± 1.7)×10^{−4}, and a total branching fraction of (11.2 ± 0.5 ± 1.4 ± 2.9)×10^{−4} for B̄^0 → Λ^+_c p̄π^+π^−.

PACS numbers: 13.25.Hw, 14.20.Lq, 14.40.Nd

The large mass of the b-quark enables B mesons to decay into two baryons with additional pions. Since the CKM matrix element |V_{cb}| [1] is substantially larger than |V_{ub}|, these baryonic decays preferentially proceed through b → c transitions and produce final states rich in charmed baryons. CLEO pioneered the study of these processes and reported branching fractions and evidence of several exclusive charmed baryonic decays with a 9.1 fb^{−1} data sample [2, 3, 4]. Recently, Belle has observed several new decay modes into two-, three-, and four-body final states with charmed baryons [5, 6], and three-body decays with charmless baryons [7, 8, 9, 10, 11]. We find a hierarchy of the branching fractions that depends on the multiplicity in the final state: ∼ 2 × 10^{−5} for the two-body decays B̄^0 → Λ^+_c p̄ and B^− → Σ^0_c (2455/2520)p̄, ∼ 1 × 10^{−4} for the three-body decay B^− → Λ^+_c p̄π^−, and ∼ 7 × 10^{−4} for the four-body decay B̄^0 → Λ^+_c p̄π^+π^− [6, 12]. There are several theoretical models that describe the decay mechanisms and predict the branching fractions of baryonic B decays into two-body and three-body final states [13, 14, 15, 16, 17, 18, 19, 20]. Detailed studies of such decays are very important to provide strict constraints on these theoretical models.

In this paper, we report improved measurements of the intermediate three-body decays B̄0 → Σ_c(2455/2520)++p̄π− and B̄0 → Σ_c(2455/2520)0p̄π+ in the four-body final state B̄0 → Λ+_c p̄π+π−. This study is based on a 357 fb−1 data sample accumulated at the Υ(4S) with the Belle detector at the KEKB asymmetric-energy e^+e^− collider [21].

The Belle detector is a large-solid-angle spectrometer based on a 1.5 Tesla superconducting solenoid magnet. It consists of a silicon vertex detector (a three-layer silicon vertex detector (SVDI) for the first sample of (152.0 ± 1.2) × 10^6 BB̄ events and a four-layer silicon vertex detector (SVDII) for the latter (235.8 ± 3.6) × 10^6 BB̄ events), a 50-layer central drift chamber(CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI (Tl) crystals located inside the superconducting solenoid coil. An iron flux return located outside the coil is instrumented to detect K^0_L mesons and to identify muons. The detector is described in detail elsewhere [22].

We simulate the detector response and estimate the efficiency for signal reconstruction by Monte Carlo simulation (MC). We use the QQ program [23] for signal event generation and a GEANT-based detector simulation program [24]. A sample of 5.45 × 10^4 signal events is generated for each of the four-body decay B̄^0 → Λ^+_c p̄π^+π^−, the intermediate threebody decays B̄^0 → Σ_c(2455/2520)^{++}p̄π^− and B̄^0 → Σ_c(2455/2520)^0p̄π^+, and their charge conjugate modes. Each signal sample is processed by the detector simulation program that takes into account the differences between SVDI and SVDII as well as the long-term variation of the beam background conditions.

The mode B̄^0 → Λ^+_c p̄π^−π^+ is tagged by an associated Λ^+_c particle, which decays into pK^−π^+. Charge-conjugate modes are implicitly included throughout this paper unless noted otherwise. To reconstruct Λ^+_c and B̄^0 signals, we require tracks to have distances-of-closest-approach to the interaction point of less than 5.0 cm in z (the direction opposite to the e^+ beam direction) and 1.0 cm in a plane perpendicular to the z-axis. We require the Λ^+_c mass to be within ±0.014 GeV/c^2 (∼ 3.5σ) of our fitted mass of 2.287 GeV/c^2. Hadrons such as protons, kaons and pions are identified by using likelihood ratios provided from the CDC dE/dx, TOF and ACC information (PID) [25]. We use likelihood ratios L_s/(L_s + L_b), where s and b stand for the hadron species to be identified and for the background, respectively. We require these ratios to be greater than 0.6, 0.6 and 0.4 for proton, kaon and pion selection, respectively. The efficiency for proton identification is 95% with a kaon fake rate of 1.0%. The efficiencies for kaons and pions are about 90%; the corresponding pion and kaon misidentification rates are about 10% [25]. Tracks that are positively identified as electrons or muons are rejected. We impose loose requirements on the vertex fit χ^2’s for the tracks from Λ^+_c → pK^−π^+ (χ^2_Λ+_c ) and B̄^0 → Λ^+_c p̄π^+π^− (χ^2_B ) to reject background from the decay products of K^0_S and Λ particles. When there are multiple B candidates in an event, we choose the candidate with the smallest χ^2_B.

