CLNS 02/1782 CLEO 02 – 05

Observation of the Decay Ω^0_c → Ω^−e^+ν_e

CLEO Collaboration

(June 5, 2002)

Abstract

Using the CLEO detector at the Cornell Electron Storage Ring we have observed the Ω^0_c (css ground state) in the decay Ω^0_c → Ω^−e^+ν_e. We find a signal of 11.4 ± 3.8 (stat) events. The probability that we have observed a background fluctuation is 7.6 × 10^{−5}. We measure B(Ω^0_c → Ω^−e^+ν_e) · σ(e^+e^− → Ω^0_c X) = (42.2 ± 14.1(stat) ± 5.7(syst)) fb and R =^{Γ(Ω0c →Ω−π+)}_{Γ(Ω0c →Ω−eνe)} = 0.41 ± 0.19(stat) ± 0.04(syst). This is the first statistically significant observation of an individual decay mode of the Ω^0_c in e^+e^− annihilation, and the first example of a baryon decaying via β - emission, where no quarks from the first generation participate in the reaction.

R. Ammar,^1 D. Besson,^1 X. Zhao,^1 S. Anderson,^2 V. V. Frolov,^2 Y. Kubota,^2 S. J. Lee,^2 S. Z. Li,^2 R. Poling,^2 A. Smith,^2 C. J. Stepaniak,^2 J. Urheim,^2 S. Ahmed,^3 M. S. Alam,^3 L. Jian,^3 M. Saleem,^3 F. Wappler,^3 E. Eckhart,^4 K. K. Gan,^4 C. Gwon,^4 T. Hart,^4 K. Honscheid,^4 D. Hufnagel,^4 H. Kagan,^4 R. Kass,^4 T. K. Pedlar,^4 J. B. Thayer,^4 E. von Toerne,^4 T. Wilksen,^4 M. M. Zoeller,^4 H. Muramatsu,^5 S. J. Richichi,^5 H. Severini,^5 P. Skubic,^5 S.A. Dytman,^6 S. Nam,^6 V. Savinov,^6 S. Chen,^7 J. W. Hinson,^7 J. Lee,^7 D. H. Miller,^7 V. Pavlunin,^7 E. I. Shibata,^7 I. P. J. Shipsey,^7 D. Cronin-Hennessy,^8 A.L. Lyon,^8 C. S. Park,^8 W. Park,^8 E. H. Thorndike,^8 T. E. Coan,^9 Y. S. Gao,^9 F. Liu,^9 Y. Maravin,^9 I. Narsky,^9 R. Stroynowski,^9 M. Artuso,^{10} C. Boulahouache,^{10} K. Bukin,^{10} E. Dambasuren,^{10} R. Mountain,^{10} T. Skwarnicki,^{10} S. Stone,^{10} J.C. Wang,^{10} A. H. Mahmood,^{11} S. E. Csorna,^{12} I. Danko,^{12} Z. Xu,^{12} G. Bonvicini,^{13} D. Cinabro,^{13} M. Dubrovin,^{13} S. McGee,^{13} A. Bornheim,^{14} E. Lipeles,^{14} S. P. Pappas,^{14} A. Shapiro,^{14} W. M. Sun,^{14} A. J. Weinstein,^{14} G. Masek,^{15} H. P. Paar,^{15} R. Mahapatra,^{16} R. A. Briere,^{17} G. P. Chen,^{17} T. Ferguson,^{17} G. Tatishvili,^{17} H. Vogel,^{17} N. E. Adam,^{18} J. P. Alexander,^{18} K. Berkelman,^{18} F. Blanc,^{18} V. Boisvert,^{18} D. G. Cassel,^{18} P. S. Drell,^{18} J. E. Duboscq,^{18} K. M. Ecklund,^{18} R. Ehrlich,^{18} L. Gibbons,^{18} B. Gittelman,^{18} S. W. Gray,^{18} D. L. Hartill,^{18} B. K. Heltsley,^{18} L. Hsu,^{18} C. D. Jones,^{18} J. Kandaswamy,^{18} D. L. Kreinick,^{18} A. Magerkurth,^{18} H. Mahlke-Krüger,^{18} T. O. Meyer,^{18} N. B. Mistry,^{18} E. Nordberg,^{18} J. R. Patterson,^{18} D. Peterson,^{18} J. Pivarski,^{18} D. Riley,^{18} A. J. Sadoff,^{18} H. Schwarthoff,^{18} M. R. Shepherd,^{18} J. G. Thayer,^{18} D. Urner,^{18} B. Valant-Spaight,^{18} G. Viehhauser,^{18} A. Warburton,^{18} M. Weinberger,^{18} S. B. Athar,^{19} P. Avery,^{19} L. Breva-Newell,^{19} V. Potlia,^{19} H. Stoeck,^{19} J. Yelton,^{19} G. Brandenburg,^{20} A. Ershov,^{20} D. Y.-J. Kim,^{20} R. Wilson,^{20} K. Benslama,^{21} B. I. Eisenstein,^{21} J. Ernst,^{21} G. D. Gollin,^{21} R. M. Hans,^{21} I. Karliner,^{21} N. Lowrey,^{21} M. A. Marsh,^{21} C. Plager,^{21} C. Sedlack,^{21} M. Selen,^{21} J. J. Thaler,^{21} J. Williams,^{21} and K. W. Edwards^{22}

