CLNS 05-1915 CLEO 05-07

Absolute Branching Fraction Measurements of Exclusive D^+ Semileptonic Decays

G. S. Huang,^1 D. H. Miller,^1 V. Pavlunin,^1 B. Sanghi,^1 I. P. J. Shipsey,^1 G. S. Adams,^2 M. Chasse,^2 M. Cravey,^2 J. P. Cummings,^2 I. Danko,^2 J. Napolitano,^2 Q. He,^3 H. Muramatsu,^3 C. S. Park,^3 W. Park,^3 E. H. Thorndike,^3 T. E. Coan,^4 Y. S. Gao,^4 F. Liu,^4 M. Artuso,^5 C. Boulahouache,^5 S. Blusk,^5 J. Butt,^5 E. Dambasuren,^5 O. Dorjkhaidav,^5 J. Li,^5 N. Menaa,^5 R. Mountain,^5 R. Nandakumar,^5 K. Randrianarivony,^5 R. Redjimi,^5 R. Sia,^5 T. Skwarnicki,^5 S. Stone,^5 J. C. Wang,^5 K. Zhang,^5 S. E. Csorna,^6 G. Bonvicini,^7 D. Cinabro,^7 M. Dubrovin,^7 R. A. Briere,^8 G. P. Chen,^8 J. Chen,^8 T. Ferguson,^8 G. Tatishvili,^8 H. Vogel,^8 M. E. Watkins,^8 J. L. Rosner,^9 N. E. Adam,^{10} J. P. Alexander,^{10} K. Berkelman,^{10} D. G. Cassel,^{10} V. Crede,^{10} J. E. Duboscq,^{10} K. M. Ecklund,^{10} R. Ehrlich,^{10} L. Fields,^{10} L. Gibbons,^{10} B. Gittelman,^{10} R. Gray,^{10} S. W. Gray,^{10} D. L. Hartill,^{10} B. K. Heltsley,^{10} D. Hertz,^{10} L. Hsu,^{10} C. D. Jones,^{10} J. Kandaswamy,^{10} D. L. Kreinick,^{10} V. E. Kuznetsov,^{10} H. Mahlke-Krüger,^{10} T. O. Meyer,^{10} P. U. E. Onyisi,^{10} J. R. Patterson,^{10} D. Peterson,^{10} E. A. Phillips,^{10} J. Pivarski,^{10} D. Riley,^{10} A. Ryd,^{10} A. J. Sadoff,^{10} H. Schwarthoff,^{10} X. Shi,^{10} M. R. Shepherd,^{10} S. Stroiney,^{10} W. M. Sun,^{10} D. Urner,^{10} K. M. Weaver,^{10} T. Wilksen,^{10} M. Weinberger,^{10} S. B. Athar,^{11} P. Avery,^{11} L. Breva-Newell,^{11} R. Patel,^{11} V. Potlia,^{11} H. Stoeck,^{11} J. Yelton,^{11} P. Rubin,^{12} C. Cawlfield,^{13} B. I. Eisenstein,^{13} G. D. Gollin,^{13} I. Karliner,^{13} D. Kim,^{13} N. Lowrey,^{13} P. Naik,^{13} C. Sedlack,^{13} M. Selen,^{13} J. Williams,^{13} J. Wiss,^{13} K. W. Edwards,^{14} D. Besson,^{15} T. K. Pedlar,^{16} D. Cronin-Hennessy,^{17} K. Y. Gao,^{17} D. T. Gong,^{17} J. Hietala,^{17} Y. Kubota,^{17} T. Klein,^{17} B. W. Lang,^{17} S. Z. Li,^{17} R. Poling,^{17} A. W. Scott,^{17} A. Smith,^{17} S. Dobbs,^{18} Z. Metreveli,^{18} K. K. Seth,^{18} A. Tomaradze,^{18} P. Zweber,^{18} J. Ernst,^{19} A. H. Mahmood,^{19} H. Severini,^{20} D. M. Asner,^{21} S. A. Dytman,^{21} W. Love,^{21} S. Mehrabyan,^{21} J. A. Mueller,^{21} V. Savinov,^{21} Z. Li,^{22} A. Lopez,^{22} H. Mendez,^{22} and J. Ramirez^{22}