To suppress the continuum background (u, d, s, c pair production), we use two event shape variables, R_2 and cos θ_{thrust}. The variable R_2 is the ratio of the second to zeroth order Fox- Wolfram moments [26], and cos θ_{thrust} is defined as the cosine of the angle between the thrust axis of the reconstructed B decay products and the thrust axis of the other tracks in the center-of-mass system(CMS). We require R_2 ≤ 0.35 and | cos θ_{thrust}| ≤ 0.8, which retain 80% of the signal and remove 60% of the continuum background. These requirements, together with the final B signal selection discussed below, reduce the continuum background by a factor of about 10^4.

The final selection requirements are based on the kinematic variables ΔE and M_{bc}. The variable ΔE = E_B − E_{beam} is the difference between the reconstructed B meson energy (E_B ) and the beam energy (E_{beam}) evaluated in the CMS, while M_{bc} = √ E^2_{beam} − P^2_B is the beam energy constrained B meson mass. Here, P_B is the momentum of the B meson also evaluated in the CMS.

FIG. 1: (a) Scatter plot of ΔE vs. M_{bc} for B̄^0 → Λ^+_c p̄π^+π^− signal candidates. (b) The ΔE distribution for M_{bc} ≥ 5.27 GeV/c^2. The shaded regions indicate the sideband whose total area is equal to the background in the B signal region. (c) The M_{bc} distribution for |ΔE| ≤ 0.03 GeV.

Figure 1 (a) shows a scatter plot of ΔE vs. M_{bc}. The vertical lines show the B signal region of 5.27 GeV/c^2 ≤ M_{bc} ≤ 5.29 GeV/c^2, and the horizontal lines indicate the signal region, |ΔE| ≤ 0.03 GeV. Figure 1 (b) shows the ΔE distribution for the M_{bc} signal region, where the curve shows the result of the fit with a double Gaussian for the signal and a linear background in the fit interval of −0.1 GeV≤ ΔE ≤ 0.2 GeV. Figure 1 (c) is the M_{bc} distribution for |ΔE| ≤ 0.03 GeV. The curve shows the fit with a single Gaussian for the signal and an ARGUS function [27] for the background. We use the ΔE distribution to determine the B signal yield, as we find a peaking background in the M_{bc} distribution from a study of the ΔE sideband.

To remove the feed-down from higher multiplicity modes with additional pions, we restrict the fit region to ΔE ≥ −0.1 GeV. The signal shape parameters are fixed to those fitted to the corresponding MC, where we find the Gaussian widths σ_1 (with a ratio of σ_2/σ_1) of 6.6±0.4 MeV/c^2 (2.2±0.2) for SVDI, and 7.2±0.2 MeV/c^2 (2.3±0.2) for SVDII. We obtain B signals of 535±30 and 865±38 events for SVDI and SVDII data, respectively. The efficiencycorrected signal yields normalized to the number of the BB̄ events are consistent within errors. Thus, we combine the SVDI and SVDII data and obtain the total B̄^0 → Λ^+_c p̄π^+π^− yield of 1400 ± 49 events.

FIG. 2: The mass distributions of (a) Λ^+_c π^+ and (b) Λ^+_c π^− for B̄^0 → Λ^+_c p̄π^+π^−. The points with error bars show the mass distribution for the events in the B signal region, and the shaded histogram indicates that for the sideband region. See the text for details.

