arXiv:hep-ex/0101006 v2 31 Jul 2001

CLNS 01/1717 CLEO 01-01

Bounds on the CP Asymmetry in Like-sign Dileptons from B^0B̄^0 Meson

Decays

CLEO Collaboration

(January 5, 2001)

Abstract

We have measured the charge asymmetry in like-sign dilepton yields from B^0B̄^0 meson decays using the CLEO detector at the Cornell Electron Storage Ring. We find a_{ℓℓ} ≡ [N(ℓ^+ℓ^+) − N(ℓ^−ℓ^−)] / [N(ℓ^+ℓ^+) + N(ℓ^−ℓ^−)] = +0.013 ± 0.050 ± 0.005. We combine this result with a previous, independent measurement and obtain Re(ϵ_B )/(1 + |ϵ_B|^2) = +0.0035 ± 0.0103 ± 0.0015 (uncertainties are statistical and systematic, respectively) for the CP impurity parameter, ϵ_B .

D. E. Jaffe,^1 R. Mahapatra,^1 G. Masek,^1 H. P. Paar,^1 D. M. Asner,^2 A. Eppich,^2 T. S. Hill,^2 R. J. Morrison,^2 R. A. Briere,^3 G. P. Chen,^3 T. Ferguson,^3 H. Vogel,^3 A. Gritsan,^4 J. P. Alexander,^5 R. Baker,^5 C. Bebek,^5 B. E. Berger,^5 K. Berkelman,^5 F. Blanc,^5 V. Boisvert,^5 D. G. Cassel,^5 P. S. Drell,^5 J. E. Duboscq,^5 K. M. Ecklund,^5 R. Ehrlich,^5 P. Gaidarev,^5 L. Gibbons,^5 B. Gittelman,^5 S. W. Gray,^5 D. L. Hartill,^5 B. K. Heltsley,^5 P. I. Hopman,^5 L. Hsu,^5 C. D. Jones,^5 J. Kandaswamy,^5 D. L. Kreinick,^5 M. Lohner,^5 A. Magerkurth,^5 T. O. Meyer,^5 N. B. Mistry,^5 E. Nordberg,^5 M. Palmer,^5 J. R. Patterson,^5 D. Peterson,^5 D. Riley,^5 A. Romano,^5 J. G. Thayer,^5 D. Urner,^5 B. Valant-Spaight,^5 G. Viehhauser,^5 A. Warburton,^5 P. Avery,^6 C. Prescott,^6 A. I. Rubiera,^6 H. Stoeck,^6 J. Yelton,^6 G. Brandenburg,^7 A. Ershov,^7 D. Y.-J. Kim,^7 R. Wilson,^7 T. Bergfeld,^8 B. I. Eisenstein,^8 J. Ernst,^8 G. E. Gladding,^8 G. D. Gollin,^8 R. M. Hans,^8 E. Johnson,^8 I. Karliner,^8 M. A. Marsh,^8 C. Plager,^8 C. Sedlack,^8 M. Selen,^8 J. J. Thaler,^8 J. Williams,^8 K. W. Edwards,^9 R. Janicek,^{10} P. M. Patel,^{10} A. J. Sadoff,^{11} R. Ammar,^{12} A. Bean,^{12} D. Besson,^{12} X. Zhao,^{12} S. Anderson,^{13} V. V. Frolov,^{13} Y. Kubota,^{13} S. J. Lee,^{13} J. J. O’Neill,^{13} R. Poling,^{13} T. Riehle,^{13} A. Smith,^{13} C. J. Stepaniak,^{13} J. Urheim,^{13} S. Ahmed,^{14} M. S. Alam,^{14} S. B. Athar,^{14} L. Jian,^{14} L. Ling,^{14} M. Saleem,^{14} S. Timm,^{14} F. Wappler,^{14} A. Anastassov,^{15} E. Eckhart,^{15} K. K. Gan,^{15} C. Gwon,^{15} T. Hart,^{15} K. Honscheid,^{15} D. Hufnagel,^{15} H. Kagan,^{15} R. Kass,^{15} T. K. Pedlar,^{15} H. Schwarthoff,^{15} J. B. Thayer,^{15} E. von Toerne,^{15} M. M. Zoeller,^{15} S. J. Richichi,^{16} H. Severini,^{16} P. Skubic,^{16} A. Undrus,^{16} V. Savinov,^{17} S. Chen,^{18} J. Fast,^{18} J. W. Hinson,^{18} J. Lee,^{18} D. H. Miller,^{18} E. I. Shibata,^{18} I. P. J. Shipsey,^{18} V. Pavlunin,^{18} D. Cronin-Hennessy,^{19} A.L. Lyon,^{19} W. Park,^{19} E. H. Thorndike,^{19} T. E. Coan,^{20} V. Fadeyev,^{20} Y. S. Gao,^{20} Y. Maravin,^{20} I. Narsky,^{20} R. Stroynowski,^{20} J. Ye,^{20} T. Wlodek,^{20} M. Artuso,^{21} C. Boulahouache,^{21} K. Bukin,^{21} E. Dambasuren,^{21} G. Majumder,^{21} R. Mountain,^{21} S. Schuh,^{21} T. Skwarnicki,^{21} S. Stone,^{21} J.C. Wang,^{21} A. Wolf,^{21} J. Wu,^{21} S. Kopp,^{22} M. Kostin,^{22} A. H. Mahmood,^{23} S. E. Csorna,^{24} I. Danko,^{24} K. W. McLean,^{24} Z. Xu,^{24} R. Godang,^{25} G. Bonvicini,^{26} D. Cinabro,^{26} M. Dubrovin,^{26} S. McGee,^{26} G. J. Zhou,^{26} A. Bornheim,^{27} E. Lipeles,^{27} S. P. Pappas,^{27} M. Schmidtler,^{27} A. Shapiro,^{27} W. M. Sun,^{27} and A. J. Weinstein^{27}

