CLNS 07/2016 CLEO 07-20

Absolute Measurement of Hadronic Branching Fractions of the D^+_s Meson

J. P. Alexander,^1 K. Berkelman,^1 D. G. Cassel,^1 J. E. Duboscq,^1 R. Ehrlich,^1 L. Fields,^1 L. Gibbons,^1 R. Gray,^1 S. W. Gray,^1 D. L. Hartill,^1 B. K. Heltsley,^1 D. Hertz,^1 C. D. Jones,^1 J. Kandaswamy,^1 D. L. Kreinick,^1 V. E. Kuznetsov,^1 H. Mahlke-Krüger,^1 D. Mohapatra,^1 P. U. E. Onyisi,^1 J. R. Patterson,^1 D. Peterson,^1 D. Riley,^1 A. Ryd,^1 A. J. Sadoff,^1 X. Shi,^1 S. Stroiney,^1 W. M. Sun,^1 T. Wilksen,^1 S. B. Athar,^2 R. Patel,^2 J. Yelton,^2 P. Rubin,^3 B. I. Eisenstein,^4 I. Karliner,^4 S. Mehrabyan,^4 N. Lowrey,^4 M. Selen,^4 E. J. White,^4 J. Wiss,^4 R. E. Mitchell,^5 M. R. Shepherd,^5 D. Besson,^6 T. K. Pedlar,^7 D. Cronin-Hennessy,^8 K. Y. Gao,^8 J. Hietala,^8 Y. Kubota,^8 T. Klein,^8 B. W. Lang,^8 R. Poling,^8 A. W. Scott,^8 P. Zweber,^8 S. Dobbs,^9 Z. Metreveli,^9 K. K. Seth,^9 A. Tomaradze,^9 J. Libby,^{10} A. Powell,^{10} G. Wilkinson,^{10} K. M. Ecklund,^{11} W. Love,^{12} V. Savinov,^{12} A. Lopez,^{13} H. Mendez,^{13} J. Ramirez,^{13} J. Y. Ge,^{14} D. H. Miller,^{14} B. Sanghi,^{14} I. P. J. Shipsey,^{14} B. Xin,^{14} G. S. Adams,^{15} M. Anderson,^{15} J. P. Cummings,^{15} I. Danko,^{15} D. Hu,^{15} B. Moziak,^{15} J. Napolitano,^{15} Q. He,^{16} J. Insler,^{16} H. Muramatsu,^{16} C. S. Park,^{16} E. H. Thorndike,^{16} F. Yang,^{16} M. Artuso,^{17} S. Blusk,^{17} S. Khalil,^{17} J. Li,^{17} R. Mountain,^{17} S. Nisar,^{17} K. Randrianarivony,^{17} N. Sultana,^{17} T. Skwarnicki,^{17} S. Stone,^{17} J. C. Wang,^{17} L. M. Zhang,^{17} G. Bonvicini,^{18} D. Cinabro,^{18} M. Dubrovin,^{18} A. Lincoln,^{18} J. Rademacker,^{19} D. M. Asner,^{20} K. W. Edwards,^{20} P. Naik,^{20} R. A. Briere,^{21} T. Ferguson,^{21} G. Tatishvili,^{21} H. Vogel,^{21} M. E. Watkins,^{21} and J. L. Rosner^{22}