Figure 2 shows (a) the Λ^+_c π^+ and (b) the Λ^+_c π^− mass distributions for B̄^0 → Λ^+_c p̄π^+π^−. We observe clear peaks for the Σ_c(2455)^{++/0} and Σ_c(2520)^{++}. The points with error bars show the events in the B signal region defined by |ΔE| ≤ 0.03 GeV and 5.27 GeV/c^2 ≤ M_{bc} ≤ 5.29 GeV/c^2. The shaded histograms are the events in the ΔE sideband region defined by 0.07 GeV < |ΔE| < 0.10 GeV and 5.27 GeV/c^2 ≤ M_{bc} ≤ 5.29 GeV/c^2. As seen in Figure 1 (b), the number of the sideband events is equal to that of the background in

TABLE I: The Breit-Wigner parameters of Σ_c(2455/2520) resonances. In the simultaneous fits, they are fixed to M_{PDG} and Γ^{eff}_{PDG}. M_{fit} and Γ^{eff}_{fit} are the fitted values to the data with statistical errors only.

Resonances M_{fit}(MeV/c^2) Γ^{eff}_{fit} (MeV/c^2) M_{PDG}(MeV/c^2) Γ^{eff}_{PDG}(MeV/c^2) Σ_c(2455)^{++} 2454.1 ± 0.2 3.5 ± 0.5 2454.0 ± 0.2 3.44 ± 0.30 Σ_c(2455)^0 2453.4 ± 0.6 3.4 ± 0.4 2453.8 ± 0.2 3.44 ± 0.40 Σ_c(2520)^{++} 2517.9 ± 1.4 19.9 ± 3.5 2518.4 ± 0.6 16.0 ± 2.0 Σ_c(2520)^0 2514.3 ± 2.8 19.1 ± 5.7 2518.0 ± 0.5 16.0 ± 2.0

the B signal region of |ΔE| ≤ 0.03 GeV. We find small peaking backgrounds near the Σ_c(2455/2520)^0 masses in the sideband events.

To obtain the Σ_c(2455)^{++/0} and Σ_c(2520)^{++/0} signal yields, we consider possible contributions from peaking backgrounds seen in the sideband. We also study the background shape using MC samples for the non-resonant four-body decay B̄^0 → Λ^+_c p̄π^+π^−, and the intermediate three-body decays B̄^0 → Σ_c(2455/2520)^{++}p̄π^− and B̄^0 → Σ_c(2455/2520)^0p̄π^+. We find a linear behavior for the mass distributions from non-resonant Λ^+_c π^± combinations. Therefore, we introduce independent linear background functions in the B signal and the sideband regions.

We perform a simultaneous binned likelihood fit to the mass distributions with the following functions

(N_{1s} + N_{1b}) × BW_1(M) + (N_{2s} + N_{2b}) × BW_2(M) + (c_s + a_s × M) (1)

N_{1b} × BW_1(M) + N_{2b} × BW_2(M) + (c_b + a_b × M) (2)

for the B signal and the sideband events, respectively. Here, M is the Λ^+_c π^± mass, and BW (M) represents a Breit-Wigner function. The subscripts 1 and 2 indicate Σ_c(2455) and Σ_c(2520), and the subscripts s and b stand for the signal and sideband, respectively. c and a are parameters of the linear functions. N_{1s} and N_{2s} are the net signal yields of Σ_c(2455) and Σ_c(2520), respectively, and N_{1b} and N_{2b} are the normalizations of the peaking backgrounds in the sidebands.

Table I lists the parameters M_{PDG} and Γ^{eff}_{PDG} for the Breit-Wigner functions BW_1 and BW_2 used in the simultaneous fit. When we float these parameters, the fitter obtains values M_{fit} and Γ^{eff}_{fit} , consistent with the PDG values M_{PDG} and Γ^{eff}_{PDG} [28] (the latter is Γ_{PDG} convoluted with the Belle detector resolution). Thus, we fix those parameters to the PDG values; the fitted parameters in the fit are then the signal yields N_{1s} and N_{2s}, the peaking background yields N_{1b} and N_{2b}, and the linear background shape parameters c_s, a_s, c_b and a_b. The uncertainties in the signal yields due to the assumed masses and widths are taken into account in systematic errors as discussed below.