1University of Kansas, Lawrence, Kansas 66045 2University of Minnesota, Minneapolis, Minnesota 55455 3State University of New York at Albany, Albany, New York 12222 4Ohio State University, Columbus, Ohio 43210 5University of Oklahoma, Norman, Oklahoma 73019 6University of Pittsburgh, Pittsburgh, Pennsylvania 15260 7Purdue University, West Lafayette, Indiana 47907 8University of Rochester, Rochester, New York 14627 9Southern Methodist University, Dallas, Texas 75275 10Syracuse University, Syracuse, New York 13244 11University of Texas - Pan American, Edinburg, Texas 78539 12Vanderbilt University, Nashville, Tennessee 37235 13Wayne State University, Detroit, Michigan 48202 14California Institute of Technology, Pasadena, California 91125 15University of California, San Diego, La Jolla, California 92093 16University of California, Santa Barbara, California 93106 17Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 18Cornell University, Ithaca, New York 14853 19University of Florida, Gainesville, Florida 32611

20Harvard University, Cambridge, Massachusetts 02138 21University of Illinois, Urbana-Champaign, Illinois 61801 22Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada M5S 1A7

The transition rate for charm quark semileptonic decays is determined by the Cabibbo- Kobayashi-Maskawa matrix elements |V_{cd}| and |V_{cs}| and heavy quark form factors. Since both |V_{cd}| and |V_{cs}| are known from three generation unitarity, measurements of charm semileptonic decays allow an absolute measurement of the form factors [1].

Within heavy quark effective theory (HQET) [2], Λ-type baryons are more straightforward to treat than mesons as they consist of a heavy quark and a spin and isospin zero light diquark. This simplicity allows for more reliable predictions for heavy quark to light quark transitions [3] than in the case for mesons. For example, the measurement of the form factors in Λ^+_c → Λ^0e^+ν_e aids the future determination of |V_{ub}| and |V_{cb}| using Λ^0_b decays since HQET relates the form factors in Λ^+_c decay to those governing Λ^0_b decays.

However, it is important to test the theoretical treatment of charm baryon semileptonic decays. In this letter we report the first observation of Ω^0_c → Ω^−e^+ν_e. The Ω^0_c (c{ss}) is a J^P = 1/2^+ ground state baryon where {ss} denotes the symmetric nature of its wave function with respect to the interchange of the light-quark spins. As Ω^0_c → Ω^−e^+ν_e is a J^P = 1/2^+ → 3/2^+ transition it is sensitive to additional form factors not present in Λ^+_c → Λ^0e^+ν_e, and so provides new information to test theory [4].

The data sample used in this analysis was collected with CLEO II [5] and the upgraded CLEO II.V [6] detector operating at the Cornell Electron Storage Ring (CESR). The integrated luminosity consists of 13.75 fb^{−1} taken at and just below the Υ(4S) resonance corresponding to approximately 18 million e^+e^− → cc events.

We search for the decay Ω^0_c → Ω^−e^+ν_e in e^+e^− → cc events by detecting an Ω^−e^+ (Right Sign) pair with invariant mass in the range m_Ω− < m_Ω−_e+ < m_Ω0_c [7]. The technique is very similar to that used in previous CLEO analyses of Λ^+_c → Λ^0e^+ν_e, Ξ^0_c → Ξ^−e^+ν_e and Ξ^+_c → Ξ^0e^+ν_e [8–10].