(CLEO Collaboration) 1Cornell University, Ithaca, New York 14853, USA 2University of Florida, Gainesville, Florida 32611, USA 3George Mason University, Fairfax, Virginia 22030, USA 4University of Illinois, Urbana-Champaign, Illinois 61801, USA 5Indiana University, Bloomington, Indiana 47405, USA 6University of Kansas, Lawrence, Kansas 66045, USA 7Luther College, Decorah, Iowa 52101, USA 8University of Minnesota, Minneapolis, Minnesota 55455, USA 9Northwestern University, Evanston, Illinois 60208, USA 10University of Oxford, Oxford OX1 3RH, UK 11State University of New York at Buffalo, Buffalo, New York 14260, USA 12University of Pittsburgh, Pittsburgh, Pennsylvania 15260, USA 13University of Puerto Rico, Mayaguez, Puerto Rico 00681 14Purdue University, West Lafayette, Indiana 47907, USA 15Rensselaer Polytechnic Institute, Troy, New York 12180, USA 16University of Rochester, Rochester, New York 14627, USA 17Syracuse University, Syracuse, New York 13244, USA 18Wayne State University, Detroit, Michigan 48202, USA 19University of Bristol, Bristol BS8 1TL, UK 20Carleton University, Ottawa, Ontario, Canada K1S 5B6 21Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA 22Enrico Fermi Institute, University of Chicago, Chicago, Illinois 60637, USA (Dated: December 30, 2007)

Abstract

The branching fractions of D^±_s meson decays serve to normalize many measurements of processes involving charm quarks. Using 298 pb^{−1} of e^+e^− collisions recorded at a center of mass energy of 4.17 GeV, we determine absolute branching fractions for eight D^±_s decays with a double tag technique. In particular we determine the branching fraction B(D^+_s → K^−K^+π^+) = (5.50 ± 0.23 ± 0.16)%, where the uncertainties are statistical and systematic respectively. We also provide partial branching fractions for kinematic subsets of the K^−K^+π^+ decay mode.

Uncertainties in the decay probabilities (branching fractions) of the D^+_s meson to various detectable final states significantly impact the precision of a diverse array of measurements, including tests of the Standard Model prediction of the coupling of the Z^0 boson to charm quarks, measurements of B meson properties such as B^0_s mixing parameters, tests of light quark SU(3) symmetry in the D system, and tests of lattice gauge theory in leptonic D^+_s decays. Any rate measurement where a D^+_s meson is an intermediate step in a decay chain demands that the relevant normalizing branching fractions be known precisely to reduce systematic uncertainties. Most D^+_s branching fractions are presently obtained by combining measurements of ratios with a single absolute branching fraction of one decay mode, thus introducing strong correlations and compounding uncertainties. In this Letter we present the first simultaneous high-statistics determination of multiple D^+_s absolute branching fractions, using a technique with significantly different systematic uncertainties from previous branching fraction measurements, which results in precision better than current world averages by a factor of two. The eight decays considered in this analysis are D^+_s → K^0_S K^+, K^− K^+π^+, K^− K^+π^+π^0, K^0_S K^−π^+π^+, π^+π^+π^−, π^+η, π^+η^′, and K^+π^+π^−. Except where noted, mention of a decay implies the charge conjugate process as well.

The most precise measurements of absolute D_s branching fractions are currently obtained using partial reconstruction techniques to obtain the total number of D_s mesons produced, either from B → D^{(∗)}D^{(∗)+}_{s(J)} decays [1, 2] or from e^+e^− → D^{∗±}_s D^∓_{s1}(2536) events [3]. References [1] and [2] quote results for the resonant decay D^+_s → ϕπ^+, while Ref. [3] measures B(D^+_s → K^−K^+π^+).

Here we employ a technique pioneered by the MARK III collaboration for measuring D^0 and D^+ branching fractions [4, 5] and used extensively by CLEO-c, which exploits a feature of nearthreshold production of charmed mesons. Below the D_sDK threshold of 4.33 GeV, production of a D^±_s meson in a charm- and strangeness-conserving process requires the existence of a D^∓_s meson elsewhere in the event (possibly with additional photons or pions). Events where at least one D_s candidate is reconstructed (“single tag” or ST events) thus provide a sample with a known number of D_s events. Absolute branching fractions can then be obtained by finding events with two reconstructed D_s candidates (“double tag” or DT events). In this analysis, yields for charge-conjugate ST modes are considered separately, but charge-conjugate branching fractions are assumed to be equal, ignoring the possibility of direct CP violation. There are 16 ST yields, corresponding to two charges for each considered D_s decay, and 64 DT yields, one for each pairing of a D^−_s and a D^+_s decay.