1University of California, San Diego, La Jolla, California 92093 2University of California, Santa Barbara, California 93106 3Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 4University of Colorado, Boulder, Colorado 80309-0390 5Cornell University, Ithaca, New York 14853 6University of Florida, Gainesville, Florida 32611 7Harvard University, Cambridge, Massachusetts 02138 8University of Illinois, Urbana-Champaign, Illinois 61801 9Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 10McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 11Ithaca College, Ithaca, New York 14850 12University of Kansas, Lawrence, Kansas 66045 13University of Minnesota, Minneapolis, Minnesota 55455 14State University of New York at Albany, Albany, New York 12222

15Ohio State University, Columbus, Ohio 43210 16University of Oklahoma, Norman, Oklahoma 73019 17University of Pittsburgh, Pittsburgh, Pennsylvania 15260 18Purdue University, West Lafayette, Indiana 47907 19University of Rochester, Rochester, New York 14627 20Southern Methodist University, Dallas, Texas 75275 21Syracuse University, Syracuse, New York 13244 22University of Texas, Austin, Texas 78712 23University of Texas - Pan American, Edinburg, Texas 78539 24Vanderbilt University, Nashville, Tennessee 37235 25Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 26Wayne State University, Detroit, Michigan 48202 27California Institute of Technology, Pasadena, California 91125

The neutral B mesons mix, just as the neutral kaons do. K^0 − K̄^0 mixing violates CP , with different rates for K^0 → K̄^0 and K̄^0 → K^0. The Standard Model predicts that the mixing rates B^0 → B̄^0 and B̄^0 → B^0 are very nearly equal. Thus, a CP asymmetry in B^0 − B̄^0 mixing would be evidence for non-Standard-Model physics.

The mass eigenstates of the neutral B system may be written as B_{1,2} = [ (1 + ϵ_B)B^0 ± (1 − ϵ_B)B̄^0 ] / √ 2(1 + |ϵ_B|^2), where ϵ_B is the “CP impurity parameter”, analogous to the CP violation parameter ϵ of K^0 mixing. If the real part of ϵ_B is non-zero, then a CP asymmetry exists. In an Υ(4S) → B^0B̄^0 event where both B mesons undergo semileptonic decay, the presence of like-sign dileptons indicates mixing. A charge asymmetry of such events, a_{ℓℓ} ≡ [N(ℓ^+ℓ^+) − N(ℓ^−ℓ^−)] / [N(ℓ^+ℓ^+) + N(ℓ^− ℓ^−)], indicates a CP violation, related to Re(ϵ_B) by a_{ℓℓ} = 4Re(ϵ_B )/ (1 + |ϵ_B|^2). For a review of the formalism, see Ref. [1].

