CLEO CONF 98-13 ICHEP98 853

Distribution in q^2 of B^0 ! D�^+ℓ�ν Via Partial Reconstruction

CLEO Collaboration

Abstract

We have studied the form factors for the decay of B^0 ! D^{∗+}ℓ^−ν through the method of partial reconstruction in 3.13 fb^{−1} of data corresponding to 3.35 million B^0’s collected at the Υ(4S) resonance by the CLEO II detector. Using an extended maximum likelihood fit, we have measured the slope of the form factor ρ̂^2. We find ρ̂^2 = 0.54 � 0.05 � 0.10 � 0.02 where the first error is statistical, the second error is due to systematics of our measurement, and the third error arises from correlated experimental errors on R_1 and R_2.

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

1State University of New York at Albany, Albany, New York 12222 2Ohio State University, Columbus, Ohio 43210 3University of Oklahoma, Norman, Oklahoma 73019 4Purdue University, West Lafayette, Indiana 47907 5University of Rochester, Rochester, New York 14627 6Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 7Southern Methodist University, Dallas, Texas 75275

∗Permanent address: Yonsei University, Seoul 120-749, Korea.

†Permanent address: University of Texas, Austin TX 78712.

8Syracuse University, Syracuse, New York 13244 9Vanderbilt University, Nashville, Tennessee 37235 10Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 11Wayne State University, Detroit, Michigan 48202 12California Institute of Technology, Pasadena, California 91125 13University of California, San Diego, La Jolla, California 92093 14University of California, Santa Barbara, California 93106 15University of Colorado, Boulder, Colorado 80309-0390 16Cornell University, Ithaca, New York 14853 17University of Florida, Gainesville, Florida 32611 18Harvard University, Cambridge, Massachusetts 02138 19University of Hawaii at Manoa, Honolulu, Hawaii 96822 20University of Illinois, Urbana-Champaign, Illinois 61801 21Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 22McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 23Ithaca College, Ithaca, New York 14850 24University of Kansas, Lawrence, Kansas 66045 25University of Minnesota, Minneapolis, Minnesota 55455

There are currently two complementary approaches to the precise determination of V_{cb} where theoretical and experimental progress is being made: inclusive measurements of the lepton spectrum in b → cℓν, and the measurement of the hadronic form factor B^0 → D^{∗+}ℓν. Since some of the key inputs that are used to control the theoretical uncertainties remain to be verified experimentally, agreement between the two methods provides a powerful consistency check. Measurement of the B^0 → D^{∗+}ℓν form factor at the zero recoil point currently provides the determination of V_{cb} with the least theoretical error. In general, the form factor cannot be calculated in a model independent way. However, within the framework of Heavy Quark Effective Theory (HQET), the form factor can be calculated at the zero recoil point with controllable theoretical uncertainties. In this paper we present a high statistics measurement of the slope of the hadronic form factor in B^0 → D^{∗+}ℓν using the partial reconstruction method. The method uses only the slow π^+ in the decay D^{∗+}→D^0π^+ to reconstruct the D^{∗+}. This process has been analyzed previously at CLEO II using the identified leptons and D^∗’s reconstructed through the channel D^{∗+} → D^0π^+, D^0 → K^−π^+ or K^−π^+π^0 [1,2].

The differential decay rate for B^0 → D^{∗+}ℓ^−ν in terms of the couplings and helicity amplitudes H_±(q^2) and H_0(q^2) is discussed in [1]. The helicity amplitudes can be written in terms of the two axial vector and one vector form factors A_1(q^2), A_2(q^2), and V (q^2), which can all be expressed in the heavy quark symmetry limit in terms of the single (Isgur- Wise) function ξ(w) where w ≡ (M^2 + m^2 − q^2)/(2Mm). The form factors are usually parametrized to accommodate departures from the heavy quark limit in a transparent way through three functions, h_{A1} (w), R_1(w), and R_2(w), such that h_{A1} (w) → ξ(w), R_1(w) → 1, and R_2(w) → 1 in the limit of heavy quark symmetry. The function h_{A1} (w) is considered to be sufficiently slowly varying over the allowed range of w that it is often expressed in a linear form: h_{A1} (w) = h_{A1} (1)[1 − ρ^2_{A1} (w − 1)]. R_1 and R_2 are usually assumed to be constant as a function of w. [3].