This analysis uses (298 ± 3) pb^{−1} of data taken at a center of mass energy of 4.17 GeV. At this energy the dominant D_s production mechanism is the process e^+e^− → D^{∗±}_s D^∓_s with a cross-section of ∼ 1 nb [6]; the D^∗_s then decays to either γD_s or π^0D_s in a ∼ 16 : 1 ratio [7]. The very small rate of e^+e^− → D^+_s D^−_s is not used for this analysis. The transition photon or π^0 is not reconstructed.

To illustrate the method, consider two ST modes, D^+_s → i and D^−_s → j̄, and one DT mode D^+_s → i, D^−_s → j̄. For a given number of produced D_s pairs N_D∗_{s Ds} , branching fractions B_i and B_j, and efficiencies for the ST (ϵ_i and ϵ_{j̄}) and DT (ϵ_{i j̄}) events, we expect to observe the yields

y_i = N_D∗_{s Ds} B_iϵ_i, y_{j̄} = N_D∗_{s Ds} B_jϵ_{j̄}, y_{i j̄} = N_D∗_{s Ds} B_iB_jϵ_{i j̄},

where y_i and y_{j̄} are the ST yields and y_{i j̄} is the DT yield. Using ϵ_i, ϵ_{j̄}, and ϵ_{i j̄} from Monte Carlo simulations, we can solve for the branching fractions and N_D∗_{s Ds} :

B_i = y_{i j̄} y_{j̄} ϵ_{j̄} ϵ_{i j̄} , B_j = y_{i j̄} y_i ϵ_i ϵ_{i j̄} , N_D∗_{s Ds} = y_iy_{j̄} y_{i j̄} ϵ_{i j̄} ϵ_iϵ_{j̄} . In practice, to maximize the statistical power of the analysis, the parameters N_D∗_{s Ds} and B_i are simultaneously optimized using a maximum likelihood fit to the observed yields, where the ST yields use Gaussian likelihood functions and the considerably smaller DT yields use Poisson likelihood functions.

The CLEO-c detector is a modification of the CLEO III detector [8, 9, 10, 11]. The silicon strip vertex detector was replaced by a six layer vertex drift chamber. The charged particle tracking system, consisting of the vertex chamber and a 47-layer central drift chamber, operates in an axial 1 T magnetic field, and provides a momentum resolution σ_p/p ∼ 0.6% at p = 1 GeV/c for tracks traversing every layer. Photons are detected in an electromagnetic calorimeter consisting of 7784 CsI(Tl) crystals, which achieves an energy resolution σ_E/E ∼ 5% at 100 MeV. Two particle identification (PID) systems are used to distinguish charged kaons and pions: the central drift chamber, which provides specific ionization measurements (dE/dx), and, surrounding this chamber, a cylindrical Ring Imaging Cherenkov (RICH) detector. The combined PID system achieves π^± and K^± identification efficiency exceeding 85% with fake rates less than 5% over the kinematic range of interest [12]. The detector response is modeled with a detailed geant-based [13] Monte Carlo simulation, with initial particle trajectories generated by evtgen [14] and final state radiation produced by photos [15]. The initial state radiation spectrum is modeled using cross-sections for D^∗_s D_s production at lower energies determined during a CLEO-c scan of this region [6].

Charged tracks are required to be well-reconstructed and, except for K^0_S daughters, to be consistent with originating at the interaction point. The initial selection requires track momentum > 50 MeV/c. Candidate K^± and π^± tracks are chosen using dE/dx and RICH information, using the same criteria as the CLEO-c D^0/D^+ absolute branching fraction analysis [12]. Charged kaons must have momentum above 125 MeV/c. Neutral kaon candidates are reconstructed in the K^0_S → π^+π^− decay. The two pions have no PID requirements, and a vertex fit is done to allow for the K^0_S flight distance. The pion pair is required to have an invariant mass within 6.3 MeV/c^2 of the nominal K^0_S mass. We form π^0 and η candidates using pairs of isolated electromagnetic showers, keeping combinations within three standard deviations of the nominal masses; for further use a kinematic fit constrains the candidates to the nominal mass. Candidate η^′ mesons are reconstructed by combining η candidates with π^+π^− pairs; the pions are subject to the standard pion PID requirements, and the reconstructed η^′ mass must be within 10 MeV/c^2 of the nominal value.

