CLNS 01/1767 CLEO 01-23

Improved Measurement of |V_{ub}| with Inclusive Semileptonic B Decays

A. Bornheim,^1 E. Lipeles,^1 S. P. Pappas,^1 A. Shapiro,^1 W. M. Sun,^1 A. J. Weinstein,^1 G. Masek,^2 H. P. Paar,^2 R. Mahapatra,^3 R. J. Morrison,^3 R. A. Briere,^4 G. P. Chen,^4 T. Ferguson,^4 G. Tatishvili,^4 H. Vogel,^4 N. E. Adam,^5 J. P. Alexander,^5 C. Bebek,^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 L. Gibbons,^5 B. Gittelman,^5 S. W. Gray,^5 D. L. Hartill,^5 B. K. Heltsley,^5 L. Hsu,^5 C. D. Jones,^5 J. Kandaswamy,^5 D. L. Kreinick,^5 A. Magerkurth,^5 H. Mahlke-Krüger,^5 T. O. Meyer,^5 N. B. Mistry,^5 E. Nordberg,^5 M. Palmer,^5 J. R. Patterson,^5 D. Peterson,^5 J. Pivarski,^5 D. Riley,^5 A. J. Sadoff,^5 H. Schwarthoff,^5 M. R. Shepherd,^5 J. G. Thayer,^5 D. Urner,^5 B. Valant-Spaight,^5 G. Viehhauser,^5 A. Warburton,^5 M. Weinberger,^5 S. B. Athar,^6 P. Avery,^6 C. Prescott,^6 H. Stoeck,^6 J. Yelton,^6 G. Brandenburg,^7 A. Ershov,^7 D. Y.-J. Kim,^7 R. Wilson,^7 K. Benslama,^8 B. I. Eisenstein,^8 J. Ernst,^8 G. D. Gollin,^8 R. M. Hans,^8 I. Karliner,^8 N. Lowrey,^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. Ammar,^{10} D. Besson,^{10} X. Zhao,^{10} S. Anderson,^{11} V. V. Frolov,^{11} Y. Kubota,^{11} S. J. Lee,^{11} S. Z. Li,^{11} R. Poling,^{11} A. Smith,^{11} C. J. Stepaniak,^{11} J. Urheim,^{11} S. Ahmed,^{12} M. S. Alam,^{12} L. Jian,^{12} M. Saleem,^{12} F. Wappler,^{12} E. Eckhart,^{13} K. K. Gan,^{13} C. Gwon,^{13} T. Hart,^{13} K. Honscheid,^{13} D. Hufnagel,^{13} H. Kagan,^{13} R. Kass,^{13} T. K. Pedlar,^{13} J. B. Thayer,^{13} E. von Toerne,^{13} T. Wilksen,^{13} M. M. Zoeller,^{13} S. J. Richichi,^{14} H. Severini,^{14} P. Skubic,^{14} S.A. Dytman,^{15} S. Nam,^{15} V. Savinov,^{15} S. Chen,^{16} J. W. Hinson,^{16} J. Lee,^{16} D. H. Miller,^{16} V. Pavlunin,^{16} E. I. Shibata,^{16} I. P. J. Shipsey,^{16} D. Cronin-Hennessy,^{17} A.L. Lyon,^{17} C. S. Park,^{17} W. Park,^{17} E. H. Thorndike,^{17} T. E. Coan,^{18} Y. S. Gao,^{18} F. Liu,^{18} Y. Maravin,^{18} I. Narsky,^{18} R. Stroynowski,^{18} J. Ye,^{18} M. Artuso,^{19} C. Boulahouache,^{19} K. Bukin,^{19} E. Dambasuren,^{19} R. Mountain,^{19} T. Skwarnicki,^{19} S. Stone,^{19} J.C. Wang,^{19} A. H. Mahmood,^{20} S. E. Csorna,^{21} I. Danko,^{21} Z. Xu,^{21} G. Bonvicini,^{22} D. Cinabro,^{22} M. Dubrovin,^{22} and S. McGee^{22}