It is straightforward to obtain the differential decay rate with implicit dependences on q^2 (the momentum transfer to the lepton):

dΓ(B^0 → D^{∗+}ℓ^−ν) dw = G^2_F |V_{cb}|^2m^3M^2 48π^3 h^2_{A1} (1) × √ w^2 − 1(1 − ρ^2_{A1} (w − 1))^2(w + 1)

×{2[(w + 1) + (w − 1)R^2_1](1 + r^2 − 2rw) + (w + 1)[1 − r − (w − 1)(R_2 − 1)]^2} (1)

where M is the mass of the B^0 meson, m is the mass of the D^{∗+} meson, and r ≡ m/M. The ratios R_1 and R_2 are predicted by HQET as well as by various models, while ρ^2_{A1} , which requires a specific wavefunction, is predicted by models but not by HQET.

If one takes the values R_1 = 1 = R_2 predicted in the heavy quark symmetry limit and retains the linear form of h_{A1} (w), one has only one “slope” parameter, ρ^2_{A1} → ρ̂^2, and one coefficient, h_{A1} (1) → F(1), so equation (1) becomes

dΓ(B^0 → D^{∗+}ℓ^−ν) dw = G^2_F |V_{cb}|^2m^3M^2

48π^3

|F(1)|^2 × √ w^2 − 1(1 − ρ̂^2(w − 1))^2(w + 1)

×{4w(1 + r^2 − 2rw) + (w + 1)[1 − r]^2}. (2)

Using the CLEO II dataset, we analyze the decay B^0 → D^{∗+}ℓ^−ν through the method of partial reconstruction. This approach yields a large sample of B^0→D^{∗+}ℓ^−ν̄ (D^{∗+} → D^0π^+) candidates by exploiting the extremely low Q value of the D^{∗+} decay. Candidates are identified through detection of only two particles, the lepton and the π^+ produced in the D^{∗+} decay. The number of decays which are reconstructed via partial reconstruction exceeds by a factor of 20 the number obtained where the D^∗ is fully reconstructed. In this analysis we measure the distribution in q^2.

The CLEO II detector [4] accumulated data from 1989 to 1995. The dataset consists of integrated luminosities of 3.13 fb^{−1} on the Υ(4S) resonance and 1.61 fb^{−1} taken at a centerof-mass energy which is lower by 60 MeV (continuum). This corresponds to 3.35 million BB events. The CLEO II detector accurately measures both charged and neutral particles over the majority of the 4π solid angle. Three concentric cylindrical wire chambers, in a 1.5 Tesla magnetic field, cover 94% of the solid angle and provide a total momentum resolution of^{Δp}_p ≃ 0.6% for p = 2.0 GeV/c. A CsI electromagnetic calorimeter covers 98% of the solid angle and provides excellent resolution for the reconstruction of photons and π^0s. The calorimeter energy resolution is ΔE/E(%) = 0.35/E^{3/4} + 1.9 − 0.1E, where E is in GeV, which corresponds to 4% at 0.1 GeV. To account for changes in the track reconstruction algorithm, in particular the change to the soft particle reconstruction efficiencies, we analyze earlier data (D1: ≃1fb^{−1}), and later data (D2: ≃2fb^{−1}) samples separately.