(CLEO Collaboration) 1Purdue University, West Lafayette, Indiana 47907 2Rensselaer Polytechnic Institute, Troy, New York 12180 3University of Rochester, Rochester, New York 14627 4Southern Methodist University, Dallas, Texas 75275 5Syracuse University, Syracuse, New York 13244 6Vanderbilt University, Nashville, Tennessee 37235 7Wayne State University, Detroit, Michigan 48202 8Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 9Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637 10Cornell University, Ithaca, New York 14853 11University of Florida, Gainesville, Florida 32611 12George Mason University, Fairfax, Virginia 22030 13University of Illinois, Urbana-Champaign, Illinois 61801 14Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 15University of Kansas, Lawrence, Kansas 66045

16Luther College, Decorah, Iowa 52101 17University of Minnesota, Minneapolis, Minnesota 55455 18Northwestern University, Evanston, Illinois 60208 19State University of New York at Albany, Albany, New York 12222 20University of Oklahoma, Norman, Oklahoma 73019 21University of Pittsburgh, Pittsburgh, Pennsylvania 15260 22University of Puerto Rico, Mayaguez, Puerto Rico 00681 (Dated: June 23, 2005)

Abstract

Using data collected at the ψ(3770) resonance with the CLEO-c detector at the Cornell e^+e^− storage ring, we present improved measurements of the absolute branching fractions of D^+ decays to K̄^0e^+ν_e, π^0e^+ν_e, K̄^{∗0}e^+ν_e, and ρ^0e^+ν_e, and the first observation and absolute branching fraction measurement of D^+ → ωe^+ν_e. We also report the most precise tests to date of isospin invariance in semileptonic D^0 and D^+ decays.

The quark mixing parameters are fundamental constants of the Standard Model (SM) of particle physics. They determine the nine weak-current quark coupling elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix [1]. The extraction of the quark couplings is difficult because quarks are bound inside hadrons by the strong interaction. Semileptonic decays are the preferred way to determine the CKM matrix elements as the strong interaction binding effects are confined to the hadronic current. They are parameterized by form factors that are calculable, for example, by lattice quantum chromodynamics (LQCD) and QCD sum rules. Nevertheless, form factor uncertainties dominate the precision with which the CKM matrix elements can be determined [2]. In charm quark decays, however, couplings V_{cs} and V_{cd} are tightly constrained by the unitarity of the CKM matrix. Therefore, measurements of charm semileptonic decay rates and form factors rigorously test theoretical predictions.

We report herein measurements with the first CLEO-c data [3] of the absolute branching fractions of D^+ decays to K̄^0e^+ν_e, π^0e^+ν_e, K̄^{∗0}e^+ν_e, and ρ^0e^+ν_e, and the first observation and absolute branching fraction measurement of D^+ → ωe^+ν_e. (Throughout this Letter charge-conjugate modes are implied.) We combine these results with the measurements of D^0 semileptonic branching fractions reported in Ref. [4], which use the same data and analysis technique, and test isospin invariance of the hadronic current in semileptonic decays.

The data were collected by the CLEO-c detector at the ψ(3770) resonance, about 40 MeV above the DD̄ pair production threshold. A description of the CLEO-c detector is provided in Ref. [4] and references therein. The data sample consists of an integrated luminosity of 55.8 pb^{−1} and includes about 0.16 million D^+D^− events.