(CLEO Collaboration) 1California Institute of Technology, Pasadena, California 91125 2University of California, San Diego, La Jolla, California 92093 3University of California, Santa Barbara, California 93106 4Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 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 Institute of Particle Physics, Canada M5S 1A7 10University of Kansas, Lawrence, Kansas 66045 11University of Minnesota, Minneapolis, Minnesota 55455 12State University of New York at Albany, Albany, New York 12222 13Ohio State University, Columbus, Ohio 43210 14University of Oklahoma, Norman, Oklahoma 73019

15University of Pittsburgh, Pittsburgh, Pennsylvania 15260 16Purdue University, West Lafayette, Indiana 47907 17University of Rochester, Rochester, New York 14627 18Southern Methodist University, Dallas, Texas 75275 19Syracuse University, Syracuse, New York 13244 20University of Texas - Pan American, Edinburg, Texas 78539 21Vanderbilt University, Nashville, Tennessee 37235 22Wayne State University, Detroit, Michigan 48202 (Dated: February 7, 2002)

Abstract

We report a new measurement of the CKM parameter |V_{ub}| made with a sample of 9.7 million BB̄ events collected with the CLEO II detector. Using Heavy Quark theory, we combine the observed yield of leptons from semileptonic B decay in the end-point momentum interval 2.2 − 2.6 GeV/c with recent CLEO II data on B → X_sγ to find |V_{ub}| = (4.08 ± 0.34 ± 0.44 ± 0.16 ± 0.24) × 10^{−3}, where the first two uncertainties are experimental and the last two are from theory.

Measurement of the Cabibbo-Kobayashi-Maskawa matrix element V_{ub} is one of the most challenging and important tasks in testing the Standard Model. This direct measurement of one side of the unitarity triangle gives information that is complementary to studies of CP violation in B decays. Semileptonic B decays are a direct route to |V_{ub}| and |V_{cb}|. Measurements of lepton production above the kinematic limit for B → X_cℓν provided the discovery of nonzero |V_{ub}| [1, 2] and a measurement of its value [3] that was controversial due to its heavy reliance on theoretical models.

In this paper we report an improved inclusive measurement of B → X_uℓν made with the CLEO II detector at the Cornell Electron Storage Ring (CESR). This measurement supersedes that of Ref. [3], which was based on the first tenth of our data sample. Improved background-suppression techniques help to reduce the model dependence of the result. We have also measured B → X_uℓν over a broader momentum range than was previously possible, further helping to reduce theoretical uncertainty, but incurring experimental uncertainty because of the large B → X_cℓν subtraction. We use the momentum range 2.2 − 2.6 GeV/c as a compromise between these considerations, and present other intervals to probe the stability of our result and to compare with past measurements. For extracting |V_{ub}|, models have been replaced with Heavy Quark (HQ) theory [4–10] and the CLEO-measured B → X_sγ photon-energy spectrum [11]. These improvements result in a determination of |V_{ub}| with overall uncertainty that is smaller and more reliably estimated than previous measurements.

The CLEO II detector has been described in detail [12]. Key components for this work are the tracking system, the cesium iodide calorimeter, and the muon detector. Two thirds of our data were collected after a detector upgrade that included a silicon tracker [13], a change of drift-chamber gas from argon-ethane to helium-propane, and other improvements. We obtained an integrated luminosity of 9.13 fb^{−1} of e^+e^− annihilation data at the Υ(4S) resonance (ON) and 4.35 fb^{−1} at energies just below BB̄ threshold (OFF). OFF yields are scaled by a factor of 2.06±0.02 and subtracted from the ON yields to eliminate contributions of non-BB̄ processes. We determine the scale factor by comparing ON and OFF track spectra above the B-decay kinematic limit, and confirm the result with measured luminosities. The ON sample includes 9.7 million BB̄ events.

We select electron and muon candidates in the central region of CLEO II (| cos θ| ≤ 0.71, where θ is the angle with respect to the beam). An electron candidate must have an energy deposit in the calorimeter close in value to its measured momentum and a specific ionization consistent with that expected for an electron. The efficiency of electron selection is slightly momentum-dependent, with a value of 0.93±0.03 at 2.2 GeV/c. Muons must penetrate seven nuclear interaction lengths of absorber material. The threshold momentum is ∼ 1.8 GeV/c and the efficiency is 0.88 ± 0.03 at 2.2 GeV/c. Misidentification rates are measured for tagged π^±, K^±, and p/p̄ tracks and averaged in proportions determined with simulated BB̄ events. The electron and muon fake rates above 2.0 GeV/c are less than 0.1% and about 0.5%, respectively.