Positrons are identified using a likelihood function which incorporates information from the calorimeter and dE/dx systems. We require the positron to satisfy | cos θ| < 0.71 where θ is the angle between the positron momentum and the beam line. A positron is also required to originate from the primary vertex and have a momentum greater than 0.5 GeV/c. Muons are not used as Ω^0_c → Ω^−l^+ν_l produces predominantly low momentum leptons and the CLEO muon identification system is not efficient below 1 GeV/c.

The Ω^− is reconstructed in the decay Ω^− → Λ^0K^−, Λ^0 → p^+π^−. The analysis procedure for reconstructing these particles closely follows that presented elsewhere [8–12]. Kaon and proton candidates must have specific ionization and time-of-flight measurements consistent with the expected values. Particle identification is not used for pions. The hyperons are required to have vertices well separated from the beam spot, with the flight distance of the secondary Λ^0 greater than that of the Ω^−. The Ω^− is required to originate from the primary vertex of the event. To reduce background in Ω^− reconstruction, kaons and Λ^0’s consistent with originating from the primary vertex are excluded. In order to improve mass resolution in the Ω^− reconstruction the Λ^0 mass constraint is employed.

The Monte Carlo (MC) simulated signal events used in this analysis were generated for the two detector configurations using a GEANT-based [13] simulation and were processed similarly to the data. We take m_Ω0_c = 2704.0 MeV/c^2 [1]. For Ω^0_c → Ω^−e^+ν_e we assume no net polarization of the Ω^− [14]. The fragmentation function for the Ω^0_c is unknown, therefore the measured fragmentation function of the Ξ_c [15] is used.

Figure 1 shows the invariant mass distribution of Λ^0K^− pairs with all selection criteria imposed. The signal is fit by a Gaussian and the background is parameterized by a second order polynomial function. The signal yield from the fit is 763 ± 32. The mean and width of the Gaussian are 1672.50 ± 0.07 MeV/c^2 and is 1.44 ± 0.06 MeV/c^2 respectively. The width is consistent with that expected from MC simulation.

FIG. 1. Invariant mass of Λ^0K^− combinations.

The Ω^− candidates are combined with positrons. The invariant mass of the Ω^−e^+ pair is required to satisfy m_Ω− < m_Ω−_e+ < m_Ω0_c . We require |⃗p_Ω− + ⃗p_e+ | > 1.4 GeV/c to reduce background from BB events. Figure 2 shows the invariant mass distributions of Λ^0K^− pairs in events which contain a right sign (RS) or wrong sign (WS) positron. There is a pronounced excess of RS events compared to WS events at the Ω^− mass as would be expected if we are observing the decay Ω^0_c → Ω^−e^+ν_e. The Λ^0K^− invariant mass distributions are fit with a function consisting of a Gaussian with width determined by a MC simulation to represent the signal and a first order polynomial function to represent the background. We define the signal box as a ±3.0σ signal region around the Ω^− mass. The fit returns 13.0 ± 3.8 (1.3 ± 0.6) events in the Gaussian component (background component) within the signal box.

We now consider backgrounds to the signal. There are four types of background that produce events that populate the signal box. These are: (1) fake e^+ – real Ω^− combinations, (2) random Ω^−e^+ pairs from (a) the continuum (generic e^+e^− → qq events) where the Ω^− is not a decay product of a charm baryon semileptonic decay and (b) B decays at the Υ(4S), (3) feeddown from decays of the type Ω^0_c → Ω^−Xe^+ν_e, where X is an unobserved decay product, (4) feedthrough from Ξ_c and Λ_c semileptonic decays. In addition for each of (1), (2), (3), and (4) there is combinatorial background to the Ω^− (usually a Λ^0 with random kaon). This fake Ω^− background is uniformly distrubuted in the Λ^0K^− invariant mass and populates both the signal box and the region outside the signal box. Therefore the population of events outside the signal box can be used to check etimates of the number of background events in the signal box. A further check is provided by wrong sign events which are produced by (1) and (2).