We identify D_s candidates using their momenta and invariant masses. A candidate may either be the daughter of a D^∗_s (an “indirect” D_s) or be produced in the inital e^+e^− → D^∗_s D_s process (a “direct” D_s). Direct D_s candidates have fixed momentum in the center of mass frame because they are produced in a two-body process; indirect D_s candidates have a momentum distribution smeared around this value due to the extra boost of the D^∗_s → (γ, π^0)D_s decay. We define the recoil mass variable M_{rec} through

M^2_{rec}c^4 ≡ � E_0 − � p^2_{Ds} c^2 + M^2_{Ds} c^4

�_2 − (p_0 − p_{Ds} )^2c^2,

where (E_0, p_0) is the center of mass four-vector, p_{Ds} is the measured D_s momentum, and M_{Ds} is the nominal D_s mass. For direct D_s candidates, M_{rec} peaks at the D^∗_s mass of 2.112 GeV/c^2; for indirect D_s candidates, M_{rec} spreads roughly ±60 MeV/c^2 around this peak. For DT and most ST candidates, we require M_{rec} > 2.051 GeV/c^2; for three ST modes (K^− K^+π^+π^0, π^+π^+π^−, K^+π^+π^−) tighter mode-dependent selections of M_{rec} > (2.099, 2.101, 2.099) GeV/c^2 are applied to reduce background. The M_{rec} requirement eliminates contributions from e^+e^− → D^+_s D^−_s events as those occur in a narrow peak at M_{rec} = M_{Ds} .

The D_s candidates are subject to mode-dependent vetoes to reduce structure in the background invariant mass spectrum, mostly arising from copiously produced D^∗D^∗ events. In all modes except K^0_S K^+ and K^− K^+π^+, all neutral and charged pions, including K^0_S daughters, must have momentum above 100 MeV/c to eliminate the soft pions from D^∗ decays. Reflections are reduced by vetoing candidates where certain daughter combinations are consistent with the D^0 or D^+ masses (for example, the K^− K^+ pair in a K^− K^+π^+ candidate must not be consistent with a Cabibbo-suppressed D^0 decay). To remove contamination from K^0_S decays in the modes π^+π^+π^− and K^+π^+π^−, no π^+π^− combination may have a mass between 475 and 520 MeV/c^2.

For ST yield extraction, every event is allowed to contribute a maximum of one D_s candidate per mode and charge. If there are multiple candidates, the one with M_{rec} closest to M_D∗_s is chosen. An unbinned maximum likelihood fit is then performed on the invariant mass spectrum of the candidates in each mode. The expected signal distribution is obtained from Monte Carlo simulations; in fits to data the D_s mass is allowed to float. Backgrounds are modeled with linear functions for all modes except K^− K^+π^+π^0 and π^+π^+π^−, where quadratic functions are used. The same background shape is used for both charges in a given mode. The reconstructed candidate masses M(D_s) and ST yield fits are shown in Fig. 1. Efficiencies for ST modes range from 5.3% to 51%.

Double tag yields are extracted by defining a signal region in the two-dimensional plane of the two D_s candidate masses, M(D^+_s ) vs. M(D^−_s ). Every event is allowed to contribute at most one DT candidate per possible final state; amongst multiple candidates, the combination with average mass ^M = (M(D^+_s ) + M(D^−_s ))/2 closest to M_{Ds} is chosen. The distribution of M(D^−_s ) versus M(D^+_s ) for all DT candidates, along with the signal and sideband regions, is shown in Fig. 2. Combinatoric background tends to have structure in ^M but be flat in the mass difference ΔM = M(D^+_s ) − M(D^−_s ). Accordingly both signal and sideband regions require | ^M − M_{Ds} | < 12 MeV/c^2. The signal region is |ΔM| < 30 MeV/c^2, while the sideband region is 50 < |ΔM| < 140 MeV/c^2. Efficiencies for DT modes range from 0.3% to 38%.

