arXiv:hep-ex/0309060 v1 20 Sep 2003

KEK Preprint 2003-60 Belle Preprint 2003-18

Search for B^− → J/ψΛp̄ decay

S. L. Zang,^9 K. Abe,^7 K. Abe,^{41} T. Abe,^7 I. Adachi,^7 Byoung Sup Ahn,^{14} H. Aihara,^{43} M. Akatsu,^{20} Y. Asano,^{48} T. Aso,^{47} V. Aulchenko,^1 T. Aushev,^{11} A. M. Bakich,^{38} Y. Ban,^{31} I. Bizjak,^{12} A. Bondar,^1 A. Bozek,^{25} M. Bračko,^{18, 12} T. E. Browder,^6 P. Chang,^{24} Y. Chao,^{24} K.-F. Chen,^{24} B. G. Cheon,^{37} R. Chistov,^{11} S.-K. Choi,^5 Y. Choi,^{37} Y. K. Choi,^{37} A. Chuvikov,^{32} M. Danilov,^{11} L. Y. Dong,^9 S. Eidelman,^1 V. Eiges,^{11} Y. Enari,^{20} C. Fukunaga,^{45} N. Gabyshev,^7 T. Gershon,^7 G. Gokhroo,^{39} B. Golob,^{17, 12} R. Guo,^{22} C. Hagner,^{50} F. Handa,^{42} N. C. Hastings,^7 H. Hayashii,^{21} M. Hazumi,^7 T. Higuchi,^7 L. Hinz,^{16} T. Hokuue,^{20} Y. Hoshi,^{41} W.-S. Hou,^{24} H.-C. Huang,^{24} T. Iijima,^{20} K. Inami,^{20} A. Ishikawa,^{20} R. Itoh,^7 H. Iwasaki,^7 M. Iwasaki,^{43} Y. Iwasaki,^7 J. H. Kang,^{51} J. S. Kang,^{14} P. Kapusta,^{25} N. Katayama,^7 H. Kawai,^2 T. Kawasaki,^{27} H. Kichimi,^7 H. J. Kim,^{51} J. H. Kim,^{37} S. K. Kim,^{36} K. Kinoshita,^3 P. Koppenburg,^7 S. Korpar,^{18, 12} P. Križan,^{17, 12} P. Krokovny,^1 S. Kumar,^{30} A. Kuzmin,^1 Y.-J. Kwon,^{51} J. S. Lange,^{4, 33} G. Leder,^{10} S. H. Lee,^{36} T. Lesiak,^{25} J. Li,^{35} A. Limosani,^{19} S.-W. Lin,^{24} D. Liventsev,^{11} J. MacNaughton,^{10} G. Majumder,^{39} F. Mandl,^{10} T. Matsumoto,^{45} A. Matyja,^{25} W. Mitaroff,^{10} K. Miyabayashi,^{21} H. Miyake,^{29} H. Miyata,^{27} D. Mohapatra,^{50} T. Mori,^{44} T. Nagamine,^{42} Y. Nagasaka,^8 M. Nakao,^7 H. Nakazawa,^7 Z. Natkaniec,^{25} S. Nishida,^7 O. Nitoh,^{46} S. Ogawa,^{40} T. Ohshima,^{20} T. Okabe,^{20} S. Okuno,^{13} S. L. Olsen,^6 W. Ostrowicz,^{25} H. Ozaki,^7 H. Palka,^{25} H. Park,^{15} N. Parslow,^{38} L. E. Piilonen,^{50} H. Sagawa,^7 S. Saitoh,^7 Y. Sakai,^7 T. R. Sarangi,^{49} M. Satapathy,^{49} A. Satpathy,^{7, 3} O. Schneider,^{16} S. Semenov,^{11} K. Senyo,^{20} R. Seuster,^6 M. E. Sevior,^{19} H. Shibuya,^{40} V. Sidorov,^1 J. B. Singh,^{30} N. Soni,^{30} S. Stanič,^{48, ∗} M. Starič,^{12} A. Sugi,^{20} A. Sugiyama,^{34} K. Sumisawa,^{29} T. Sumiyoshi,^{45} S. Y. Suzuki,^7 F. Takasaki,^7 K. Tamai,^7 N. Tamura,^{27} M. Tanaka,^7 G. N. Taylor,^{19} Y. Teramoto,^{28} T. Tomura,^{43} T. Tsuboyama,^7 T. Tsukamoto,^7 S. Uehara,^7 K. Ueno,^{24} S. Uno,^7 G. Varner,^6 C. C. Wang,^{24} C. H. Wang,^{23} J. G. Wang,^{50} Y. Watanabe,^{44} E. Won,^{14} B. D. Yabsley,^{50} Y. Yamada,^7 A. Yamaguchi,^{42} Y. Yamashita,^{26} M. Yamauchi,^7 H. Yanai,^{27} J. Ying,^{31} Y. Yuan,^9 C. C. Zhang,^9 Z. P. Zhang,^{35} V. Zhilich,^1 and D. Žontar^{17, 12}