The lepton charge asymmetry in BB̄ decays with a single charged lepton, a_ℓ, also measures the CP violation parameter but with reduced sensitivity, because B^+B^− and unmixed B^0B̄^0 events contribute. In particular [1],

a_ℓ = χ_d [ f_{00}τ^2_0 /(f_{00}τ^2_0 + f_{+−}τ^2_±) ] a_{ℓℓ}. (1) Here f_{00} (f_{+−}) is the fraction of Υ(4S) decays leading to B^0B̄^0 (B^+B^−), τ_0 (τ_±) is the lifetime of the neutral (charged) B meson, and χ_d is the neutral B mixing parameter, the ratio of mixed events to mixed plus non-mixed neutral events.

The Standard Model prediction [2] for Re(ϵ_B) is ∼10^{−3}, while superweak models have predictions [3] up to an order of magnitude larger. Previous searches by us [4,5], and by others [6–9] have found no evidence for CP violation within a statistical accuracy ranging from ±0.07 to ±0.01 in Re(ϵ_B).

In this Letter we report a measurement of dilepton asymmetry, using a new technique and ten times more data than our previous dilepton measurement [4]. With this increased statistical accuracy we reduce systematic errors by combining single lepton asymmetries with dilepton asymmetries. This technique renders our systematic errors negligible and is appropriate for B-factory-sized data samples of hundreds of inverse femtobarns.

The data used in this analysis were taken with the CLEO detector at the Cornell Electron Storage Ring (CESR), a symmetric e^+e^− collider. Our sample consists of 9.1 fb^{−1} on the Υ(4S) resonance, and 4.4 fb^{−1} at a center-of-mass energy ∼60 MeV below the resonance. The on-resonance sample contains 10 million BB̄ events and 30 million continuum events, while the off-resonance sample contains 15 million continuum events.

The CLEO detector [10] measures charged particle momenta over 95% of 4π steradians with a system of cylindrical drift chambers immersed in a 1.5 T solenoidal magnetic field. For 2/3 of the data used here, the innermost tracking chamber was a 3-layer silicon vertex detector [11]. The CLEO barrel and endcap CsI electromagnetic calorimeters cover 98% of 4π. Charged particle species are identified by specific ionization measurements (dE/dX) in the outermost drift chamber and by time-of-flight counters placed just beyond the tracking volume.

Muons are identified by their ability to penetrate the iron return yoke of the magnet (at least five interaction lengths of material in this analysis). Electrons are identified by shower energy to momentum ratio (E/P ), track-cluster matching, dE/dX, and shower shape. For angles relative to the beam line of less than 45^∘, electrons pass through the thick end plates of the drift chamber, and the quality of electron identification degrades. We make a distinction between “central electrons”, with | cos θ| ≤ 0.7, and “non-central electrons”, with | cos θ| > 0.7. In this analysis, we wish to count single leptons and lepton pairs, with all leptons coming from the primary semileptonic decay of B mesons. There are backgrounds from secondary decays b → c → sℓν, from B → ψ → ℓ^+ℓ^−, from pair-converted photons, from hadrons misidentified as leptons, and from continuum events. To reduce these backgrounds, we do the following: require that the leptons have high momentum, 1.6 – 2.4 GeV/c; veto leptons that form a J/ψ or ψ^′ candidate with any other loosely-identified, same-flavor, opposite-charge lepton in the event; and veto electrons that appear to originate from photon conversions. The momentum requirement eliminates our sensitivity to leptons from taus involved in semileptonic B decays. In counting lepton pairs, we allow at most one lepton to be an electron from the non-central region. To suppress continuum events in lepton pairs, we require that the leptons be non-collinear, with the angle θ_{ℓℓ} between them satisfying −0.8 < cos θ_{ℓℓ} < +0.9 (the 0.9 limit eliminates a rare tracking error where two nearly identical tracks are found for one particle). We subtract the remaining continuum contribution with our off-resonance data.