The technique for these measurements was first applied by the Mark III collaboration [5] at SPEAR. Candidate events are selected by reconstructing a D^−, called a tag, in the following six hadronic final states: K^0_S π^−, K^+π^−π^−, K^0_Sπ^−π^0, K^+π^−π^−π^0, K^0_S π^−π^−π^+, and K^−K^+π^−. The absolute branching fractions of D^+ semileptonic decays are then measured by their reconstruction in the system recoiling from the tag. Tagging a D^− meson in a ψ(3770) decay provides a D^+ with known four-momentum, allowing a semileptonic decay to be reconstructed with no kinematic ambiguity, even though the neutrino is undetected.

Tagged events are selected based on two variables: ΔE ≡ E_D − E_{beam}, the difference between the energy of the D^− tag candidate (E_D) and the beam energy (E_{beam}), and the beam-constrained mass M_{bc} ≡ √ E^2_{beam}/c^4 − |⃗p_D|^2/c^2, where ⃗p_D is the measured momentum of the D^− candidate. Selection criteria for tracks, π^0 and K^0_S candidates for tags are described in Ref. [6]. If multiple candidates are present in the same tag mode, one candidate per tag charge is chosen using ΔE. The yields of the six tag modes are obtained from fits to the M_{bc} distributions. The data sample comprises approximately 32,000 charged tags (Table I).

After a tag is identified, we search for a positron and a set of hadrons recoiling against the tag. (Muons are not used as D semileptonic decays at the ψ(3770) produce low momentum leptons for which the CLEO-c muon identification is not efficient.) Positron candidates, selected with criteria described in Ref. [4], are required to have momentum of at least 200 MeV/c and to satisfy | cos θ| < 0.90, where θ is the angle between the positron direction and the beam axis. The efficiency for positron identification rises from about 50% at 200 MeV/c to 95% just above 300 MeV/c and is roughly constant thereafter. The rates for misidentifying charged pions and kaons as positrons averaged over the momentum range are approximately 0.1%. Bremsstrahlung photons are recovered by the procedure described in Ref. [4].

Hadronic tracks must have momenta above 50 MeV/c and | cos θ| < 0.93. Identification of hadrons is based on measurements of specific ionization (dE/dx) in the main drift chamber

Tag Mode Yield D^− → K^0_S π^− 2243 ± 51 D^− → K^+π^−π^− 15174 ± 128 D^− → K^0_S π^−π^0 5188 ± 100 D^− → K^+π^−π^−π^0 4734 ± 91 D^− → K^0_S π^−π^−π^+ 3281 ± 94 D^− → K^−K^+π^− 1302 ± 44 All Tags 31922 ± 219

TABLE I: Tag yields of the six D^− hadronic modes with statistical uncertainties.

and information from the Ring Imaging Cherenkov Detector (RICH). Pion and kaon candidates are required to have dE/dx measurements within three standard deviations (3.0σ) of the expected value. For tracks with momenta greater than 700 MeV/c, RICH information, if available, is combined with dE/dx. The efficiencies (95% or higher) and misidentification rates (a few per cent) are determined with charged pion and kaon samples from hadronic D decays.

We form π^0 candidates from pairs of photons, each having an energy of at least 30 MeV, and require that the invariant mass of the pair be within 3.0σ (σ ∼ 6 MeV/c^2) of the known π^0 mass. A mass constraint is imposed when π^0 candidates are used in further reconstruction. The K^0_S candidates are formed from pairs of oppositely-charged and vertexconstrained tracks having an invariant mass within 12 MeV/c^2 (∼ 4.5σ) of the known K^0_S mass. We form a K̄^{∗0} (ρ^0) candidate from K^− and π^+ (π^− and π^+) candidates and require an invariant mass within 100 MeV/c^2 (150 MeV/c^2) of its mean value. The reconstruction of ω → π^+π^−π^0 candidates is achieved by combining three pions, requiring an invariant mass within 20 MeV/c^2 of the known mass, and demanding that the charged pions do not satisfy interpretation as a K^0_S.