We use several cuts to minimize mismeasurements and background from sources other than semileptonic decays. We veto any lepton that can be paired with another lepton of the same type and opposite charge if the pair mass is within three standard deviations of the J/ψ mass. Electrons from photon conversions are also rejected. Stringent requirements on tracking residuals, impact parameter, and the fraction of tracking layers traversed that have good hits ensure a reliable momentum measurement. The momentum-dependent trackselection efficiency is determined with a GEANT simulation [14] of signal events. Real and simulated radiative Bhabha electrons embedded in hadronic events are used to determine a correction factor accounting for the imperfect simulation. The track-selection efficiency for B → X_uℓν is ∼ 0.95, with a 3% uncertainty.

Although most leptons at the Υ(4S) are from semileptonic B decays, continuum production contributes a large background at high momentum that can be subtracted with OFF data. To avoid degrading the precision of our B → X_uℓν measurement, we use several criteria to suppress the continuum before subtraction. Beam-gas, beam-wall, and some QED events are eliminated by cuts on visible energy and the event vertex. A multiplicity cut suppresses τ^+τ^−. Particles above the B-decay kinematic limit indicate continuum production or mismeasurement, so we eliminate events having a track or shower with an energy above 3.5 GeV. Two-photon and QED processes are suppressed by cutting events with missing momentum near the beam.

TABLE I: Lepton yields and backgrounds in the momentum interval 2.2 − 2.6 GeV/c.

e μ Sum N_{ON} 4110 4857 8967 N_{OF F} 410 573 983 Excess 3265 ± 77 ± 8 3673 ± 85 ± 12 6938 ± 115 ± 20 Fakes 15 ± 6 ± 4 194 ± 13 ± 58 209 ± 19 ± 58 J/ψ 68 ± 4 ± 7 90 ± 5 ± 9 158 ± 6 ± 16 Other Backgrounds 40 ± 8 ± 10 67 ± 6 ± 18 107 ± 10 ± 29 B → X_cℓν 2147 ± 23 ± 116 2415 ± 24 ± 130 4562 ± 33 ± 246 B → X_uℓν 995 ± 81 ± 117 906 ± 106 ± 133 1901 ± 122 ± 256

The continuum background remaining after this selection is primarily e^+e^− → cc̄. In our previous analysis [3], cuts on event-shape variables and missing momentum used the kinematics of B → X_uℓν to suppress the continuum by a factor of 70, with a signal efficiency of ∼ 0.38. The efficiency depended strongly on q^2 (the squared mass of the virtual W ), and thus contributed to the model dependence of the result. The goal of this analysis is to achieve comparable suppression with reduced model dependence. This requires cuts that exploit the presence of the “other B” in signal events rather than the details of B → X_uℓν. We use a neural net with inputs that are measurements of the energy flowing into eleven angular intervals defined with respect to the candidate-lepton direction. We exclude energy within 25^∘ of the direction opposite to the lepton, where there is strong dependence on the q^2 of the decay. The net was trained with a simulated signal sample generated with the ISGW2 model [15] and a simulated background sample of continuum e^+e^− → qq̄. Optimized for expected signal level, the neural net gives background rejection of a factor of 50 and signal efficiency of 0.33.

The total efficiency for selecting leptons from B → X_uℓν (∼ 0.21) shows a small momentum dependence over the range 2.0 − 2.6 GeV/c. The uncertainty is about 7%, with roughly equal contributions from detector response and model uncertainties. We assess the latter by considering several models: ISGW2, the ACCMM spectator model [16, 17] with various values of internal parameters, and a hybrid of these developed by CLEO. Our current procedures have less than one third of the model-to-model variation of the previous analysis and essentially no dependence on the mass of the hadronic system X_u.

