CLEO CONF 98-24 ICHEP98 1073

Evidence for B → η_cK decays

CLEO Collaboration

(July 21, 1998)

Abstract

B meson decays to η_c have been searched for using CLEO II data. An excess of events has been observed for the B^± → η_cK^± decay in the channel η_c → ϕϕ with a significance of 3.9σ. The measured branching fraction is (1.54^{+1.39}_{−0.87}(stat)± 0.15(syst) ± 0.60(η_c br. fr.)) × 10^{−3}. Upper limits have been set for the decays B^0 → η_cK^0, B^0 → η_cK^{∗0} and B^± → η_cK^{∗±}.

S. Chan,^1 G. Eigen,^1 E. Lipeles,^1 J. S. Miller,^1 M. Schmidtler,^1 A. Shapiro,^1 W. M. Sun,^1 J. Urheim,^1 A. J. Weinstein,^1 F. Würthwein,^1 D. E. Jaffe,^2 G. Masek,^2 H. P. Paar,^2 E. M. Potter,^2 S. Prell,^2 V. Sharma,^2 D. M. Asner,^3 J. Gronberg,^3 T. S. Hill,^3 D. J. Lange,^3 R. J. Morrison,^3 H. N. Nelson,^3 T. K. Nelson,^3 D. Roberts,^3 B. H. Behrens,^4 W. T. Ford,^4 A. Gritsan,^4 H. Krieg,^4 J. Roy,^4 J. G. Smith,^4 J. P. Alexander,^5 R. Baker,^5 C. Bebek,^5 B. E. Berger,^5 K. Berkelman,^5 V. Boisvert,^5 D. G. Cassel,^5 D. S. Crowcroft,^5 M. Dickson,^5 S. von Dombrowski,^5 P. S. Drell,^5 K. M. Ecklund,^5 R. Ehrlich,^5 A. D. Foland,^5 P. Gaidarev,^5 R. S. Galik,^5 L. Gibbons,^5 B. Gittelman,^5 S. W. Gray,^5 D. L. Hartill,^5 B. K. Heltsley,^5 P. I. Hopman,^5 J. Kandaswamy,^5 D. L. Kreinick,^5 T. Lee,^5 Y. Liu,^5 N. B. Mistry,^5 C. R. Ng,^5 E. Nordberg,^5 M. Ogg,^{5,∗} J. R. Patterson,^5 D. Peterson,^5 D. Riley,^5 A. Soffer,^5 B. Valant-Spaight,^5 A. Warburton,^5 C. Ward,^5 M. Athanas,^6 P. Avery,^6 C. D. Jones,^6 M. Lohner,^6 C. Prescott,^6 A. I. Rubiera,^6 J. Yelton,^6 J. Zheng,^6 G. Brandenburg,^7 R. A. Briere,^7 A. Ershov,^7 Y. S. Gao,^7 D. Y.-J. Kim,^7 R. Wilson,^7 H. Yamamoto,^7 T. E. Browder,^8 Y. Li,^8 J. L. Rodriguez,^8 S. K. Sahu,^8 T. Bergfeld,^9 B. I. Eisenstein,^9 J. Ernst,^9 G. E. Gladding,^9 G. D. Gollin,^9 R. M. Hans,^9 E. Johnson,^9 I. Karliner,^9 M. A. Marsh,^9 M. Palmer,^9 M. Selen,^9 J. J. Thaler,^9 K. W. Edwards,^{10} A. Bellerive,^{11} R. Janicek,^{11} P. M. Patel,^{11} A. J. Sadoff,^{12} R. Ammar,^{13} P. Baringer,^{13} A. Bean,^{13} D. Besson,^{13} D. Coppage,^{13} C. Darling,^{13} R. Davis,^{13} S. Kotov,^{13} I. Kravchenko,^{13} N. Kwak,^{13} L. Zhou,^{13} S. Anderson,^{14} Y. Kubota,^{14} S. J. Lee,^{14} R. Mahapatra,^{14} J. J. O’Neill,^{14} R. Poling,^{14} T. Riehle,^{14} A. Smith,^{14} M. S. Alam,^{15} S. B. Athar,^{15} Z. Ling,^{15} A. H. Mahmood,^{15} S. Timm,^{15} F. Wappler,^{15} A. Anastassov,^{16} J. E. Duboscq,^{16} K. K. Gan,^{16} T. Hart,^{16} K. Honscheid,^{16} H. Kagan,^{16} R. Kass,^{16} J. Lee,^{16} H. Schwarthoff,^{16} A. Wolf,^{16} M. M. Zoeller,^{16} S. J. Richichi,^{17} H. Severini,^{17} P. Skubic,^{17} A. Undrus,^{17} M. Bishai,^{18} S. Chen,^{18} J. Fast,^{18} J. W. Hinson,^{18} N. Menon,^{18} D. H. Miller,^{18} E. I. Shibata,^{18} I. P. J. Shipsey,^{18} S. Glenn,^{19} Y. Kwon,^{19,†} A.L. Lyon,^{19} S. Roberts,^{19} E. H. Thorndike,^{19} C. P. Jessop,^{20} K. Lingel,^{20} H. Marsiske,^{20} M. L. Perl,^{20} V. Savinov,^{20} D. Ugolini,^{20} X. Zhou,^{20} T. E. Coan,^{21} V. Fadeyev,^{21} I. Korolkov,^{21} Y. Maravin,^{21} I. Narsky,^{21} R. Stroynowski,^{21} J. Ye,^{21} T. Wlodek,^{21} M. Artuso,^{22} E. Dambasuren,^{22} S. Kopp,^{22} G. C. Moneti,^{22} R. Mountain,^{22} S. Schuh,^{22} T. Skwarnicki,^{22} S. Stone,^{22} A. Titov,^{22} G. Viehhauser,^{22} J.C. Wang,^{22} J. Bartelt,^{23} S. E. Csorna,^{23} K. W. McLean,^{23} S. Marka,^{23} Z. Xu,^{23} R. Godang,^{24} K. Kinoshita,^{24} I. C. Lai,^{24} P. Pomianowski,^{24} S. Schrenk,^{24} G. Bonvicini,^{25} D. Cinabro,^{25} R. Greene,^{25} L. P. Perera,^{25} and G. J. Zhou^{25}