The tag and the semileptonic decay are then combined, if the event includes no tracks other than those of the tag and the semileptonic candidate. Semileptonic decays are identified using the variable U ≡ E_{miss} − c|⃗p_{miss}|, where E_{miss} and ⃗p_{miss} are the missing energy and momentum of the D meson decaying semileptonically. If the decay products of the semileptonic decay have been correctly identified, U is expected to be zero, since only a neutrino is undetected. The resolution in U is improved using constraints described in Ref. [4]. Due to the finite resolution of the detector, the distribution in U is approximately Gaussian, centered at U = 0 with σ ∼ 10 MeV. (The width varies by mode and is larger for modes with neutral pions.) To remove multiple candidates in each semileptonic mode, one combination is chosen per tag mode, based on the proximity of the invariant masses of the K^0_S , K̄^{∗0}, ρ^0, π^0, or ω candidates to their expected masses.

The yield for each semileptonic mode is determined from a fit to its U distribution, as shown in Fig. 1 with all tag modes combined. In each case the signal is represented by a Gaussian and a Crystal Ball function [7] to account for initial and final state radiation (FSR). The parameters describing the tails of the signal function are fixed with a GEANT-based Monte Carlo (MC) simulation [8]. The background functions are determined by a MC simulation that incorporates all available data on D meson decays. The backgrounds are small and arise mostly from misreconstructed semileptonic decays with correctly reconstructed

FIG. 1: Fits (solid line) to the U distributions in data (dots with error bars) for the five D^+ semileptonic modes: (a) D^+ → K̄^0e^+ν_e, (b) D^+ → K̄^{∗0}e^+ν_e, (c) D^+ → π^0e^+ν_e, (d) D^+ → ρ^0e^+ν_e and (e) D^+ → ωe^+ν_e. The background contribution is the dashed line only visible in (c) and (d). The arrows show the signal region for D^+ → ωe^+ν_e.

tags [9]. The background shape parameters are fixed, while the background normalizations are allowed to float in all fits to the data.

The mode D^+ → ωe^+ν_e has never previously been observed. There are 8 events consistent with D^+ → ωe^+ν_e in Fig. 1 (e). The background in the signal region ([−25; +30] MeV in U) is estimated to be 0.4 ± 0.2 events. The probability for the background of 0.6 events to fluctuate to 8 or more events is 2.4 × 10^{−7}, which corresponds to significance exceeding 5.0σ. Therefore, this is the first observation of D^+ → ωe^+ν_e.

The absolute branching fractions in Table II are determined using B = N_{signal}/ϵN_{tag}, where N_{signal} is the number of fully reconstructed D^+D^− events obtained by fitting the U distribution, N_{tag} is the number of events with a reconstructed tag, and ϵ is the effective efficiency for detecting the semileptonic decay in an event with an identified tag. A MC simulation where the relative population of tag yields across tag modes approximates that in the data is used to determine the efficiency.

We have considered the following sources of systematic uncertainty and give our estimates of their magnitudes in parentheses. The uncertainties associated with the efficiency for finding a track (0.7%), π^0 (2.0% for D^+ → ωe^+ν_e and 4.3% for D^+ → π^0e^+ν_e) and K^0_S (3.0%) are estimated using missing mass techniques with the data [6]. Details on the uncertainties associated with positron identification efficiency (1.0%) are provided in Ref. [4]. Uncertainties in the charged pion and kaon identification efficiencies (0.3% per pion and 1.3% per kaon) are estimated using hadronic D meson decays. The uncertainty in the number of tags (1.1%) is estimated by using alternative signal functions in the fits to the M_{bc} distributions and by varying the end point of the background function [10]. The uncertainty in modeling the