(The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2Chiba University, Chiba 3University of Cincinnati, Cincinnati, Ohio 45221 4University of Frankfurt, Frankfurt 5Gyeongsang National University, Chinju 6University of Hawaii, Honolulu, Hawaii 96822

Typeset by REVTEX 1

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 11Institute for Theoretical and Experimental Physics, Moscow 12J. Stefan Institute, Ljubljana 13Kanagawa University, Yokohama 14Korea University, Seoul 15Kyungpook National University, Taegu 16Institut de Physique des Hautes Énergies, Université de Lausanne, Lausanne 17University of Ljubljana, Ljubljana 18University of Maribor, Maribor 19University of Melbourne, Victoria 20Nagoya University, Nagoya 21Nara Women’s University, Nara 22National Kaohsiung Normal University, Kaohsiung 23National Lien-Ho Institute of Technology, 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 08545 33RIKEN BNL Research Center, Upton, New York 11973 34Saga University, Saga 35University of Science and Technology of China, Hefei 36Seoul National University, Seoul 37Sungkyunkwan University, Suwon 38University of Sydney, Sydney NSW 39Tata Institute of Fundamental Research, Bombay 40Toho University, Funabashi 41Tohoku Gakuin University, Tagajo 42Tohoku University, Sendai 43Department of Physics, University of Tokyo, Tokyo 44Tokyo Institute of Technology, Tokyo 45Tokyo Metropolitan University, Tokyo 46Tokyo University of Agriculture and Technology, Tokyo 47Toyama National College of Maritime Technology, Toyama 48University of Tsukuba, Tsukuba 49Utkal University, Bhubaneswer 50Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 51Yonsei University, Seoul (Dated: September 20, 2003)

Abstract

We report the results of a search for B^− → J/ψΛp̄ based on a data set of 78 fb^{−1} data collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric e^+e^− collider. No substantial signal is found, and we set the branching fraction upper limit B(B^− → J/ψΛp̄) < 4.1 × 10^{−5} at 90% confidence level.

PACS numbers: 13.25.Hw,14.40.Gx,14.40.Nd

The inclusive decay of B → J/ψ + X has been studied by CLEO[1], Belle[2], and recently BaBar[3]. The J/ψ momentum spectrum in the e^+e^− center of mass frame is consistent with the distribution predicted by non-relativistic QCD calculations[4], except for an excess in the low momentum region which has been observed by all of the above experiments. The excess below 0.8 GeV/c corresponds to a branching fraction of 4 × 10^{−4} − 6 × 10^{−4}.

In order to explain this excess, several theoretical hypotheses have been proposed[5, 6, 7]. One of them is that the excess arises from B → J/ψΛp̄ decays[5]; this possibility can also be inferred from the rather large branching fraction of B → Λp̄X, (2.3 ± 0.4)% [8]. At the quark level, B^− → J/ψΛp̄ can be described as (udūd̄) produced by gluon emission from the Cabibbo favoured b → cc̄s diagram. The decay rate could be enhanced by an intermediate exotic state such as a bound state of Λ and p̄, J/ψ and Λ, or J/ψ and p̄. In this case, the momentum distributions of the daughter particles will exhibit some characteristic enhancements. Thus, searching for B^− → J/ψΛp̄ helps to understand the source of the excess at low J/ψ momentum and to find intermediate states. The BaBar collaboration has recently reported results of a similar search[9].

In this paper we report on the study of B^− → J/ψΛp̄. The analysis is based on a data sample of 78 fb^{−1} accumulated at the Υ(4S) resonance with the Belle detector at the KEKB 8 GeV e^− and 3.5 GeV e^+ asymmetric collider[10].