1California Institute of Technology, Pasadena, California 91125 2University of California, San Diego, La Jolla, California 92093 3University of California, Santa Barbara, California 93106 4University of Colorado, Boulder, Colorado 80309-0390

∗Permanent address: University of Texas, Austin TX 78712. †Permanent address: Yonsei University, Seoul 120-749, Korea.

5Cornell University, Ithaca, New York 14853 6University of Florida, Gainesville, Florida 32611 7Harvard University, Cambridge, Massachusetts 02138 8University of Hawaii at Manoa, Honolulu, Hawaii 96822 9University of Illinois, Urbana-Champaign, Illinois 61801 10Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 11McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 12Ithaca College, Ithaca, New York 14850 13University of Kansas, Lawrence, Kansas 66045 14University of Minnesota, Minneapolis, Minnesota 55455 15State University of New York at Albany, Albany, New York 12222 16Ohio State University, Columbus, Ohio 43210 17University of Oklahoma, Norman, Oklahoma 73019 18Purdue University, West Lafayette, Indiana 47907 19University of Rochester, Rochester, New York 14627 20Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 21Southern Methodist University, Dallas, Texas 75275 22Syracuse University, Syracuse, New York 13244 23Vanderbilt University, Nashville, Tennessee 37235 24Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 25Wayne State University, Detroit, Michigan 48202

Little is known about η_c production in B decays. The two-body B decays into η_c and a strange meson have attracted considerable attention following the observation of an unexpectedly large rate for B decays to η^′ [1]. Several mechanisms were proposed to explain such a large rate. Among them, the possibility of a substantial “intrinsic charm” component of the η^′ [2, 3, 4] was suggested. This intrinsic charm content of the η^′ mesons could lead to an enhanced rate of η_c production.