The D_s decay final states under consideration can often be reached through multiple intermediate resonances; for example, ϕπ^+, K^{∗0}K^+, and f_0(980)π^+ all contribute to the final state K^− K^+π^+. The reconstruction efficiency can depend significantly on which resonances are produced. Knowledge of the relative contributions of these intermediate states is incomplete. We compare invariant mass distributions of pairs of D_s daughters in data and Monte Carlo, and use the resulting information on resonant structures to reweight the assumed intermediate state components. The resulting excursions in the efficiency are taken as systematic uncertainties. Where there is a significant component that cannot be explicitly assigned to any intermediate state, we find the worst-case variations between the dominant components. The uncertainties assigned vary from zero for the two-body final states to 6% for K^− K^+π^+π^0 (where there is a large efficiency difference between the ϕρ and K^{∗0}K^{∗+} intermediate states). We also include uncertainties in the PDG 2007 fit values for

FIG. 1: (Color online) Invariant masses of the D^±_s candidates in data in ST modes. Charge-conjugate modes are combined. The fits for yields are shown as the dashed red lines (background component) and solid blue lines (signal plus background). The total ST yield is (30.9 ± 0.3) × 10^3 events.

B(η → γγ) (0.7%) and B(η^′ → π^+π^−η) (3.1%), and correct for the difference between the PDG fit for B(K^0_S → π^+π^−) and the value used in geant.

Systematic uncertainties for the simulation of track, K^0_S , π^0, and η reconstruction and PID efficiencies are determined using partial versus full reconstruction of events in CLEO-c’s ψ(2S ) and ψ(3770) datasets; the methods are shared with the D^0/D^+ branching fraction analysis [12]. Tracking efficiencies are verified using ψ(3770) → DD events for π^± and K^±, and using ψ(2S ) → π^+π^− J/ψ for π^±. Good agreement is found, and an uncertainty of 0.3% per track is used, correlated among all tracks, with an additional uncertainty of 0.6% per kaon added in quadrature. Systematic effects in the PID efficiency are studied using ψ(3770) → DD events; in general data has slightly

FIG. 2: (Color online) Masses of the D^−_s and D^+_s candidates for all 64 DT modes in data. The rectangles show the signal region (center) and two sideband regions (diagonally offset). There are 1089 events in the signal region and 339 events in the combined sideband regions.

lower efficiency than the simulations and corrections are applied. Because the corrections are momentum-dependent this is also affected by the uncertainty on the intermediate resonant states. The corrections applied range from (−0.2±0.2)% for π^+η to (−3.7±1.4)% for K^− K^+π^+π^0. Neutral kaon efficiencies are verified using DD events and the D^+_s → K^0_S K^+ mode; a systematic uncertainty of 1.9% per K^0_S candidate is used. The π^0 efficiency is checked with ψ(2S ) → π^0π^0 J/ψ decays, and the η efficiency with ψ(2S ) → ηJ/ψ events. In both cases there are discrepancies between data and the simulation, and relative corrections of (−3.9 ± 2.0)% per π^0 and (−5.7 ± 4.0)% per η are applied.

The nominal signal lineshapes used in the ST yield fits are derived from the simulation, and the backgrounds are either linear or quadratic. We determine systematic uncertainties in the yields

TABLE I: Branching fraction results from this analysis, world average branching fractions from the PDG 2007 fit [7], ratios of branching fractions to B(D^+_s → K^−K^+π^+), and charge asymmetries A_{CP}. Uncertainties on CLEO-c measurements are statistical and systematic, respectively.