The evaluation of the backgrounds is as follows. The fake positron contribution to both RS and WS events depends on the particle populations in cc jets containing an Ω^−, and the species and momentum-dependent fake rate [16]. In this analysis, strangeness (baryon number) conservation leads to enhanced kaon (antiproton) production in e^+e^− → Ω^−X events. Both antiprotons and kaons have larger positron fake rates than pions. Because of baryon conservation, fake leptons from baryons are much more numerous in WS than in RS combinations. To account for the different positron fake rates of each particle species, all tracks in events containing an Ω^− that are not positively identified as positrons, are weighted by the momentum-dependent positron fake rates for each particle species, and the particle populations in cc jets containing an Ω^−, determined from data. We estimate there are 1.4 ± 0.4 (0.2 ± 0.2) fake e^+ – real Ω^− RS events due to kaons and protons (pions) faking positrons in the signal box. Thus, the total contribution from this source is 1.6 ± 0.5 RS events.

FIG. 2. The invariant mass of Λ^0K^− pairs for events with a positron (right plot) and an electron (left plot) satisfying the selection criteria described in the text.

The Ω^− production mechanisms in continuum events and Υ(4S) → BB̄ decays are not well known, therefore a MC estimation of random combinations of real Ω^−e^+ pairs from these processes will be unreliable. However, previous CLEO analyses found that the background from random Λ^0e^+ and Ξe^+ pairs in the modes Λ^+_c → Λ^0e^+ν_e, Ξ^0_c → Ξ^−e^+ν_e, and Ξ^+_c → Ξ^0e^+ν_e is small and is likely to populate both RS and WS equally [8–10]. In this analysis the absence of WS events at the Ω^− mass demonstrates that the random pairing of an Ω^− and a electron is negligible. We assume that this is also true for RS combinations.

Background due to decays of the type Ω^0_c → Ω^−e^+ν_eX, for example, Ω^0_c → Ω^{∗−}e^+ν_e, Ω^{∗−} → Ω^−X produces a peak in the Λ^0K^− mass distribution. The lightest and best understood resonance in the Ω^− family is the Ω(2250)^− [1] which does not decay to an Ω^−. The Ω(2470)^− decays to Ω^−π^+π^−, however, because the mass of this resonance is close to the Ω^0_c mass, the phase space suppression will be severe, and the positron spectrum entirely below 0.5 GeV/c. We note that due to isospin conservation the decay Ω^{∗−} → Ω^−π^0 is forbidden. If a, yet to be discovered, Ω^{∗−} with a mass in the range m_Ω− + 2m_π < m_Ω∗− < 2.250 GeV/c^2 exists it could, in principle, constitute a background to this analysis through the decay Ω^{∗−} → Ω^−(ππ)^0. However, it is likely that the dominant decay would be Ω^{∗−} → ΞK which has a larger phase space available. Given that no light Ω^{∗−} has been identified we do not consider this possibility further. We conclude that this analysis is insensitive to Ω^0_c → Ω^−e^+ν_eX.

The modes Ξ^+_c → Ω^−K^+e^+ν_e and Ξ^0_c → Ω^−K^0e^+ν_e also produce a peak in the Λ^0K^− mass distribution. However, these decays are expected to be suppressed for the following reasons. Semileptonic decays favor little hadronic fragmentation. A study of Λ^+_c → Λ^0e^+ν_e, [8] found that B(Λ^+_c → Λ^0e^+ν_e)/B(Λ^+_c → Λ^0e^+ν_eX) > 0.85 at 90 % confidence level. The same pattern is seen in charm mesons [18]. In B meson semileptonic decays where the energy release is larger there is only modest non-resonant production [1]. Also Ξ_c → Ω^−Ke^+ν_e proceeds via the creation of an ss̄ pair from the vacuum, which is suppressed relative to light quark anti-quark pair creation from the vacuum. There is no experimental evidence for ss̄ pair creation in semileptonic decays of b and c quarks. In addition, as Ξ_c → Ω^−Ke^+ν_e produces softer leptons than Ω^0_c → Ω^−e^+ν_e, the reconstruction efficiency is an order of magnitude lower, and M_Ω−_e+ < 1.98 GeV/c^2 is satisfied. Figure 3 shows the Ω^−e^+ invariant mass distribution for events in the signal box and compares it to the distribution expected for Ω^0_c → Ω^−e^+ν_e. The data is consistent with the simulation. There is one event with M_Ω−_e+ < 1.98 GeV/c^2 consistent with Ξ_c → Ω^−Ke^+ν_e. As this event could be either signal or background, it contributes a 0^{+1}_{−0} event uncertainty to the number of signal events.

FIG. 3. Ω^−e^+ invariant mass distribution for events in the signal box (solid line) and a Monte Carlo simulation (dashed line).