The computation of the B → X_uℓν signal for the momentum interval 2.2 − 2.6 GeV/c is shown in Table I. The spectrum of lepton candidates from BB̄ events is obtained by subtracting the scaled OFF momentum distribution from the ON distribution. It includes B → X_uℓν and several B-decay backgrounds. Hadrons misidentified as leptons (fakes) are computed by combining the momentum-dependent misidentification probabilities with the spectrum of hadrons from BB̄ that pass all selection requirements except for lepton identification. Leakage through the J/ψ and photon-conversion vetoes is estimated with Monte Carlo normalized to data, with systematic errors of 10% and 25%, respectively. Several other backgrounds are also estimated by Monte Carlo and are assigned conservative systematic errors: ψ(2S) leptonic decays (±25%), semileptonic and leptonic decays of D and D_s (±50%), semileptonic decays to τ (±25%), and π^0 Dalitz decays (±100%).

The largest background to B → X_uℓν for momenta below 2.4 GeV/c is B → X_cℓν. We calculate this by fitting the lepton spectra between 1.5 GeV/c and the low end of the end-point interval. Fit functions are generated with Monte Carlo simulations using models and CLEO-measured form factors [18, 19]. QED radiative corrections are applied with the PHOTOS algorithm [20]. Spectra generated in the B rest frame are boosted to the lab frame using the B-momentum distribution of our data. There are four components in the fits: a mixture of D and D^∗ with the ratio given by exclusive branching fractions [21]; a mixture of decays to D^{∗∗} and other higher-mass charmed mesons (ISGW2); nonresonant decays (model of Goity and Roberts [22]); and B → X_uℓν (ISGW2 normalized to the end-point yield of Ref. [3]).

The proportions for the B → X_cℓν components are determined by fits to the electron spectrum without the neural-net cut, because the momentum acceptance is larger and has less uncertainty than that for the muons. The resulting fit has a χ^2 of 14.9 for 11 degrees of freedom. The muons are then fitted to the same mixture, with one parameter to allow for a difference in the e/μ efficiency ratio between Monte Carlo and data. The electron and muon spectra with the neural-net cut applied are then fitted to the same mixtures, with one parameter allowing for mis-modeling of the neural-net efficiency. These fits provide the B → X_cℓν subtractions in Table I.

We assess the uncertainty in the B → X_cℓν subtraction by varying inputs, including the D/D^∗ ratio, the form factors for B → D/D^∗ℓν, the relative D^{∗∗} and nonresonant normalizations, the radiative corrections, the B-momentum scale, the normalization and models for B → X_uℓν, and the fit intervals. The overall uncertainty in the subtraction is the sum in quadrature of the observed variations. The largest is due to form factors.

Fig. 1(a) shows the ON and scaled OFF momentum spectra. Fig. 1(b) shows the background-subtracted and efficiency-corrected spectrum for B → X_uℓν. Statistical and systematic uncertainties have been combined in quadrature. Below 2.3 GeV/c, the B → X_cℓν subtraction dominates the uncertainties, which are strongly correlated from bin to bin. The partial branching fraction for B → X_uℓν (ℓ = e or μ) in a given momentum interval is ΔB_u(p) = N_ℓ(p)/[2N_B¯_B ϵ(p)], where N_ℓ is half of the total yield of e’s and μ’s, ϵ(p) is the efficiency, and N_B¯_B = (9.67 ± 0.17) × 10^6 is the number of BB̄ events. Results are given in Table II for five different end-point momentum intervals. They are in good agreement with our previous measurement [3].

To determine the charmless semileptonic branching fraction B(B → X_uℓν) from the partial branching fraction ΔB_u(p), we need to know the true fraction f_u(p) of the B → X_uℓν spectrum that falls in the given momentum interval. Parton-level decays can be reliably calculated, but the observable meson-decay processes depend on the mass of the b quark and its motion inside the B meson. These properties have been described in recent years with HQ theory [4–10]. A light-cone shape function can be convoluted with the parton-

FIG. 1: (a) Lepton spectra for ON (points) and scaled OFF (shaded histogram). The unshaded histogram is the sum of the scaled OFF and B-decay backgrounds. (b) Background-subtracted efficiency-corrected lepton spectrum for B → X_uℓν (points). The histogram is the B → X_uℓν spectrum predicted with the measured B → X_sγ spectrum.