The Belle detector consists of a three-layer silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Čerenkov counters (ACC), timeof-flight scintillation counters (TOF), a CsI(Tl) crystal electromagnetic calorimeter (ECL), a 1.5 T superconducting solenoid coil and an instrumented iron-flux return for muon and K_L detection (KLM). The detector is described in detail elsewhere[11].

In this analysis, we use the decay chain: B^− → J/ψΛp̄, J/ψ → l^+l^−(l=e,μ), and Λ → pπ^−. Inclusion of charge conjugate states is implied throughout this paper. To suppress continuum backgrounds we require the ratio of the second to zeroth Fox-Wolfram moments[12] to be less than 0.5.

To remove charged tracks that are badly measured or do not come from the interaction region, we require leptons from J/ψ to originate from within 5 cm of the interaction point along the beam direction. Both lepton tracks are required to be well identified as leptons. Electrons are identified using a combination of specific ionization measurements (dE/dx) from the CDC, the ACC response, and electromagnetic shower position, shape and energy from the ECL[13]. Muons are identified with KLM hit positions and penetration depth[14]. In order to recover dielectron events where one or both electrons have radiated a photon (final state radiation or bremsstrahlung), we include the four-momentum of every photon detected within 0.05 radians of the original e^+ or e^− direction in the invariant mass calculation. The invariant mass of the candidate J/ψ → μ^+μ^−(e^+e^−) is required to be between −60(−150) MeV/c^2 and +36(+36) MeV/c^2 of the known J/ψ mass. The asymmetric mass requirements are due to radiative tails. The selection criteria for J/ψ are identical to those used in ref.[15].

Particle identification information from the ACC, TOF and dE/dx information from the CDC is used to construct likelihoods L_i for each hadron type i (i = π, K, and p). We require L_p/(L_p + L_K ) > 0.6 and L_π /(L_π + L_K ) > 0.6 to select protons and pions, respectively. For the prompt p̄ candidates, tracks that are positively identified as muons or electrons are rejected.

Λ candidates are reconstructed via the pπ^− decay channel. We require that the transverse impact parameters of both Λ daughter tracks with respect to the nominal beam axis be greater than 0.03 cm, the z distance between the daughter tracks before constraining the

Λ vertex be less than 12 cm, and the vertex fitting χ^2 be smaller than 100. The invariant mass of the Λ candidate is required to be within ±6 MeV/c^2 of the nominal Λ mass. These criteria are determined to maximize S/ √ S + B, where S is the number of expected signal events in the signal region defined below obtained from Monte Carlo (MC), and B is the number of expected background events obtained from sideband data. For the calculation of S, we assume the branching fraction of B^− → J/ψΛp̄ to be 1.0 × 10^{−5} which is consistent with our final result. We apply vertex and mass constrained fits for J/ψ and Λ candidates to improve the momentum resolution.

We identify B^− → J/ψΛp̄ candidates using two kinematic variables calculated in the center of mass frame: the beam-energy constrained mass, M_{bc} ≡ √ E^2_{beam} − ⃗p^2_B, and the mass difference, ΔM_B ≡ M_B − m_B− , where E_{beam} is the beam energy, ⃗p_B and M_B are the reconstructed momentum and mass of the B candidate, and m_B− is the nominal B^− mass. Candidates with |ΔM_B| < 0.20 GeV/c^2 and M_{bc} > 5.20 GeV/c^2 are selected for the final analysis. The signal region is defined to be 5.27 GeV/c^2 < M_{bc} < 5.29 GeV/c^2 and |ΔM_B| < 0.03 GeV/c^2, which corresponds to three standard deviations based on the MC simulation. We also define a ΔM_B sideband region as 0.06 GeV/c^2 < ΔM_B < 0.20 GeV/c^2.

In this analysis, we do not use the widely used ΔE ≡ E_B −E_{beam}, where E_B is the energy of the reconstructed B. For the J/ψΛp̄ events, the kinematic limit of ΔE can be expressed as ΔE = √ M^2_{tot} + E^2_{beam} − M^2_{bc} − E_{beam}, where M_{tot} is the sum of the masses of J/ψ, Λ and p̄. This kinematic limit is close to the signal region and depends on M_{bc}, which introduces a distortion in the M_{bc} − ΔE phase space. Consequently, events outside the M_{bc}/ΔE signal region cannot be used to model the ΔE/M_{bc} distributions for the background. Furthermore, we find a large negative correlation between ΔE and M_{bc} for signal events. On the contrary, ΔM_B and M_{bc} are uncorrelated, which is confirmed using Monte Carlo simulations. Therefore, we use ΔM_B and M_{bc} to identify signal candidates in this analysis[16].