Mode This Result B (%) PDG 2007 fit B (%) B/B(K^−K^+π^+) A_{CP} (%) K^0_S K^+ 1.49 ± 0.07 ± 0.05 2.2 ± 0.4 0.270 ± 0.009 ± 0.008 +4.9 ± 2.1 ± 0.9 K^−K^+π^+ 5.50 ± 0.23 ± 0.16 5.3 ± 0.8 1 +0.3 ± 1.1 ± 0.8 K^−K^+π^+π^0 5.65 ± 0.29 ± 0.40 — 1.03 ± 0.05 ± 0.08 −5.9 ± 4.2 ± 1.2 K^0_S K^−π^+π^+ 1.64 ± 0.10 ± 0.07 2.7 ± 0.7 0.298 ± 0.014 ± 0.011 −0.7 ± 3.6 ± 1.1 π^+π^+π^− 1.11 ± 0.07 ± 0.04 1.24 ± 0.20 0.202 ± 0.011 ± 0.009 +2.0 ± 4.6 ± 0.7 π^+η 1.58 ± 0.11 ± 0.18 2.16 ± 0.30 0.288 ± 0.018 ± 0.033 −8.2 ± 5.2 ± 0.8 π^+η^′ 3.77 ± 0.25 ± 0.30 4.8 ± 0.6 0.69 ± 0.04 ± 0.06 −5.5 ± 3.7 ± 1.2 K^+π^+π^− 0.69 ± 0.05 ± 0.03 0.67 ± 0.13 0.125 ± 0.009 ± 0.005 +11.2 ± 7.0 ± 0.9

by relaxing each assumption separately: the mass resolution is allowed to vary by an overall scale factor, and the background is parameterized by a second-order polynomial if the nominal fit uses a linear one, or vice versa. The size of the resulting excursions vary from 0.2% (K^− K^+π^+) to 8.6% (K^− K^+π^+π^0) for background shape and 0.1% (K^0_S K^+) to 10.3% (π^+η) for width.

The efficiency for a reconstructed DT event to lie in the signal region depends on the mass resolutions for both candidates. Errors in modeling the resolution will thus cause errors in the DT efficiency which are correlated with the ST signal lineshape uncertainties. To estimate this effect we use the best fit results from the ST width check to determine the changes expected in the DT efficiency. The difference due to each decay mode is taken as a systematic uncertainty competely correlated with the corresponding ST uncertainty. The range of these effects is 0–8%.

In addition, we consider mode-dependent systematic uncertainties arising from our modeling of average D^∗_s D_s event multiplicity and detector noise (0–3%), the final state radiation spectrum generated by photos (0.2–1.2%), and our simulation of initial state radiation (0–0.8%).

Peaking backgrounds in ST events are found to be negligible compared to the size of the background shape uncertainties. Very small crossfeeds (of order 0.5% or less) are expected between various DT modes and are included in the fit; peaking DT backgrounds from other sources mostly arise from D^∗D^∗ reflections and are again found to be negligible.

We have separate yields and efficiencies for D^+_s and D^−_s events, so it is possible to compute asymmetries

A_{CP,i} = y_i/ϵ_i − y¯_i/ϵ¯_i y_i/ϵ_i + y¯_i/ϵ¯_i , which are sensitive to direct CP violation in D_s decays (expected to be very small in the Standard Model). Most systematic uncertainties cancel in this ratio; the ones that remain are due to charge dependence in tracking and PID, and the dependence of the ST yields on the signal lineshape and background parametrization.

The obtained branching fractions, branching ratios, and CP asymmetries are shown in Table I. The values we obtain are consistent with the world averages [7] and significantly more precise than any previous absolute measurements of D_s branching fractions. This is also the first result where all eight modes are measured simultaneously; the PDG fit combines many disparate branching ratio results. No significant CP asymmetries are observed. We additionally obtain the number of D^∗_s D_s events N_D∗_{s Ds} = (2.93 ± 0.14 ± 0.06) × 10^5, which gives σ_D∗_{s Ds} (4.17 GeV) = (0.983 ± 0.046 ±

TABLE II: Partial branching fractions B_{ΔM} for K^−K^+π^+ events with K^−K^+ mass within ΔM MeV/c^2 of the ϕ mass. Uncertainties are statistical and systematic, respectively.