TABLE II: Results for five momentum intervals. Uncertainties on yields, f_u, and branching fractions are statistical and systematic. The first uncertainty on the total branching fraction is from the measurement of ΔB_u(p) and the second is from f_u. The first two uncertainties on |V_{ub}| are from the branching fraction and the third and fourth are from theory.

p (GeV/c) Yield ΔB_u(p)(10^{−4} ) f_u B(B → X_uℓν) (10^{−3} ) |V_{ub}|(10^{−3} ) 2.0-2.6 3538 ± 279 ± 1470 4.22 ± 0.33 ± 1.78 0.266 ± 0.041 ± 0.024 1.59 ± 0.68 ± 0.28 3.87 ± 0.83 ± 0.35 ± 0.15 ± 0.12 2.1-2.6 2751 ± 191 ± 584 3.28 ± 0.23 ± 0.73 0.198 ± 0.035 ± 0.020 1.66 ± 0.39 ± 0.34 3.95 ± 0.46 ± 0.40 ± 0.16 ± 0.16 2.2-2.6 1901 ± 122 ± 256 2.30 ± 0.15 ± 0.35 0.130 ± 0.024 ± 0.015 1.77 ± 0.29 ± 0.38 4.08 ± 0.34 ± 0.44 ± 0.16 ± 0.24 2.3-2.6 1152 ± 80 ± 61 1.43 ± 0.10 ± 0.13 0.074 ± 0.014 ± 0.009 1.94 ± 0.22 ± 0.43 4.27 ± 0.24 ± 0.47 ± 0.17 ± 0.34 2.4-2.6 499 ± 57 ± 14 0.64 ± 0.07 ± 0.05 0.037 ± 0.007 ± 0.003 1.74 ± 0.24 ± 0.38 4.05 ± 0.28 ± 0.45 ± 0.16 ± 0.45

level b → uℓν to obtain the spectrum for B → X_uℓν. The shape function depends on nonperturbative QCD and has not yet been calculated from first principles. To leading order, the same shape function describes all b-to-light transitions, in particular also relating B → X_sγ to b → sγ. We have recently measured the photon-energy spectrum in B → X_sγ [11]. Three twoparameter descriptions of the shape function [7, 8] are used to fit this spectrum over the range 1.5 < E_γ < 2.8 GeV. All shape functions give good fits. We use the best-fit parameters and error ellipses to calculate the B → X_uℓν lepton-momentum spectra and determine f_u and its uncertainty, following Ref. [9]. We compute the effect of QED radiative corrections on f_u with PHOTOS. The resulting values of f_u are given in Table II. The systematic uncertainty includes contributions from the subtraction of B-decay processes other than B → X_sγ, the choice of scale for evaluating α_s, radiative corrections, and differences among the shape functions.

We extract |V_{ub}| by averaging the nearly identical formulations of Hoang et al. [23] and

Uraltsev [24]:

|V_{ub}| = (3.07 ± 0.12) × 10^{−3} × [ B(B → X_ueν) 0.001

1.6 ps τ_B ] 1_2 . For the B lifetime we use τ_B = 1.60 ± 0.02 ps [21]. Results for |V_{ub}| (Table II) show excellent agreement among the five momentum ranges. The best overall precision (15%) is obtained for the 2.2 − 2.6 GeV/c interval. The first uncertainty is from the measurement of ΔB_u(p) (combined statistical and systematic). The second is the combined uncertainty in the determination of f_u from B → X_sγ. The third is the average of the uncertainties given in Refs. [23, 24] for the extraction of |V_{ub}| from the branching fraction. The fourth is the theoretical uncertainty associated with the assumption that B → X_sγ can be used to compute the spectrum for B → X_uℓν. This is valid to leading order, with corrections at order Λ_{QCD}/M_B . Taking Λ_{QCD}/M_B ≈ 0.1, we estimate this error by varying the shape function parameters by ±10% [25]. Uncertainty due to the theoretical assumption of quark-hadron duality remains unquantifiable.