Around 15% of the selected events have more than one B candidate. We select the best candidate by first choosing the Λ candidate with the smallest total χ^2 of the vertex and mass constrained fit. If multiple B candidates with the same Λ remain, we select the one with the smallest χ^2 of the J/ψp̄ vertex.

FIG. 1: (a) (ΔM_B, M_{bc}) distribution of B^− → J/ψΛp̄ candidates, and its projections onto (b) M_{bc} and (c) ΔM_B. The dashed lines indicates the bands used for the projections. The curves illustrate the result of the fit described in the text.

Figure 1 shows a scatter plot of ΔM_B versus M_{bc} and their projections for candidates after all selection criteria are applied. The ΔM_B(M_{bc}) projection is shown for candidates in the M_{bc}(ΔM_B) signal region. There are six events in the (M_{bc},ΔM_B) signal region. We obtain the signal yield by fitting the M_{bc} distribution, since this variable has better agreement between data and MC than ΔM_B . The background is described by an ARGUS function[17] and the signal PDF is modelled by a sum of two Gaussians plus a Crystal Ball line function[18] to account for the small tail, with parameters obtained from MC. In the fitting, E_{beam} and the width of the main Gaussian are fixed as 5.289 GeV and 2.62 MeV/c^2 respectively, based on a control sample of B^− → D^0π^−. We simultaneously fit the signal and sideband regions, where the PDF in the sideband region is given by an ARGUS function with the same parameters as used in the signal region, except for the normalization, which is allowed to float. The M_{bc} fit gives 3.5±2.3 signal events and 0.92±0.34 background events in the signal box. The statistical significance of the signal, defined as √ −2 ln(L_0/L_{max}), is 2.3, where L_{max} and L_0 denote the maximum likelihood with the fitted signal yield and with the yield fixed at zero, respectively. We examine the contribution of other decay modes including J/ψ and baryons, such as B^− → J/ψΣ^0p̄, which may also peak in the M_{bc} signal region. Using MC, we find them to be negligible with an assumption that their branching fractions are comparable to B^− → J/ψΛp̄. As a cross check we also fit the ΔM_B distributions; the obtained signal yield is 4.7 ± 2.7, with a statistical significance of 2.8, while the background yield is 0.55 ± 0.31. These results are consistent with the results of the M_{bc} fit. Since the signal yield is not substantial, we give an upper limit of the branching fraction as the main result of this analysis.

The reconstruction efficiency (ϵ) is estimated using signal MC where a three-body phasespace model is employed. We obtain ϵ = (6.3^{+2.7}_{−2.3})%. The sources and amounts of systematic uncertainties are summarized in Table I. The uncertainty of the tracking efficiency is estimated by adding the momentum dependent single track systematic error. The uncertainty is ∼ 1% for leptons from J/ψ, ∼ 3.5% and ∼ 1.6% for low momentum pions and protons from Λ, and ∼ 1.4% for prompt protons from B. The uncertainty of the Λ reconstruction is determined by comparing the proper time distributions for data and MC simulation. For the uncertainty due to modeling three-body decays in the phase space, we conservatively assign the maximum variation of the efficiencies among the slices of M(J/ψ, Λ), M(J/ψ, p̄), and M(Λ, p̄).

Source Relative systematic error Tracking ±8.5% PID(proton and pion) ±8% (3% per p, 2% per π) Lepton identification ±4% (2% per lepton) Λ reconstruction ±6% Simulation modeling +41.3% / −34.1% MC statistics ±1.8% Total +43.6% / −36.8%

TABLE I: Summary of uncertainties in the reconstruction efficiency.

We use the method of Feldman and Cousins[19], including the uncertainties of the background and efficiency estimations[20], to obtain a 90% confidence interval for the branching fraction given by N_S /(ϵ × N_B¯_B × B(J/ψ → l^+l^−) × B(Λ → pπ^−)), where N_S is the signal yield, N_B¯_B is the number of BB̄ pairs, (85.0 ± 0.5) × 10^6 , and the decay branching fractions B(J/ψ → l^+l^−) and B(Λ → pπ^−) are taken from the world averages[8]. The fractions of neutral and charged B mesons produced in Υ(4S) decays are assumed to be equal. With six observed candidates, 0.92 ± 0.34 background events, and the uncertainties in ϵ, N_B¯_B, and secondary branching fractions mentioned above, we obtain an upper bound of the interval from this procedure of B(B^− → J/ψΛp̄) < 4.1 × 10^{−5}, which we interpret as a conservative estimate of the 90% confidence upper limit of the branching fraction[21].