All events considered pass the standard CLEO hadronic criteria, which require at least 3 well-reconstructed charged tracks, a total visible energy of at least 0.15 times the CM energy and an event vertex consistent with the known interaction point. The requirement on the number of charged tracks is further restricted to be at least five in the present analysis. In order to remove e^+e^− → qq continuum contributions, the ratio of the second to zeroth Fox- Wolfram moments [5] is required to be less than 0.25. In addition, we make two moderate event requirements designed to insure an adequate measurement of the missing neutrino momentum vector, p_{miss}, using the missing momentum of the whole event by rejecting those events with obvious missing particle(s) other than the neutrino of interest. The requirements are: there is only one lepton in the event (an additional lepton implies the existence of another neutrino), and the absolute value of the net charge of the event must be less than or equal to one.

Electrons with momentum between 1.0 GeV/c and 2.4 GeV/c are identified by requiring that the ratio of the energy deposited in the CsI calorimeter and the momentum measured in the tracking system be close to unity and that the ionization energy loss measured by the tracking system be consistent with the electron hypothesis. The ratio of the log of the likelihood for the electron hypothesis to that for a hadron is required to be greater than or equal to 3. Electrons within the fiducial volume in this momentum range are identified with an efficiency of 94% while the probability that a charged hadron will be misidentified (fake rate) is (0.20 ± 0.06)%. Muons with momentum between 1.4 GeV/c and 2.4 GeV/c are identified by their ability to penetrate five nuclear interaction lengths of iron. Muons of this momentum are identified with an efficiency of 93%, while the fake rate is (1.4 ± 0.2)% per charged hadron. We require the electrons and muons to be found in the well understood central region of the detector (| cos θ| ≤ 0.71, where θ is the polar angle measured with respect to the beam axis) and they must also be consistent with coming from the primary vertex.

Pions must have momentum less than 0.2 GeV/c. The pion candidate must have specific ionization in the drift chamber consistent with the pion hypothesis, and satisfy good tracking requirements. These cuts place an effective minimum momentum cut of 0.05 GeV/c on the pion.

The momentum of the D^∗ candidates of interest is typically 1.5-2 GeV/c. Due to the small Q value of the D^∗ decay, their direction is very well represented by that of the daughter pion. The magnitude of the D^∗ energy and momentum ( ~E_D� , ~p_D� ) can be estimated by scaling the pion energy and momentum: E_D� ≃^{Eπ}_{ECMπ} M_D� ≡ ~E_D� p_D� ≃ p̂_π × √ ~E^2_D� − M^2_D� ≡ ~p_D� ,

where E_π is the π^+ energy, E^{CM}_π = 145 MeV is the energy of the π^+ in the D^∗ rest frame, and M_D� is the mass of the D^{∗+}.

This information is combined with the 4-momentum of the oppositely charged lepton candidate to obtain the squared missing mass recoiling against the D^∗ℓ pair in a B decay,

~M^2_{miss} ≡ (Ebeam − ~E_D� − E_ℓ)^2 − (~p_D� + p_ℓ)^2,

where the energy of the B is the beam energy and we approximate the momentum of the B to be zero. We find a peak in the ~M^2_{miss} distribution near ~M^2_{miss} = 0 that is due to the decay B^0 → D^{∗+}ℓ^−ν as well as decays of the type B^0 → D^{∗+}Xℓν, where X is one or more pions. This can be seen in Figure 1.

For each candidate, we use the pion and lepton four momentum vectors to determine an estimate of q^2 which we label as ~q^2. We consider a large number of D^∗, B, and neutrino momenta which are kinematically consistent with the lepton and pion momenta. We arrive at a value, ~q^2, by taking the phase space average of the q^2 values over the allowed combinations. In addition, we also calculate the mean value of the neutrino momentum, p_ν . This method is estimated to have an average resolution on q^2 of 1.4 GeV^2. Because the calculation requires that the candidate be consistent with B^0 → D^{∗+}ℓ^−ν, those for which ~q^2 is defined will necessarily have ~M^2_{miss} near the signal region.