Value This Result B (%) B_5 1.69 ± 0.08 ± 0.06 B_{10} 1.99 ± 0.10 ± 0.05 B_{15} 2.14 ± 0.10 ± 0.05 B_{20} 2.24 ± 0.11 ± 0.06

0.021 ± 0.010) nb; in order, the uncertainties are statistical, systematic due to this measurement, and for the cross-section, systematic due to luminosity measurement [12]. The cross-section is consistent with earlier CLEO-c results obtained via a scan of this energy region [6].

In D^+_s → K^− K^+π^+ events, the K^−K^+ mass distribution near the ϕ peak shows the presence of a significant broad scalar component. Depending on the kinematic requirements used to select a ϕ signal, this contribution can vary from less than 5% to over 10% of the observed yield. This variation exceeds the uncertainty in our measurement of the absolute branching fractions. For this reason, we do not quote a branching fraction for the resonant mode D^+_s → ϕπ^+. We instead provide partial branching fractions B_{ΔM}, which are defined as the branching fraction for K^− K^+π^+ events where the K^− K^+ pair satisfies |M(K^− K^+) − 1019.5 MeV/c^2| < ΔM (MeV/c^2); the values obtained are listed in Table II. When fit by a single Gaussian the M(K^−K^+) resolution is 1.1 MeV/c^2 in this region. The systematic uncertainties quoted for B_{ΔM} include uncertainties due to resolution.

In summary, we have presented the first application of a tagging technique at a center of mass energy of 4.17 GeV to measure eight hadronic D^+_s branching fractions. We measure eight branching fractions of the D^+_s meson to hadronic final states, with precisions exceeding world averages. For the key mode D^+_s → K^− K^+π^+, the statistical and systematic uncertainties are comparable. As the experimental meaning of B(D^+_s → ϕπ^+) is ill-defined at this level of precision, we do not report it. We instead provide partial branching fractions for windows centered on the ϕ mass which do not assume a specific resonant composition of the decay.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the A.P. Sloan Foundation, the National Science Foundation, the U.S. Department of Energy, the Natural Sciences and Engineering Research Council of Canada, and the U.K. Science and Technology Facilities Council.

[1] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 71, 091104 (2005), hep-ex/0502041. [2] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 74, 031103 (2006), hep-ex/0605036. [3] K. Abe et al. (Belle Collaboration), in Proceedings of the 33rd International Conference on High Energy Physics (ICHEP 2006), Moscow, Russia, 26 Jul - 2 Aug 2006, edited by A. Sissakian, G. Kozlov, and E. Kolganova (World Scientific, 2007), hep-ex/0701053.

[4] R. M. Baltrusaitis et al. (MARK III Collaboration), Phys. Rev. Lett. 56, 2140 (1986). [5] J. Adler et al. (MARK III Collaboration), Phys. Rev. Lett. 60, 89 (1988).

[6] B. W. Lang, in Proceedings of CHARM07, Ithaca, NY, August 2007 (unpublished), arxiv:0710.0165. [7] W. M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006), and 2007 partial update for the 2008 edition.

[8] Y. Kubota et al. (CLEO Collaboration), Nucl. Instrum. Meth. A 320, 66 (1992). [9] D. Peterson et al., Nucl. Instrum. Meth. A 478, 142 (2002). [10] M. Artuso et al., Nucl. Instrum. Meth. A 554, 147 (2005), physics/0506132. [11] CLEO-c/CESR-c Taskforces & CLEO-c Collaboration, Cornell LEPP preprint CLNS 01/1742 (2001) (unpublished).

[12] S. Dobbs et al. (CLEO Collaboration) (2007), to be published in Phys. Rev. D, arxiv:0709.3783. [13] R. Brun et al., geant 3.21, CERN Program Library Long Writeup W5013 (1993) (unpublished). [14] D. J. Lange, Nucl. Instrum. Meth. A 462, 152 (2001).

[15] E. Barberio and Z. Was, Comput. Phys. Commun. 79, 291 (1994), we use version 2.0 without interference.