For comparison, we also determine f_u with models of B → X_uℓν. Available exclusive models are limited in the final states included, while inclusive models have uncertain internal parameters. Neither type provides a solid basis for assessing the theoretical uncertainty. For ISGW2 and ACCMM (spectator mass m_{sp}=150 MeV/c^2, Fermi momentum p_F =300 MeV/c), we find |V_{ub}| in the 2.2 − 2.6 GeV/c interval to be 20% smaller than the result given above. Replacing the default ACCMM parameters (chosen for consistency with past analyses) with values obtained by fitting the B → X_sγ spectrum to a spectator parameterization [26] gives better agreement. The parameter values are m_{sp} ≃230 MeV/c^2 and p_F ≃440 MeV/c, leading to a |V_{ub}| that is ∼5% smaller than our result.

In conclusion, we have measured the CKM parameter |V_{ub}| to be (4.08 ± 0.63) × 10^{−3}. This result has smaller overall uncertainty than previous measurements and represents a major step forward, both in the quality of the experimental data and in the use of QCD theory rather than phenomenological models.

We gratefully acknowledge the efforts of the CESR staff in providing our excellent data sample. We thank A. Falk, A. Kagan, A. Leibovich, M. Luke, M. Neubert, I. Rothstein, M. Shifman, A. Vainshtein, and M. Voloshin for useful correspondences and discussions. This work was supported by the National Science Foundation, the U.S. Department of Energy, the Research Corporation, and the Texas Advanced Research Program.

[1] R. Fulton et al. (CLEO), Phys. Rev. Lett. 64, 16 (1990). [2] H. Albrecht et al. (ARGUS), Phys. Lett. B 249, 359 (1990). [3] J. Bartelt et al. (CLEO), Phys. Rev. Lett. 71, 4111 (1993). [4] M. Neubert, Phys. Rev. D 49, 3392 (1994), hep-ph/9311325. [5] M. Neubert, Phys. Rev. D 49, 4623 (1994), hep-ph/9312311.

[6] I. I. Y. Bigi, M. A. Shifman, N. G. Uraltsev, and A. I. Vainshtein, Int. J. Mod. Phys. A 9, 2467 (1994), hep-ph/9312359.

[7] I. I. Y. Bigi, M. A. Shifman, N. Uraltsev, and A. I. Vainshtein, Phys. Lett. B 328, 431 (1994), hep-ph/9402225.

[8] A. L. Kagan and M. Neubert, Eur. Phys. J. C 7, 5 (1999), hep-ph/9805303. [9] F. De Fazio and M. Neubert, JHEP 06, 017 (1999), hep-ph/9905351.

[10] A. K. Leibovich, I. Low, and I. Z. Rothstein, Phys. Rev. D 61, 053006 (2000), hep-ph/9909404. [11] S. Chen et al. (CLEO), Phys. Rev. Lett. 87, 251807 (2001), hep-ex/0108032. [12] Y. Kubota et al. (CLEO), Nucl. Instrum. Meth. A 320, 66 (1992). [13] T. S. Hill, Nucl. Instrum. Meth. A 418, 32 (1998). [14] R. Brun et al., Geant 3.15 (1987), CERN Report No. DD/EE/84-1. [15] D. Scora and N. Isgur, Phys. Rev. D 52, 2783 (1995), hep-ph/9503486. [16] G. Altarelli, N. Cabibbo, G. Corbo, L. Maiani, and G. Martinelli, Nucl. Phys. B208, 365 (1982).

[17] M. Artuso, Phys. Lett. B 311, 307 (1993).

[18] J. E. Duboscq et al. (CLEO), Phys. Rev. Lett. 76, 3898 (1996). [19] M. Athanas et al. (CLEO), Phys. Rev. Lett. 79, 2208 (1997), hep-ex/9705019. [20] E. Barberio and Z. Wa̧s, Comput. Phys. Commun. 79, 291 (1994). [21] D. E. Groom et al. (Particle Data Group), Eur. Phys. J. C 15, 1 (2000). [22] J. L. Goity and W. Roberts, Phys. Rev. D 51, 3459 (1995), hep-ph/9406236. [23] A. H. Hoang, Z. Ligeti, and A. V. Manohar, Phys. Rev. D 59, 074017 (1999), hep-ph/9811239. [24] N. Uraltsev, Int. J. Mod. Phys. A 14, 4641 (1999), hep-ph/9905520. [25] M. Neubert, private communication.

[26] A. Ali and C. Greub, Phys. Lett. B 361, 146 (1995), hep-ph/9506374.