Feedthrough from other charm baryon semileptonic decays, Λ^+_c → Λ^0e^+ν_e, Ξ^0_c → Ξ^−e^+ν_e, and Ξ^+_c → Ξ^0e^+ν_e (coherent background), is a source of Λ^0 e^+ pairs, which, when combined with a random track in the event satisfying the kaon hypothesis, can mimic the signal. Coherent background is evaluated by generating MC events according to a HQET consistent model [17] which was shown in [10] to describe the decay Λ^+_c → Λ^0e^+ν_e. The MC events are generated using the measured fragmentation functions of the Λ^+_c , Ξ^+_c , and Ξ^0_c . Since the e^+e^− cross section for each process has been measured [8–10], a reliable prediction of the coherent background can be made. We estimate that the coherent background contributes 3.5 ± 1.9 RS events distributed uniformly in the range 1.642 < m_Λ0_K− < 1.072 GeV/c^2. Note that the coherent background, and any other source of fake Ω^− – real or fake e^+ is automatically taken into account by fitting the Λ^0K^− mass to determine the yield.

We now compare our estimate of the RS and WS backgrounds to the data. We estimate that fake positron background contributes 0.3 ± 0.3 (0.4 ± 0.4) WS events in the signal box (outside the signal box). The sum is in good agreement with the one WS event observed. We estimate coherent background (fake positron - fake Ω) contribute 2.9 ± 1.6 (1.6 ± 0.5) RS events outside the signal box in reasonable agreement with the the 7 RS events observed outside the signal box. The slight excess observed in data may be attributed to additional sources of fake Ω – real e^+ pairs which have not been accounted for. For example, the assumption that random pairs populate RS and WS equally may not be exact. However, we remind the reader that, due to the fit, the excess is accounted for in the determination of the yield. Finally, we estimate that the coherent background contributes 0.6 ± 0.3 events in the signal box in good agreement with the 1.3 ± 0.6 background events in the signal box returned from the fit.

To estimate the number of signal events in the signal box we subtract the fake positron background from the Gaussian component of the fit to obtain 11.4 ± 3.8 events consistent with Ω^0_c → Ω^−e^+ν_e. The probability for the background in the signal box (i.e. the sum of the coherent background and the fake positron background) to fluctuate to 14 or more events is 2.3 × 10^{−6}. Correcting the number of signal events by the signal efficiency and integrated luminosity of the data sample our measured B(Ω^0_c → Ω^−e^+ν_e) · σ(e^+e^− → Ω^0_c X) is (42.2 ± 14.1 ± 5.7) fb.

We have considered the following sources of systematic uncertainty and give our estimate of their magnitude in parentheses. Background from the process Ξ_c → Ω^−Ke^+ν_e is estimated from the Ω^−e^+ invariant mass distribution of Figure 3 (7.1%). The uncertainty in the fake positron background is determined from our knowledge of the species and momentum dependent fake rates and particle populations in cc jets containing an Ω^− (6.7%). The uncertainty associated with imperfect knowledge of the Ω^0_c fragmentation function is estimated by varying this function (6.0%). The uncertainty associated with the baryon finding efficiency is determined by data and MC studies for the Ω^− and Λ^0 to be (5.0%) and (4.0%) respectively. This uncertainty includes the uncertainty associated with track finding efficiency for p, π and K. The uncertainty in finding the positron track is determined by our knowledge of the the track finding efficiency of the CLEO II/II.V detectors (1.0%). The uncertainty associated with the positron identification efficiency is determined by Bhabha embedding studies (2.0%). The uncertainty associated with MC modeling of long-lived hyperons is estimated to be 2.0%. The uncertainties associated with MC modeling of slow pions from Λ^0 decays is obtained by varying this efficiency according to our understanding of the CLEO detector (1.2%). There is a 1.0% systematic uncertainty in the total integrated luminosity. The uncertainty in B(Ω^− → Λ^0K^−) and B(Λ^0 → p^+π^−) contribute a 1.3% uncertainty to our measurement. Finite MC statistics contribute a 0.1% uncertainty to the signal efficiency. The uncertainty in the efficiency associated with the choice of model for the decay is estimated by comparing the efficiency with a matrix element producing Ω^−’s with no net polarization (which is the efficiency used for the result) and full polarization. The difference in reconstruction efficiency for the two models is negligible and no uncertainty is assigned from this source. Adding all sources of systematic uncertainty in quadrature, the total systematic uncertainty is found to be 13.6%.