In the fits shown in Figure 2, we obtain χ^2/n.d.f = 183.4/192 and 196.6/192 for the fits to Λ^+_c π^+ and Λ^+_c π^− mass distributions, respectively. The solid curves show the fits to the mass distributions for the B signal region, and the dashed curves indicate the fits for the sideband region. The significance of the Σ_c(2455) (Σ_c(2520)) signal is evaluated as S = √ −2 ln(L_0/L_{max}), where L_{max} is the maximum likelihood of the fit and L_0 is the likelihood for a fit with the yield of Σ_c(2455) (Σ_c(2520)) fixed to zero and the other parameters floated.

We study the change in the signal significances by varying the fixed masses and widths by their ±1σ errors and find that the resulting change is negligibly small.

Table II summarizes the fitted signal yields, efficiencies, significances and the branching fractions obtained for intermediate three-body decays B̄^0 → Σ_c(2455)^{++(0)}p̄π^{−(+)} and B̄^0 → Σ_c(2520)^{++(0)}p̄π^{−(+)}. The third error is due to the uncertainty in the branching fraction of B(Λ^+_c → pK^−π^+) = (5.0 ± 1.3)%. As a check, we calculate separate branching fractions for charge-conjugate modes; the two branching fractions are in good agreement.

We obtain a systematic error of 11.7% as a quadratic sum of 7.2% due to track reconstruction efficiency, 9.1% from the PID (both are coherent sums over the six tracks for the B decay products) and 1.9% due to the uncertainty on N(BB̄) and limited MC statistics. These errors are common to all decay modes. The signal efficiencies in Table II include the MC PID correction factor of 0.867 ± 0.079, to account for a systematic difference between data and MC. Separate PID correction factors for proton, kaon and pion tracks as functions of momentum and azimuthal angle are determined from a comparison of data and MC for large samples of D^{∗+} → D^0(Kπ)π^+ and Λ → pπ^− decays. The overall PID correction factor is then calculated as a coherent sum over the six tracks for the selected B signal events. The error of ±0.079 is taken into account as the PID systematic error of 9.1% as mentioned above. We estimate an error of 3.5% for the total B signal yield from the maximum variation of the yield in fits to the ΔE distribution with the double Gaussian fixed to MC and with the shape paramters floated. This uncertainty in the B signal yield results in an error of 5.3% for the signal yield of the non-resonant four-body decay (see below). We estimate an error of 4.8% (9.1%) for Σ_c(2455)^{++/0} (Σ_c(2520)^{++/0}) from the variation in the fitted signal yield due to a ±1σ change (0.4 (2.0) MeV/c^2) in the width Γ^{eff}_{PDG}. We find a negligibly small effect on the mass. In addition, we take into account the uncertainty in the signal efficiency due to differences between the resonant substructure in data and signal MC. The Σ_c(2455)^{++} data is consistent with three-body MC, while the Σ_c(2455)^0 data shows a broad p̄π^+ mass structure that differs from MC phase space. We estimate an error of 4.6% for the Σ_c(2455)^0 efficiency.

We investigate the signal yield for non-resonant B̄^0 → Λ^+_c p̄π^+π^− decay, which consists of four-body decay, as well as contributions from decay modes with possible final state interactions or resonance states of the p̄π^±, π^+π^− and Λ^+_c p̄ systems. The signal efficiencies for p̄π^± tend to be lower than that for the non-resonant four-body B decay near the mass threshold. We study two-body submass distributions and find some deviation from phase space near the threshold. However, due to limited statistics we cannot draw any strong conclusions about possible resonant structures. We conservatively estimate an uncertainty in the signal efficiency due to resonant structure to be 5%. Adding those errors in quadrature, we obtain total systematic errors of 12.6% for Σ_c(2455)^{++}, 13.5% for Σ_c(2455)^0, 14.8% for Σ_c(2520)^{++/0}, and 13.7% for non-resonant four-body B decay.