From off-resonance-subtracted like-sign dilepton yields, N^m(ℓ^±ℓ^±), we calculate the measured charge asymmetry a^m_{ℓℓ} ≡ [N^m(ℓ^+ℓ^+) − N^m(ℓ^−ℓ^−)] / [N^m(ℓ^+ℓ^+) + N^m(ℓ^−ℓ^−)], which is related to the desired, corrected asymmetry a^0_{ℓℓ} by^1 a^m_{ℓℓ} = d^{like}_{ℓℓ} a^0_{ℓℓ} + 2a_η + r_1(a_{ℓh} + a_f ) 1 + r_1

. (2)

Here the dilution d^{like}_{ℓℓ} is the fraction of like-sign dilepton pairs that are primary pairs; a_η is the charge asymmetry in the efficiency for detecting and identifying leptons; r_1/(1 + r_1) is the fraction of measured like-sign dileptons with one being a misidentified hadron; a_{ℓh} is the asymmetry in like-sign lepton-hadron pairs; and a_f is the asymmetry in the probability that a hadron is misidentified as a lepton. In Eq. 2, pairs with both tracks being hadrons misidentified as leptons and terms that are products of asymmetries are very small compared to the statistical accuracy on a^m_{ℓℓ} , and have been neglected.

We measure the probability that a pion will be misidentified as a lepton using π^± tracks from K^0_S → π^+π^− decays and the probability that a kaon will be misidentified as a lepton using K^± tracks from D^{∗+} → π^+D^0 → π^+K^+π^− (and charge conjugate) decays. We combine pion and kaon misidentification probabilities, separately for positive and negative tracks, using the K/π abundance ratio given by Monte Carlo simulation. This procedure gives a probability of 0.9% that a hadron will be misidentified as a muon, 0.04% as a central electron, and 0.3% as a non-central electron. Using these numbers with the yields of likesign lepton-hadron pairs, we find values of r_1 ranging from 0.15 (μμ) to 0.07 (μe) to 0.006 (ee).

1A note on notation: a superscript m indicates a measured quantity while superscript 0 indicates a true quantity. For example, a^m_{ℓℓ} is the measured like sign dilepton asymmetry, which is the true asymmetry a^0_{ℓℓ} diluted by backgrounds and possibly biased by false asymmetries. We correct a^m_{ℓℓ} to obtain a^0_{ℓℓ} as described in the text.

The charge asymmetries in the misidentification probabilities, a_f , are +0.18 ± 0.05 for muons, –0.50 ± 1.00 for central electrons, and +0.36 ± 0.25 for non-central electrons. The charge asymmetries in like-sign lepton-hadron pairs, a_{ℓh}, are small and have small errors (∼0.02 ± 0.02). Thus, the correction term r_1(a_{ℓh} + a_f ) in Eq. 2 contributes very little to the final uncertainty. In solving Eq. 2 for a^0_{ℓℓ}, the term (1 + r_1) multiplies a^m_{ℓℓ} . Since the error on a^m_{ℓℓ} is comparable to a^m_{ℓℓ} itself, and since r_1 is reasonably well determined, this correction also contributes little to the final uncertainty.

Dilution factors d_{ℓℓ} are determined from Monte Carlo simulation. For like-sign pairs we find d^{like}_{ℓℓ} = 0.70, while for opposite-sign pairs d^{opposite}_{ℓℓ} = 0.96; for single leptons, the fraction that are primary is d_ℓ = 0.97. For example, for like-sign lepton pairs 70% of events are primary pairs, 22% are primary-secondary pairs, 7% are events with one primary lepton and one lepton from a J/ψ decay, and 2% are events with a primary lepton and the other lepton from a photon conversion.

This leaves all correction terms in Eq. 2 determined except a_η, the asymmetry in the efficiency for detecting and identifying leptons, positive vs. negative. While this asymmetry is not expected to be more than 1–2%, that is sufficiently large to be important. We see no direct way to measure a_η. Consequently, we turn to the measured asymmetry in yields for single leptons, a^m_ℓ . That asymmetry may be expressed as

a^m_ℓ = d_ℓa^0_ℓ + a_η + r_0(a_h + a_f ) 1 + r_0

. (3)