In addition to calculating ~q^2 and p_ν for candidates which are consistent with B^0→D^{∗+}ℓ^−ν̄ ( ~M^2_{miss} ≥ −2.0 (GeV/c^2)^2), we also calculate Δp_{ν||} ≡ p̂_ν · (p_ν − p_{miss}) δp_ν , where δp_ν is the “resolution” on the numerator of this quantity. The quantity Δp_{ν||} is the projected difference between the neutrino momentum inferred from the lepton-pion pair and that obtained from missing momentum. Our final sample requires that the value of ~q^2 be in the physical range (0-10.688 (GeV/c^2)^2) and that Δp_{ν||} < 0. The Δp_{ν||} < 0 cut is made as the background is concentrated at positive values as can be seen in Figure 2.

Background sources in this analysis include: continuum (e^+e^− → qq), “fake” leptons, “correlated” events, and “uncorrelated” events. The continuum contribution is estimated using data collected at an energy below the resonance, corrected for the difference in the luminosity of the on and off resonance samples, and the energy dependence of the cross section. The background contribution where the lepton is a misidentified hadron (“fake”) is evaluated by reanalyzing the data using tracks which pass all requirements except the lepton

FIG. 1. Continuum- and fake-subtracted ~M^2_{miss} distributions in data for opposite-sign pion-lepton candidates (solid histogram). The dashed histogram shows the uncorrelated background estimated via Monte Carlo simulation.

FIG. 2. Distributions in the variable Δp_{ν||} after all other cuts for a) D^∗eν Monte Carlo, b) D^{∗∗}eν Monte Carlo, c) uncorrelated background from miscellaneous BB events, and d) data.

TABLE I. Evaluation of reconstructed decays for candidates passing all requirements. Data sets D1 and D2 are tabulated separately. The values of ρ̂^2 are found from the fits to the data.

Source D1 e D2 e D1 μ D2 μ 4S 5366 � 73 9176 � 96 3124 � 56 5756 � 76 continuum 279 � 25 478 � 29 82 � 14 129 � 15 fake lepton 9 � 2 14 � 8 11 � 4 18 � 6 correlated BG 226 � 79 392 � 136 100 � 34 183 � 67 uncorrelated BG 1975 � 23 3328 � 32 1200 � 24 2043 � 24 net D^∗ℓν 2877 � 113 4964 � 172 1731 � 71 3383 � 105 ρ̂2 0.57 � 0.10 0.56 � 0.08 0.30 � 0.16 0.58 � 0.10

identification criteria combined with the hadron misidentification probability. “Correlated” background is defined to be decays of the type B^0 → D^{∗+}Xℓν. The “correlated” background is dominated by “D^{∗∗}”ℓ^−ν decays and is estimated via Monte Carlo simulation. The “uncorrelated” background is composed of events with a real lepton and a random pion. If the pion and lepton are from the same B decay, it is still called “uncorrelated” as long as the pion is not from a D^∗ decay. The “uncorrelated” background is estimated via Monte Carlo simulation, using the “control region” (−20.0 < ~M^2_{miss} < −4.0 GeV^2) to evaluate the appropriate scaling factor. We obtain the scaling factors as a function of slow pion momentum as it is related to q^2. Table I gives the event yields and background contributions for each data sample.

The fitting procedure compares the measured distributions of ~q^2 with distributions for simulated data generated with known parameters. We use an unbinned extended maximum likelihood technique [1,6] implemented with a numerical method pioneered by Schmidt et al. [7]. In order to determine the efficiency as a function of ~q^2 the likelihood fit integrates over the nonuniform acceptance of the decay angles. For this acceptance integral we assume nominal values of R_1 and R_2 even though the q^2 distribution is parameterized using Equation (2) which assumes R_1 = 1 = R_2.

We report as the principal result the values found where we set R_1 and R_2 in the acceptance integral to the central values found from the previous CLEO form factor analysis. [1] They found R_1 = 1.18 ± 0.30 ± 0.12 and R_2 = 0.71 ± 0.22 ± 0.07, where the first error is statistical and the second error is systematic. To find the central value, we take the statistically weighted average over electron and muon candidates for datasets D1 and D2 to obtain

ρ̂2 = 0.54 ± 0.05 ± 0.10 ± 0.02.