Decay Mode ϵ (%) Yield B (%) B (%) (PDG) D^+ → K̄^0e^+ν_e 57.1 ± 0.4 545 ± 24 8.71 ± 0.38 ± 0.37 6.7 ± 0.9 D^+ → π^0e^+ν_e 45.2 ± 1.0 63.0 ± 8.5 0.44 ± 0.06 ± 0.03 0.31 ± 0.15 D^+ → K̄^{∗0}e^+ν_e 34.8 ± 0.3 422 ± 21 5.56 ± 0.27 ± 0.23 5.5 ± 0.7 D^+ → ρ^0e^+ν_e 40.0 ± 1.1 27.4 ± 5.7 0.21 ± 0.04 ± 0.01 0.25 ± 0.10 D^+ → ωe^+ν_e 16.4 ± 0.6 7.6^{+3.3}_{−2.7} 0.16^{+0.07}_{−0.06} ± 0.01 —

TABLE II: Signal efficiencies, yields, and branching fractions in this work and a comparison to the PDG [12]. The first uncertainty is statistical and the second systematic in the fourth column, and statistical or total in the other columns. The efficiencies do not include subsidiary branching fractions. The D^+ → K̄^{∗0}e^+ν_e yield is reduced by 2.4% in the calculation of the branching fraction (see the text for details).

background shapes in the fits to the U distributions (0.4% to 3.3% by mode) has contributions from the uncertainties in the simulation of the positron and hadron fake rates as well as the input branching fractions in the MC simulation. The uncertainty associated with the requirement that there be no additional tracks in tagged semileptonic events (0.3%) is estimated by comparing fully reconstructed DD̄ events in data and MC. The uncertainty in the semileptonic reconstruction efficiencies due to imperfect knowledge of the semileptonic form factors is estimated by varying the form factors in the MC simulation within their uncertainties (1.0%) for all modes except D^+ → ρ^0e^+ν_e and D^+ → ωe^+ν_e; for these a conservative uncertainty (3.0%) is taken, as no experimental information on the form factors in Cabibbo-suppressed pseudoscalar-to-vector transitions exists. The uncertainty associated with the simulation of FSR and bremsstrahlung radiation in the detector material (0.6%) is estimated by varying the amount of FSR modeled by the PHOTOS algorithm [11] and by repeating the analysis with and without recovery of photons radiated by the positron. The uncertainty associated with the simulation of initial state radiation (e^+e^− → DD̄γ) is negligible. There is a systematic uncertainty due to finite MC statistics (0.7% to 4.0% by mode).

Non-resonant semileptonic decays D^+ → K^−π^+e^+ν_e are background to D^+ → K̄^{∗0}e^+ν_e. There is evidence from the FOCUS experiment for a non-resonant component consistent with an S-wave amplitude interfering with D^+ → K̄^{∗0}e^+ν_e [13]. Its contribution, estimated to be 2.4% in this analysis, is subtracted in the calculation of the branching fraction of D^+ → K̄^{∗0}e^+ν_e [14]. Systematic uncertainties associated with the subtraction are due to imperfect knowledge of the amplitude and phase of the non-resonant component (1.0%), and its effect on the reconstruction efficiency (1.5%) [15]. The lineshapes for semileptonic modes with wide resonances are simulated using a relativistic Breit-Wigner with a Blatt-Weisskopf form factor. A systematic uncertainty associated with the K̄^{∗0} lineshape (1.2%) is assigned by comparing the (K^−π^+) invariant mass distribution in the data to alternative lineshapes and the non-resonant contribution. For D^+ → ρ^0e^+ν_e, there is insufficient data to constrain the non-resonant background or the resonance lineshape. The systematic uncertainties from these two sources are expected to be much smaller than the current statistical uncertainty for this mode, and are neglected.

These estimates of systematic uncertainty are added in quadrature to obtain the total systematic uncertainty (Table II): 4.2%, 5.6%, 4.1%, 6.2%, and 7.8% for D^+ → K̄^0e^+ν_e,

D^+ → π^0e^+ν_e, D^+ → K̄^{∗0}e^+ν_e, D^+ → ρ^0e^+ν_e, and D^+ → ωe^+ν_e, respectively.