Here r_0/(1 + r_0) is the ratio of the total yield of misidentified hadrons (total hadron yield times the average misidentification probability) to the total measured lepton yield, a_h is the asymmetry in single hadrons, a^0_ℓ is related to a^0_{ℓℓ} by Eq. 1, and a_f , a_η, and d_ℓ have been previously defined. We find r_0 equals 0.02 for muons, 0.001 for central electrons, and 0.01 for non-central electrons. The value of a_f has been previously determined, and a_h is small, with small errors (∼0.01 ± 0.01). Thus the correction term r_0(a_h + a_f ) contributes little to the final error. Similarly, the factor (1 + r_0) contributes little error. We are thus able to express a_η in terms of a^m_ℓ and a^0_{ℓℓ}, and inserting Eq. 3 into Eq. 2, we obtain

a^0_{ℓℓ} = a^m_{ℓℓ} (1 + r_1) − 2a^m_ℓ (1 + r_0) − (r_1 − 2r_0)a_f d^{like}_{ℓℓ} − 2d_ℓ χ_d [f_{00}τ^2_0 /(f_{00}τ^2_0 + f_{+−}τ^2_±)]

. (4)

We have outlined our procedure as if there were only one variety of dilepton pair, while in fact there are five: μμ, μe, μe^′ , ee, and ee^′, where e and e^′ refer to central and non-central electron candidates, respectively. Our actual procedure is to compute a weighted sum of dilepton asymmetries, using Eq. 2, and then eliminate a^μ_η , a^e_η, and a^{e′}_η from it using the three measured single lepton asymmetries and Eq. 3. Dilepton yields and asymmetries are given in Table I. Single lepton yields and asymmetries are given in Table II. The combined result is a^0_{ℓℓ} = +0.013 ± 0.050, where the uncertainty is statistical only.

From the yields of like-sign and opposite-sign dilepton pairs, corrected for misidentified hadrons, we calculate the B^0B̄^0 mixing parameter χ_d via

χ_d = d^{like}_{ℓℓ} (N(ℓ^+ℓ^+) + N(ℓ^−ℓ^−)) d^{opposite} ℓℓ N(ℓ^+ℓ^−) + d^{like}_{ℓℓ} (N(ℓ^+ℓ^+) + N(ℓ^−ℓ^−)) ( f_{00}τ^2_0 + f_{+−}τ^2_± f_{00}τ^2_0 ) . (5)

The dilution-factor-corrected ratio of like-sign to all dilepton pairs in Eq. 5 is consistent among the five varieties of lepton pairs, and averages to 0.081 ± 0.002. The term

(_{f00τ 2}

0 +f+−τ^2_±

f00τ 20 ) corrects the denominator of Eq. 5 for dilepton pairs from B^+B^−. We evaluate it using f_{+−}τ_±/f_{00}τ_0 = 1.11 ± 0.08 [12] and τ_±/τ_0 = 1.06 ± 0.03 [13], obtaining 0.46 ± 0.02. This gives χ_d = 0.175 ± 0.008, to be compared with the PDG value [13] of 0.174 ± 0.009. Note that the value for χ_d that we obtain depends on the correctness of d^{like}_{ℓℓ} . Rather than claim a new measurement of mixing, we turn things around, and use the good agreement with the PDG value to place a limit on the error of d^{like}_{ℓℓ} of ±7% of itself.

The systematic error of ±7% of d^{like}_{ℓℓ} leads to a ±9% multiplicative systematic error in a^0_{ℓℓ}. Other multiplicative systematic errors considered are from χ_d (±1.7%), and from the offresonance subtraction (±1.7%). We combine these for an overall multiplicative systematic error of ±10%.

We have considered several additive systematic errors, in particular the following sources: imperfect cancellation of a_η between dilepton and single lepton events due to differences in single and dilepton momentum spectra (±0.0030); systematic uncertainty in the hadron misidentification probability (±0.0037); difference between a_f for dileptons and a_f for single leptons (small, included in statistical error); systematic uncertainty in the off-resonance subtraction (±0.0020); and a difference in the momentum scale between positive and negative tracks (±0.0006). These combine to an additive systematic error of ±0.005.