Here the first error is statistical, the second is the systematic error as discussed below, and the third error is due to the experimental uncertainties in R_1 and R_2. Table I gives the fit results for each of the four datasets. The distributions of ~q^2/q^2_{max} for the background subtracted data together with the results of the fit are shown in Figure 3.

To explore the uncertainties in the values of R_1 and R_2 as used when integrating over decay angles, we repeated the analysis after changing the values of R_1 and R_2 within the errors quoted in [1] including the correlation between them. To determine the resulting systematic errors, we use the maximum excursion found in the result (0.02) as R_1 and R_2

FIG. 3. The background subtracted ~q^2/q^2_{max} distributions of data (points with error bars) and the fitter result (solid line) for a) dataset D1 electrons, b) dataset D1 muons, c) dataset D2 electrons, and d) dataset D2 muons.

TABLE II. Systematic errors on ρ̂^2.

ERROR TYPE SIZE Background 0.09 Acceptance 0.04 Miscellaneous 0.01 TOTAL ERROR 0.10

are varied along this error ellipse. If one constrains R_1 = 1 = R_2 as other experiments have done, we find ρ̂^2 = 0.58.

The identified sources of systematic variation and their effects on ρ̂^2 are summarized in Table II. To evaluate the uncertainty in each case the relevant contributions are modified and the fit is run again. The shift in the fitted value is taken to be the uncertainty. The errors can be broken down into three types: background, acceptance, and miscellaneous. The total systematic error, which is obtained by adding the individual errors in quadrature, is 0.10 which is dominated by two error sources. The first is from the uncorrelated background and the second is from the lack of knowledge on the decays of the type D^∗Xℓν, i.e. the correlated background.

To obtain the background systematic error the errors of each of the four background sources discussed below are added in quadrature. The continuum and fake lepton background contributions are found by varying the amounts of each by their statistical error. For the error on correlated background, we combine the error from the determination of D^{∗∗} branching ratios [8,9] with an error that accounts for the differing q^2 distributions between the resonant and non-resonant components. Error sources in the uncorrelated background estimates include: statistics of MC and control region data, possible q^2 shape inaccuracy of Monte Carlo due to mismodelling, and possible acceptance effects of the Monte Carlo. The determination of the size of this error is based on the comparison of wrong sign (same sign pion-lepton pairs) data and Monte Carlo.

The most significant acceptance systematic errors result from the ability of the Monte Carlo to simulate reliably highly curved tracks, and from the measurement errors on missing energy-momentum and their effect on the Δp_{ν||} cut. An embedding technique is used to determine the uncertainty in the single track efficiency, and the efficiency is varied accordingly in the MC to estimate the systematic error. The distribution in Δp_{ν||} may be affected by the proportion of undetected neutral hadrons in events as well as uncertanties in tracking efficiency. To obtain this systematic error contribution, we account for the following possible effects: the rate of K_L production, variation of tracking efficiency, the fraction of secondary leptons among candidates, and the fraction of event energy carried by the K_L. Errors found from modelling the lepton and its momentum cut are found to have a negligible effect on the acceptance.

Other miscellaneous systematic errors given in Table II come from the limited statistics of the MC sample and the fitting technique we use.

In conclusion, we have measured the the slope ρ̂^2 in the q^2 distribution of the decay B^0 → D^{∗+}ℓ^−ν at the Υ(4S) resonance using a partial reconstruction method. Setting R_1 = 1.18

TABLE III. Previously published results.

Experiment ρ̂^2 This result 0.54 � 0.05 � 0.10 CLEO II [2] 0.84 � 0.12 � 0.08 OPAL [10] 0.55 � 0.24 � 0.05 ALEPH [11] 0.31 � 0.17 � 0.08 DELPHI [12] 0.81 � 0.16 � 0.10 ARGUS [13] 1.08 � 0.11 � 0.03

and R_2 = 0.71 for the acceptance integral,

ρ̂2 = 0.54 ± 0.05 ± 0.10 ± 0.02,

where the first error is statistical, the second systematic, and the third due to uncertainties in the values of R_1 and R_2.