Both inclusive and exclusive B decays η_c states are of further theoretical interest as a testing ground for QCD calculations of quark dynamics and factorization. These rates are expected to be comparable to those of the corresponding B decays into the J/ψ and may be used to extract the poorly known decay constant f_{ηc} [5, 6, 7]. The theoretical expectations are summarized in Table 1.

In this study we search^1 for the decays:

• B^+ → η_cK^+

• B^0 → η_cK^0

• B^+ → η_cK^{∗+}

• B^0 → η_cK^{∗0}.

We use the η_c decay channel η_c → ϕϕ with each ϕ decaying into K^+K^−. This mode has a clean and distinct experimental signature of four charged kaons, which compensates for its very low branching fraction Br(η_c → ϕϕ) = (0.71 ± 0.28)% [8]. We reconstruct the K^{∗0} in both the K^+π^− and K_sπ^0 modes and the K^{∗+} in both the K^+π^0 and K^0π^+ modes.

Table 1: Phenomenological estimates of η_c production in B decays^2 Prediction Reference Br(B → η_cK^+) = (0.9 ∼ 1.61) × 10^{−3} [6] Br(B → η_cK^∘) = (0.89 ∼ 1.98) × 10^{−3} [6] Br(B → η_cK^{⋆+}) = (0.5 ∼ 2.03) × 10^{−3} [6] Br(B → η_cK^{⋆∘}) = (0.5 ∼ 1.63) × 10^{−3} [6] Br(B → η_cK^−) = (1.801 ± 0.286) × 10^{−3} [7] Br(B → η_cK^∘) = (1.229 ± 0.414) × 10^{−3} [7] Br(B → η_cX_s) = (4.612 ± 1.153) × 10^{−3} [7] Br(B → η_cX) = 0.70 ± 0.08 [5] Br(B → η_cX) ≈ 0.5 [2]

1Throughout this note the charge conjugate state is implied.

2The papers [2] and [5] discuss the relative rates of the η_c and J/ψ in B decays. In extracting the branching fractions for inclusive B decays to η_c we have neglected the Cabbibo-suppressed B decays.

This analysis uses data collected with the CLEO II detector[9] at the Cornell e^+e^− storage ring CESR. The data sample corresponds to an integrated luminosity of 3.1 fb^{−1} collected at the peak of the Υ(4S) resonance and contains approximately 3.3 million BB̄ pairs. The continuum e^+e^− → qq background was studied using 1.6 fb^{−1} of off-resonance data taken 60 MeV below the Υ(4S) peak.

CLEO II is a general purpose solenoidal magnet detector with 67 layers of tracking devices inside a 1.5 T magnetic field. Photons are detected in a highly segmented CsI crystal calorimeter; pion/kaon separation is provided by a time of flight system and by the measurement of the ionization loss, dE/dx, in the main drift chamber. Muons are identified using proportional counters placed at three different interaction length depths of the magnet return yoke iron.

Two analysis methods are employed. The first one is the “Slice and Dice” method utilizing cuts designed to minimize background. It is used to establish the existence of the signal. The second method uses a more general, simultaneous maximum likelihood fit to several variables to provide better separation of signal from background. This method is analogous to that used in CLEO studies of rare B decays to η^′ [1].

We select events with at least 5 good tracks with impact parameter in the r − ϕ plane less than 5 mm and the distance of closest approach to the beam spot in z less than than 5 cm. Photon candidates are required to have energies greater than 30 MeV in the barrel or 50 MeV in the endcaps; showers associated with tracks are not considered as photon candidates.

Neutral pions are reconstructed from two photons with an effective mass within 3σ of the nominal π^0 mass. The K^0 candidates are required to have at least 5 mm flight distance from the primary vertex to the decay point and mass within 15MeV/c^2 of the K_s mass. The K^∗ candidates are reconstructed in 4 submodes: K^±π^±, K^±π^0, K_sπ^± and K_sπ^0. A Kπ combination is considered a K^∗ candidate if its mass is within 80MeV/c^2 of the nominal K^∗ mass.

The ϕ mesons are reconstructed in the K^+K^− decay channel by requiring the effective mass of the two kaons to be within 8 MeV of nominal ϕ mass. The kaon candidates must satisfy particle ID consistency cuts using both dE/dx and time of flight when available.