We obtain the branching fraction of the non-resonant four-body decay by subtracting the signal yields for the observed three-body decays from the total B signal of 1400 ± 49 events and correcting for the efficiency of non-resonant four-body MC. The total branching fraction is obtained by adding the branching fractions of the intermediate three-body and nonresonant four-body decay modes. The branching fractions are consistent with the previous measurements [4, 5] and supersede our previous measurements [5].

In summary, we study the three-body charmed baryonic decays B̄^0 → Σ^{++}_c p̄π^− and B̄^0 → Σ^0_cp̄π^+ in the four-body final state B̄^0 → Λ^+_c p̄π^+π^−, and measure the branching fractions B(B̄^0 → Σ_c(2455)^{++}p̄π^−)=(2.1 ± 0.2 ± 0.3 ± 0.5)×10^{−4}, B(B̄^0 → Σ_c(2455)^0p̄π^+)=(1.4 ±

TABLE II: Branching fractions for B̄^0 → Σ_c(2455/2520)^{++}p̄π^− and B̄^0 → Σ_c(2455/2520)^0p̄π^+. The errors in the branching fractions are statistical, systematic and due to the uncertainty in B(Λ^+_c → pK^−π^+) = 5.0 ± 1.3%, respectively. See text for details of the systematic errors.

Modes Yield Det.eff.(%) Sys.err(%) Sign.(σ) B(×10^{−4}) B̄0 → Σ_c(2455)++p̄π− 182 ± 15 4.57 12.6 13.1 2.1 ± 0.2 ± 0.3 ± 0.5 B̄0 → Σ_c(2455)0p̄π+ 122 ± 14 4.41 13.5 9.4 1.4 ± 0.2 ± 0.2 ± 0.4 B̄0 → Σ_c(2520)++p̄π− 155 ± 18 6.91 14.8 7.1 1.2 ± 0.1 ± 0.2 ± 0.3 B̄0 → Σ_c(2520)0p̄π+ 22 ± 16 6.75 14.8 1.3 < 0.38 (90%C.L.)

Non-resonant 919 ± 58 7.50 13.7 6.4 ± 0.4 ± 0.9 ± 1.7

Total 1400 ± 49 11.2 ± 0.5 ± 1.4 ± 2.9

0.2 ± 0.2 ± 0.4)×10^{−4} and B(B̄^0 → Σ_c(2520)^{++}p̄π^−)=(1.2 ± 0.1 ± 0.2 ± 0.3)×10^{−4} with signal significances of 13.1 σ, 9.4 σ and 7.1 σ, respectively. The errors are statistical, systematic, and due to the uncertainty in B(Λ^+_c → pK^−π^+), respectively. We also set an upper limit B(B̄^0 → Σ_c(2520)^0p̄π^+) < 0.38 × 10^{−4} at the 90% confidence level. In addition, we obtain a non-resonant branching fraction of (6.4 ± 0.4 ± 0.9 ± 1.7)×10^{−4}, and a total branching fraction of (11.2 ± 0.5 ± 1.4 ± 2.9)×10^{−4} for B̄^0 → Λ^+_c p̄π^+π^−.

The observed branching fraction B(B̄^0 → Σ_c(2455)^{++}p̄π^−) is comparable to a previous measurement of B(B^− → Λ^+_c p̄π^−) by Belle [29]. The Σ_c(2455)^{++} mode has a larger branching fraction than the Σ_c(2455)^0 and Σ_c(2520)^{++} modes, and the Σ_c(2520)^0 mode is significantly suppressed. The branching fraction B(B̄^0 → Σ_c(2455/2520)^{++}p̄π^−) is larger than B(B̄^0 → Σ_c(2455/2520)^0p̄π^+), probably due to an additional contribution from an external W emission diagram [20]. The total branching fraction for the four-body decay B(B̄^0 → Λ^+_c p̄π^+π^−) is five times larger than B(B^− → Λ^+_c p̄π^−), as it consists of both intermediate three-body decays B̄^0 → Σ_c(2455/2520)p̄π (∼40%) and a non-resonant four-body decay (∼60%).