We compare our results for ρ̂^2 to previously published ones in Table III. We believe all the results listed in this table have assumed that R_1 = 1.0 and R_2 = 1.0. If we fix R_1 and R_2 to these values in our fit, the value of ρ̂^2 changes to 0.58. Although the measured values of ρ̂^2 span a large range, we are consistent with the average. This measurement is essentially statistically independent of the two previous measurements from CLEO II which used the D^∗ full-reconstruction method. The CLEO II measurement of ρ̂^2 reported in Table III was determined from examining only the q^2 distribution [2] and differs from this result by 2σ. The CLEO II full form factor analysis [1] performed a fit which simultaneously determined R_1 = 1.18 ± 0.30 ± 0.12, R_2 = 0.71 ± 0.22 ± 0.07, and ρ^2_{A1} = 0.91 ± 0.15 ± 0.06, where the measured value of R_2 is marginally consistent with 1.0. In order to compare to the slope ρ^2_{A1}, we perform fits using the parameterization of Equation (1). We map out a surface for the central value of ρ^2_{A1} in the R_1-R_2 parameter space. This is shown in Figure 4. . For the particular values R_1 = 1.18 and R_2 = 0.71, we find ρ^2_{A1} = 0.77 ± 0.04 ± 0.09 which is consistent with the CLEO II full form factor result.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. J.R. Patterson, and I.P.J. Shipsey thank the NYI program of the NSF, M. Selen thanks the PFF program of the NSF, M. Selen and H. Yamamoto thank the OJI program of DOE, J.R. Patterson, K. Honscheid, M. Selen, and V. Sharma thank the A.P. Sloan Foundation, M. Selen thanks Research Corporation, S. von Dombrowski thanks the Swiss National Science Foundation, and H. Schwarthoff thanks the Alexander von Humboldt Stiftung for support. This work was supported by the National Science Foundation, the U.S. Department of Energy, and the Natural Sciences and Engineering Research Council of Canada.

FIG. 4. The central values found for ρ^2_{A1} as a function of the values of R_1 and R_2 fixed in the fit.

REFERENCES

[1] J.E. Duboscq it et al. (CLEO), Phys. Rev. Lett. 76, 3898 (1996). [2] B. Barish et al., (CLEO) Phys. Rev. D51, 1014 (1995).

[3] M. Neubert, Los Alamos Preprint hep-ph/9505238, (same as CERN-TH/95-107), May 1995.

[4] Y. Kubota et al., Nucl. Intr. and Meth. A320, 66 (1992). [5] G.C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978). [6] R. Barlow, Nucl. Instrum. Meth. A297, 496 (1990).

[7] D.M. Schmidt, R.M. Morrison, and M. Witherell, Nucl. Instr. and Meth. A328, 547 (1993); D.M. Schmidt, Ph. D. Thesis, UCSB (1992).

[8] “Review of Particle Physics,” Phys. Rev. D54, 1 (1996).

[9] A. Anastassov et al., (CLEO) CLNS 97/1501 to be published in Phys. Rev. Lett.. [10] K. Ackerstaff et al. (OPAL), Phys. Lett. B395, 128 (1997). [11] D. Buskulic et al. (ALEPH), Phys. Lett. B395, 373 (1997). [12] P. Abreu et al. (DELPHI), Z. Phys. C71, 539 (1996). [13] H. Albrecht et al. (ARGUS), Z. Phys. C57, 533 (1993).

[14] M. Neubert, Phys. Lett. B338, 84 (1994); M.E. Luke, Phys. Lett. B252, 447 (1990);

A.F. Falk and M. Neubert, Phys. Rev. D47, 2965 and 2982 (1993); M. Shifman, N.G. Uraltsev, and A. Vainshtein, Phys. Rev. D51, 2217 (1995); C. Czarnecki, Phys. Rev. Lett. 76, 4124 (1996).