We require the two ϕ mesons to have an effective mass compatible with the η_c. The 1997 PDG values for the η_c mass and width are m = 2979.8 ± 2.1MeV/c^2 and Γ = 13.2^{+3.8}_{−3.2}MeV . The intrinsic detector resolution for the η_c mass is found to be ∼ 6MeV/c^2 from Monte Carlo studies. Folded with the natural width of the η_c, the mass distribution has a resolution of σ = 9MeV/c^2. We select candidates with a mass within 25MeV/c^2 of the nominal mass. This window is broad enough to allow for the uncertainty in the η_c mass and width.

For the signal candidates, the effective mass of the η_c and the additional kaon or K^∗ should form the B mass, and the energy of the system should be equal to the beam energy. The energy resolution is 21 MeV. We use the beam energy constraint to improve the B mass resolution. The beam constrained mass resolution is 2.7 MeV. We define the signal box for the η_cK^{(∗)} final state as |m(η_cK^{(∗)}) − m(B)| < 7MeV/c^2 and |E(η_cK^{(∗)}) − E_{beam}| < 50MeV .

For a small number of events, multiple combinations of tracks fulfill all of the selection criteria. For these events we assign to each combination a weight equal to the inverse of the number of combinations.

There are several sources of background to our signal. These include

1. the combinatorial background in signal B decays

2. cross-feed from different submodes in B → η_cX decays

3. combinatorial background from generic BB̄ production

4. combinatorial background from continuum production

5. high multiplicity τ^+τ^− and two-photon events.

The combinatorial background from signal events are minimized by imposing restrictive mass selection criteria on the ϕ, η_c and B.

A substantial fraction of the background from generic B decays is due to semileptonic B decay where the decay lepton is energetic. For high momentum tracks the dE/dx and TOF information is insufficient to distinguish kaons from leptons. To remove this background we impose a lepton veto on all of the kaon candidates.

Continuum, tau pair and two-photon background events are expected to exhibit a jet-like event structure. These backgrounds are suppressed by requiring R2 ≤ 0.25, where R2 is the ratio of two Fox-Wolfram moments.

For the decay B → η_cK^∗ with K^∗ → K^±π^0 we require a negative K^∗ helicity, i.e. the daughter kaon should travel backwards in the K^∗ rest frame. This requirement results in selection of kaons with momenta p ≤ 1GeV/c for which the particle identification is effective. This also avoids the large π^0 background from random photon combinations present at low π^0 momentum. This cut suppresses the background by a factor of 5 and reduce the efficiency by about 50%. This cut is not required for the other K^∗ decay modes where the backgrounds are significantly lower.

In the simple ”Slice and Dice” approach 2 events are found in the signal region for the B → η_cK channel with the expected background of 0.049 events. The background estimate is obtained by the extrapolation into the signal region of the m_B and E_B distributions observed in the Grand Side Band.

The event yields are obtained using unbinned maximum likelihood fits to the data. The likelihood is defined as

L = e^{−(s+b)} N∏ e=1 (sP_s(e) + bP_b(e)) where P is the normalized probability density function (PDF) for for event e evaluated for signal and background and s and b are the fractions of signal and background events in the data.

Five variables are used in the fit: m_B , ΔE = E_{cand.} − E_{beam}, m_{ηc} , cosθ and χ. The last two variables describe the angular distribution if the decay η_c → ϕϕ → K^+K^−K^+K^−.

We parameterize the signal PDFs as follows: bifurcated Gaussian in m_B ; double Gaussian in ΔE; Breit-Wigner smeared by double Gaussian in m_{ηc} ; 1−x^2 in cosθ; sin^2 in χ. In the η_c → ϕϕ analysis, the signal η_c decays into two identical vector particles and only two combinations of ϕ helicities are allowed: −1, −1 or +1, +1. The full angular distribution depends on three angles

I(Ω, Ω^′, Ω^{′′}) = const × sin^2(θ^′) × sin^2(θ^{′′}) × sin^2(χ),

where θ^′ and θ^{′′} are the angles between positive kaon in each of the parent’ ϕ rest frame and the ϕ’s direction and χ is the angle between the planes formed by two vectors of kaons in each ϕ decay as measured in the η_c rest frame. The background is parameterized as follows: second order polynomial in scaled B momentum times a phase-space factor in m_B ; linear function in ΔE; linear function in m_{ηc} ; flat distribution in the angular variables cosθ and χ.