ACKNOWLEDGEMENT

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 National Institute of Informatics for valuable computing and Super-SINET network support. We acknowledge support from the Ministry of Education, Culture, Sports, Science, and Technology of Japan and the Japan Society for the Promotion of Science; the Australian Research Council and the Australian Department of Education, Science and Training; the National Science Foundation of China and the Knowledge Innovation Program of the Chinese Academy of Sciences under contract No. 10575109 and IHEP-U-503; the Department of Science and Technology of India; the BK21 program of the Ministry of Education of Korea, the CHEP SRC program and Basic Research program (grant No. R01-2005-000- 10089-0) of the Korea Science and Engineering Foundation, and the Pure Basic Research Group program of the Korea Research Foundation; the Polish State Committee for Scientific Research; the Ministry of Science and Technology of the Russian Federation; the Slovenian Research Agency; the Swiss National Science Foundation; the National Science Council and the Ministry of Education of Taiwan; and the U.S. Department of Energy.

[1] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963). M. Kobayashi and K. Maskawa, Prog. Theor.

Phys. 49, 652 (1973).

[2] X. Fu et al.(CLEO Collaboration), Phys. Rev. Lett. 79, 3125 (1997). [3] T.E. Coan et al.(CLEO Collaboration), Phys. Rev. D 59, 111101 (1999). [4] S.A. Dytman et al. (CLEO Collaboration), Phys. Rev. D 66, 091101(R) (2002). [5] N. Gabyshev et al. (Belle Collaboration), Phys. Rev. D 66, 091102(R) (2002). [6] N. Gabyshev et al. (Belle Collaboration), Phys. Rev. Lett. 90, 121802 (2003). [7] K. Abe et al. (Belle Collaboration), Phys. Rev. Lett. 88, 181803 (2002). [8] K. Abe et al. (Belle Collaboration), Phys. Rev. Lett. 89, 151802 (2002). [9] M.-Z. Wang et al. (Belle Collaboration), Phys. Rev. Lett. 90, 201802 (2003). [10] M.-Z. Wang et al. (Belle Collaboration), Phys. Rev. Lett. 92, 131801 (2004). [11] Q.L. Xie et al. (Belle Collaboration), Phys. Rev. D 72, 051105(R) (2005). [12] H. Kichimi, Nucl. Phys. B Proc. Suppl. 142, 197 (2005).

[13] M.Jarfi et al., Phys. Lett. B 237, 513 (1990); M. Jarfi et al., Phys. Rev. D 43, 1599 (1991);

N. Deshpande, J. Trampetic and A. Soni, Mod. Phys. Lett. A 3, 749 (1988). [14] V. Chernyak and I. Zhitnitsky, Nucl. Phys. B345, 137 (1990). [15] H.Y. Cheng and K.C. Yang, Phys. Rev. D 66, 014020 (2002). [16] C.K. Chua, W.S. Hou and S.Y. Tsai, Phys. Rev. D 66, 054004 (2002). [17] H.Y. Cheng and K.C. Yang, Phys. Rev. D 66, 094009 (2002). [18] C.K. Chua and W.S. Hou, Eur. Phys. J. C 29, 27 (2003). [19] J.L. Rosner, Phys. Rev. D 68, 014004 (2003). [20] H.Y. Cheng and K.C. Yang, Phys. Rev. D 67, 034008 (2003).

[21] S. Kurokawa and E. Kikutani, Nucl. Instrum. Meth. A 499, 1 (2003), and other papers included in this Volume.

[22] A. Abashian et al. (Belle Collaboration), Nucl. Instr. and Meth. A 479, 117 (2002). [23] Events are generated with the CLEO group’s QQ program.

[24] The detector response is simulated using GEANT: R. Brun et al., GEANT 3.21, CERN Report DD/EE/84-1 (1984).

[25] E. Nakano, Nucl. Instr. and Meth. A494, 402 (2002). [26] G.C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978).

[27] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B 229, 304 (1989); B 241, 278 (1990). [28] Particle Data Group, W.-M. Yao et al., J. Phys. G 33, 1 (2006)(URL:http://pdg.lbl.gov). [29] N. Gabyshev et al. (Belle Collaboration), hep-ex/0409005.