We now discuss the results presented in this Letter and the D^0 semileptonic study in Ref. [4]. The measured equality of the inclusive semileptonic widths of D^0 and D^+ mesons demonstrates that the source of the lifetime difference between them is attributable to differences in the hadronic widths. The widths of the isospin conjugate exclusive semileptonic decay modes of the D^0 and D^+ are related by isospin invariance of the hadronic current. The results obtained here and in Ref. [4] allow the most precise tests so far.

The ratio^{Γ(D0→K−e+νe)}

Γ(D^+→K̄^0e^+ν_e) is expected to be unity. The world average value is 1.35±0.19 [12].

Using our results and the lifetimes of the D^0 and D^+ [12], we obtain:^{Γ(D0→K−e+νe)}_{Γ(D+→K̄0e+νe)} = 1.00 ± 0.05(stat) ± 0.04(syst). The result is consistent with unity and with two recent less precise results: a measurement from BES II using the same technique [16] and an indirect measurement from FOCUS [17, 18]. Ratios of isospin conjugate decay widths for other semileptonic decay modes are given in Table III.

Ratio Measured Value Γ(D^0 → K^−e^+ν)/Γ(D^+ → K̄^0e^+ν) 1.00 ± 0.05 ± 0.04 Γ(D^0 → π^−e^+ν)/[2 · Γ(D^+ → π^0e^+ν)] 0.75^{+0.14}_{−0.11} ± 0.04 Γ(D^0 → K^{∗−}e^+ν)/Γ(D^+ → K̄^{∗0}e^+ν) 0.98 ± 0.08 ± 0.04 Γ(D^0 → ρ^−e^+ν)/[2 · Γ(D^+ → ρ^0e^+ν)] 1.2^{+0.4}_{−0.3} ± 0.1

TABLE III: Ratios of semileptonic decay widths of D^0 and D^+ mesons. The uncertainties are statistical and systematic. In each case the ratio is expected to be unity.

As the data are consistent with isospin invariance, the precision of each branching fraction can be improved by averaging the D^0 and D^+ results for isospin conjugate pairs. The isospinaveraged semileptonic decay widths, with correlations among systematic uncertainties taken into account, are given in Table IV.

Decay Mode Γ (10^{−2} · ps^{−1}) D → K e^+ν_e 8.38 ± 0.20 ± 0.23 D^0 → π^−e^+ν_e 0.68 ± 0.05 ± 0.02 D → K^∗ e^+ν_e 5.32 ± 0.21 ± 0.20 D^0 → ρ^−e^+ν_e 0.43 ± 0.06 ± 0.02

TABLE IV: Isospin-averaged semileptonic decay widths with statistical and systematic uncertainties. For Cabibbo-suppressed modes, the isospin average is calculated for the D^0 using Γ(D^0) = 2 · Γ(D^+).

The ratio of decay widths for D → πe^+ν and D → Ke^+ν provides a test of the LQCD charm semileptonic rate ratio prediction [19]. Using the isospin-averaged results in Table IV, we find^{Γ(D0→π−e+ν)}

Γ(D→Ke^+ν) = (8.1 ± 0.7(stat) ± 0.2(syst)) × 10

−2, consistent with LQCD and two recent results [20, 21]. Furthermore, the ratio^{Γ(D→K∗e+ν)}_{Γ(D→Ke+ν)} is predicted to be in the range 0.5 to 1.1 (for a compilation see Ref. [17]). Using the isospin averages in Table IV, we find Γ(D→K^∗e^+ν) Γ(D→Ke^+ν) = 0.63 ± 0.03(stat) ± 0.02(syst).

Finally, summing all CLEO-c exclusive semileptonic branching fractions gives ∑ B(D^0_{excl}) = (6.1 ± 0.2(stat)± 0.2(syst))% and ∑ B(D^+_{excl}) = (15.1 ± 0.5(stat)± 0.5(syst))%.

These are consistent with the world average inclusive semileptonic branching fractions: B(D^0 → e^+X) = (6.9 ± 0.3)% and B(D^+ → e^+X) = (17.2 ± 1.9)% [12], excluding the possibility of additional semileptonic modes of the D^0 and D^+ with large branching fractions.