FIG. 2: Momentum distributions of (a) J/ψ, (b) Λ and (c) p̄ in the rest frame of the reconstructed B for the six B^− → J/ψΛp̄ candidates. The histograms are phase space distributions from signal MC normalized to six events.

Figure 2 shows the momentum distributions for J/ψ, Λ, and prompt p̄ of the six candidates in the B rest frame. We do not observe any significant enhancement above the phase space distribution, such as would be expected by an intermediate resonance[5].

In summary, we have searched for the decay of B^− → J/ψΛp̄ at Belle with 78 fb^{−1} data collected at the Υ(4S) resonance. No statistically significant signals are found. We set an upper limit of B(B^− → J/ψΛp̄) < 4.1 × 10^{−5} at 90% confidence level. This result is consistent with the BaBar result[9]. This mode does not account for a significant fraction of the observed excess in the low momentum region of B → J/ψX.

We wish to thank the KEKB accelerator group for the excellent operation of the KEKB accelerator. 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 under contract No. 10175071; the Department of Science and Technology of India; the BK21 program of the Ministry of Education of Korea and the CHEP SRC program of the Korea Science and Engineering Foundation; the Polish State Committee for Scientific Research under contract No. 2P03B 01324; the Ministry of Science and Technology of the Russian Federation; the Ministry of Education, Science and Sport of the Republic of Slovenia; the National Science Council and the Ministry of Education of Taiwan; and the U.S. Department of Energy.

∗ on leave from Nova Gorica Polytechnic, Nova Gorica [1] CLEO Collaboration, R. Balest et al., Phys. Rev. D 52, 2661 (1995). [2] S. Schrenk, in Proceedings of the 30th International Conference on High Energy Physics, edited by C.S. Lim and T. Yamanaka(Osaka, Japan, 2000), Vol.2, p.839. See also Fig.1 of Ref.[6].

[3] Babar Collaboration, B. Aubert et al., Phys. Rev. D 67, 032002 (2003). [4] M. Beneke, G.A. Schuler, and S. Wolf, Phys. Rev. D 62, 034004 (2000). [5] S.J. Brodsky and F.S. Navarra, Phys. Lett. B 411, 152 (1997).

[6] C.H.V. Chang and W.S. Hou, Phys. Rev. D 64, 071501 (2001). [7] G. Eilam, M. Ladisa, and Y.-D. Yang, Phys. Rev. D 65, 037504 (2002). [8] Particle Data Group, K. Hagiwara et al., Phys. Rev. D 66, 010001 (2002). [9] Babar Collaboration, B. Aubert et al., Phys. Rev. Lett. 90, 231801 (2003). [10] S. Kurokawa and E. Kikutani, Nucl. Instr. and Meth. A 499, 1 (2003), and other papers included in this Volume.

[11] Belle Collaboration, A. Abashian et al., Nucl. Instr. and Meth. A 479, 117 (2002). [12] G.C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978). [13] K. Hanagaki et al., Nucl. Instr. and Meth. A 485, 490 (2002). [14] A. Abashian et al., Nucl. Instr. and Meth. A 491, 69 (2002). [15] Belle Collaboration, K. Abe et al., Phys. Rev. D 67, 032003 (2003).

[16] Further study shows this holds also for general B decay modes, and (ΔM_B, M_{bc}) will be somewhat better than (ΔE, M_{bc}) to isolate B candidates.

[17] ARGUS Collaboration, H. Albrecht et al., Phys. Lett. B241, 278 (1990); ibid. B254, 288 (1991).

[18] T. Skwarnicki, Ph.D. Thesis, Institute for Nuclear Physics, Krakow 1986; DESY Internal Report, DESY F31-86-02 (1986).

[19] G. J. Feldman and R. D. Cousins, Phys. Rev. D 57, 3873 (1998). [20] J. Conrad et al., Phys. Rev. D 67, 012002 (2003).

[21] The 90% confidence interval obtained is [3.5 × 10^{−6}, 41 × 10^{−6}]. The central value of the branching fraction is (8.7^{+6.9}_{−6.5}) × 10^{−6}, where the uncertainty includes both statistical and systematic components.