Table 2 shows a summary of the systematic errors we assign to our selection. The error is dominated by the uncertainty in the η_c → ϕϕ branching fraction. The next largest error is due to track finding.

Table 2: Systematic errors.

Error per Error, % quantity, % η_cK η_cK_s η_c(Kπ) η_c(Kπ^0) η_c(K_sπ) η_c(K_sπ^0) Track finding 2 10 8 12 10 10 8 K_s reconstruction 5 0 5 0 0 5 5 π^0 finding 5 0 0 0 5 0 5 R2 1 m_{ηc} 5 ΔE criteria negligible m_B criteria negligible Br(η_c → ϕϕ) 39 total error, % 40.7 40.5 41.2 41.0 41.0 40.8

For the decay B^± → η_cK^± the resulting likelihood function is plotted as function of the number of signal events in Figure 1. The maximum likelihood is obtained for

1.95^{+1.77}_{−1.10} signal events, corresponding to 3.93σ significance for the on-resonance data. The off-resonance data fits to zero yield. The systematic error due to uncertainties in the PDF shape parameters are included. Projections of the data onto each of the 5 variables used in the fit are shown in Figure 2 with the fit result overlayed. We find no evidence for the related decays to η_cK^0, η_cK^{∗0}, and η_cK^{∗+} and set the upper limits shown in Table 3.

Figure 1: Likelihood function for B^± → η_cK^±, η_c → ϕϕ as a function of the number of signal events.

In summary, we have observed an excess of events for the decay B^± → η_cK^± in the η_c decay channel η_c → ϕϕ with a significance of 3.9σ and a corresponding branching fraction of Br(B^± → η_cK^±) = (1.54^{+1.39}_{−0.87} ± 0.15 ± 0.60) × 10^{−3}, where the first error is statistical, the second systematic and the third the uncertainty associated with the η_c → ϕϕ branching fraction. Upper limits have been set for the related decays to η_cK^0, η_cK^{∗0}, and η_cK^{∗+}.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the National Science Foundation, the U.S. Department of Energy, Research Corporation, the Natu-

Table 3: Upper limits for B → η_c decay modes.

Decay Channel Upper Limit B^0 → η_cK^0 6.8 × 10^{−3} B^0 → η_cK^{⋆0} 5.95 × 10^{−3} B^± → η_cK^{⋆±} 18.5 × 10^{−3}

Figure 2: Fit result projections for B^± → η_cK^±, η_c → ϕϕ. Data, after cuts on all other variables, are overlaid with the sum of scaled signal and background distributions.

ral Sciences and Engineering Research Council of Canada, the A.P. Sloan Foundation, the Swiss National Science Foundation, and the Alexander von Humboldt Stiftung.

References

[1] B. Behrens et al., Phys. Rev. Letters 80, 3710 (1998). [2] I. Halperin, A. Zhitnitsky hep-ph/9705251,

I. Halperin, A. Zhitnitsky, PRD 56, 7247 (1997), E.V. Shuryak, A.R. Zhitnitsky, PRD 57, 2001 (1998).

[3] H. Lipkin, Phys. Letters B415, 186 (1997). [4] F. Yuan, K.-T. Chao, PRD 56, 2495 (1997). [5] M.R. Ahmady, E. Kou, Eur. Phys. J. C1, 243 (1998). [6] D.S. Hwang, G.-H. Kim, Z. Phys. C76, 107 (1997). [7] N.G. Deshpande and J. Trampetic, Phys. Lett. B339, 270 (1994). [8] Particle Data Book, PRD 54, 1 (1996).

[9] Y. Kubota et al., Nucl. Instrum. Methods Phys. Res., Sec. A 320, 66 (1992).