In summary, we have presented the most precise measurements to date of the absolute branching fractions of D^+ decays to K̄^0e^+ν_e, π^0e^+ν_e, K̄^{∗0}e^+ν_e, and ρ^0e^+ν_e, and the first observation and absolute branching fraction measurement of D^+ → ωe^+ν_e. We have combined these with measurements in Ref. [4], which use the same data and analysis technique, to demonstrate that charm exclusive semileptonic decays are consistent with isospin invariance and to test other theoretical predictions. A comparison of the world average inclusive semileptonic branching fractions to the sum of the semileptonic branching fractions in this work excludes the possibility of additional semileptonic modes with large branching fractions.

The precision achieved in this analysis is consistent with the expected performance of CLEO-c. CESR is currently running to collect a much larger ψ(3770) data sample. It is expected that this sample will result in greatly improved measurements of D^0 and D^+ semileptonic branching fractions, measurements of the decay form factors, which are stringent tests of LQCD, and the CKM matrix elements V_{cs} and V_{cd} [3].

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 and the U.S. Department of Energy.

[1] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).

[2] M. Artuso and E. Barberio, Phys. Lett. B 592, 786 (2004); M. Battaglia and L. Gibbons, Phys. Lett. B 592, 793 (2004).

[3] CLEO-c/CESR-c Taskforces and CLEO Collaboration, Cornell LEPP Preprint CLNS 01/1742 (2001).

[4] CLEO Collaboration, T.E. Coan et al., Cornell LEPP preprint CLNS 05/1906, submitted to Phys. Rev. Lett.

[5] Mark III Collaboration, J. Adler et al., Phys. Rev. Lett. 62, 1821 (1989). [6] CLEO Collaboration, Q. He et al., hep-ex/0504003, submitted to Phys. Rev. Lett. [7] Crystal Ball Collaboration, T. Skwarnicki et al., DESY preprint F31-86-02. [8] R. Brun et al., Geant 3.21, CERN Program Library Long Writeup W5013, unpublished. [9] D^+ → ρ^0e^+ν has a small peaking background contribution from D^+ → ω(π^−π^+)e^+ν that is accounted for in its branching fraction measurement. Non-resonant decays contribute background to semileptonic decays with vector mesons in the final states and are accounted for as discussed below.

[10] ARGUS Collaboration, H. Albrecht et al., Phys. Lett. B 241, 278 (1990). [11] E. Barberio and Z. Was, Comput. Phys. Commun. 79, 291 (1994). [12] Particle Data Group, S. Eidelman et al., Phys. Lett. B 592, 1 (2004). [13] FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 535, 43 (2002); FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 544, 89 (2002); FOCUS Collaboration, J.M. Link et al., hep-ex/0503043.

[14] The yield of D^+ → (K^−π^+)_{non−res.}e^+ν_e measured in bins of the (K^−π^+) invariant mass in the data is consistent with this estimate.

[15] Interference with the S-wave amplitude alters angular distributions in D^+ → K̄^{∗0}e^+ν_e and gives rise to a 1.5% uncertainty in the efficiency.

[16] BES Collaboration, M. Ablikim et al., Phys. Lett. B 608, 24 (2005). [17] FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 598 (2004) 33-41. [18] FOCUS Collaboration measures Γ(D^+ → K̄^{∗0}μ^+ν_μ)/ Γ(D^+ → K̄^0μ^+ν_μ) and Γ(D^+ → K̄∗0μ+ν_μ)/ Γ(D+ → K−π+π+). Using the world average value of B(D+ → K−π+π+) they extract B(D^+ → K̄^0μ^+ν_μ) and find a value much larger than that in the PDG.

[19] C. Aubin et al., Phys. Rev. Lett. 94, 011601 (2005).

[20] CLEO Collaboration, G.S. Huang et al., Phys. Rev. Lett. 94, 011802 (2005). [21] FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 607, 51 (2005).