In conclusion, we have measured the like-sign dilepton charge asymmetry to be a^0_{ℓℓ} = (+0.013 ± 0.050 ± 0.005)(1.00 ± 0.10), where the errors are statistical, additive systematic, and multiplicative systematic, respectively. This result is more accurate than our previous dilepton asymmetry measurement [4], +0.03 ± 0.10 ± 0.03, and supplants it. It is in good agreement with our recent measurement [5] of the B^0 – B̄^0 mixing asymmetry via partial hadronic reconstruction, +0.017 ± 0.070 ± 0.014, and statistically independent of it. We take a weighted average of the two measurements, divide the result by 4, and obtain Re(ϵ_B) 1 + |ϵ_B|^2

= +0.0035 ± 0.0103 ± 0.0015 .

This result is more accurate than CDF’s [6] (+0.025 ± 0.062 ± 0.032, assuming ϵ_{Bs} = 0), of comparable accuracy to OPAL’s [7] (+0.002 ± 0.007 ± 0.003, assuming ϵ_{Bs} = 0), and a result from ALEPH recently submitted for publication [9]. Furthermore, our result is independent of any assumptions about B_s. It is consistent with zero, and with the Standard Model predictions, but lacks the statistical accuracy to see asymmetries as small as those predictions. The technique of combining dilepton and single lepton asymmetries to reduce systematic errors will be appropriate for the large data samples soon to be available at B factories.

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, the Research Corporation, the Natural Sciences and Engineering Research Council of Canada, the Swiss National Science Foundation, the Texas Advanced Research Program, and the Alexander von Humboldt Stiftung.

REFERENCES

[1] E.H. Thorndike, Ann. Rev. Nucl. Part. Sci. 35, 195 (1985).

[2] T. Altomari, L. Wolfenstein, and J.D. Bjorken, Phys. Rev. D 37, 1860 (1988); A. Acuto and D. Cocolicchio, Phys. Rev. D 47, 3945 (1993).

[3] J. Liu and L. Wolfenstein, Phys. Lett. B 197, 536 (1987); J. Gerard and T. Nakada, Phys. Lett. B 261, 474 (1991); D. Cocolicchio and L. Maiani, Phys. Lett. B 291, 155 (1992).

[4] J. Bartelt et al. (CLEO Collaboration), Phys. Rev. Lett. 71, 1680 (1993). [5] B.H. Behrens et al. (CLEO Collaboration), Phys. Lett. B 490, 36 (2000). [6] F. Abe et al. (CDF Collaboration), Phys. Rev. D 55, 2546 (1997). [7] K. Ackerstaff et al. (OPAL Collaboration), Z. Phys. C 76, 401 (1997). [8] G. Abbiendi et al. (OPAL Collaboration), Eur. Phys. J. C 12, 609 (1999). [9] R. Barate et al. (ALEPH Collaboration), Submitted to Eur. Phys. J. (CERN-EP/2000- 105).

[10] Y. Kubota et al., (CLEO Collaboration), Nucl. Instrum. Methods Phys. Res., Sect. A 320, 66 (1992).

[11] T. Hill, Nucl. Instrum. Methods Phys. Res., Sect. A 418, 32 (1998). [12] J.P. Alexander et al. (CLEO Collaboration), Phys. Rev. Lett. to be published (CLNS 00/1670, hep-ex/0006002).

[13] D.E. Groom et al., Eur. Phys. J. C 15, 1 (2000).

Sample ++ Yield −− Yield Like-sign Asymmetry Opposite-sign Yield μμ 286 ± 19 286 ± 19 +0.000 ± 0.046 4395 ± 78 ee 205 ± 17 175 ± 16 +0.079 ± 0.062 3255 ± 64 μe 500 ± 25 505 ± 25 −0.004 ± 0.035 7713 ± 92 μe^′ 163 ± 16 126 ± 15 +0.128 ± 0.078 2147 ± 49 ee^′ 103 ± 19 112 ± 20 −0.042 ± 0.128 1797 ± 59

TABLE I. Yields and asymmetries for dilepton candidates, after subtraction of scaled off-resonance yields.

Sample + Yield − Yield Asymmetry μ 246274 ± 801 246447 ± 784 −0.0004 ± 0.0023 e 210624 ± 678 208609 ± 683 +0.0048 ± 0.0023 e^′ 53766 ± 435 53731 ± 440 +0.0003 ± 0.0058

TABLE II. Yields and asymmetries for single lepton candidates, after subtraction of scaled off-resonance yields.