We compute the combined statistical and systematic significance of our observation by the following procedure. Most of the quantities for which a systematic uncertainty has been assigned do not contribute to the uncertainty in the magnitude of the background, the exception is the uncertainties associated with Ξ_c → Ω^−Ke^+ν_e and fake positron background. We assume the event satisfying M_Ω−_e+ < 1.98 GeV/c^2 is background from Ξ_c → Ω^−Ke^+ν_e and increase the background by one event. We also increase the background by our uncertainty in the fake positron background. The probability for the background to fluctuate to 14 or more events in the signal is 7.6 × 10^{−5}.

At present there is no reliable normalization of the Ω^0_c branching ratios. As the rates for semileptonic decays are, in principle, simpler to calculate than hadronic decays, the ratio of our B·σ to that for a hadronic mode will be useful for normalizing the hadronic scale once reliable theoretical predictions exist for the semileptonic modes. Therefore we measure R = Γ(Ω^0_c → Ω^−π^+)/Γ(Ω^0_c → Ω^−e^+ν_e). We search for Ω^0_c → Ω^−π^+ using a set of selection criteria very similar to those in the Ω^0_c → Ω^−e^+ν_e analysis [19]. We find 14.1 ± 4.3 events consistent with the decay Ω^0_c → Ω^−π^+ [20]. After correcting the yields by the efficiencies we compute R = Γ(Ω^0_c → Ω^−π^+)/Γ(Ω^0_c → Ω^−e^+ν_e) = 0.41 ± 0.19(stat) ± 0.04(syst). Most of the systematic uncertainties cancel in forming the ratio. The largest remaining sources of systematic uncertainty are associated with the estimates of background for the semileptonic mode. The corresponding ratio in Λ^+_c (Ξ^0_c ) decays is 0.44 ± 0.09(stat) (0.3 ±

0.1(stat + syst)).

In summary, we have reconstructed 14 Ω^−e^+ pairs of which 11.4 ± 3.8 are consistent with the decay Ω^0_c → Ω^−e^+ν_e. The probability that we have observed a background fluctuation is 7.6×10^{−5}. Our measured B · σ is (42.2 ± 14.1 ± 5.7) fb. This is the first statistically significant observation of an individual decay mode of the Ω^0_c in e^+e^− annihilation and the first example of a baryon decaying via β - emission, where no quarks from the first generation participate in the reaction. We have also measured R = Γ(Ω^0_c → Ω^−π^+)/Γ(Ω^0_c → Ω^−e^+ν_e) = 0.41 ± 0.19 ± 0.04.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the National Science Foundation, the U.S. Department of Energy, the Research Corporation, and the Texas Advanced Research Program.

REFERENCES

[1] Particle Data Group, Eur. Phys. J. C. 1 (2000). In the standard model |V_{cd}| and |V_{cs}| are determined from unitarity to a precision of ±0.8% and ±0.05% (1σ) respectively, under the assumption that there are three generations of quarks.

[2] N. Isgur and M.B. Wise, Phys. Lett. B 232, 113 (1989); 237, 527 (1990); E. Eichten and B.

Hill, Phyd. Rev. Lett. B 234, 511 (1990); H. Georgi, Phys. Lett., B 240, 447 (1990). [3] T. Mannel, W. Roberts, and Z. Ryzak, Nucl. Phys. B355, 38 (1981); Phys. Lett. B 255, 593 (1991); F, Hussain, J.G. Koerner, M. Kraemer, and G. Thompson, Z. Phys. C 51, 321 (1991); A.F. Falk and M. Neubert, Phys. Rev. D 47, 2982 (1993); H. Georgi, B. Grinstein, and M.B. Wise, Phys. Lett. B 252, 456 (1990); N. Isgur and M.B. Wise, Nucl. Phys. B348, 276 (1991); H. Georgi, Nucl. Phys. B348, 293 (1991).

[4] See, for example, J.G. Koerner and M Kraemer Prog. Part. Nucl. Phys. 33 787 (1994). [5] Y. Kubota et al., Nucl. Instrum. Methods Phys. Res. Sect. A 320, 255 (1992). [6] T. Hill, Nucl. Instrum. Methods Phys. Res. Sect. A 418, 32 (1998). [7] Throughout this paper charge conjugate modes are implicitly included. [8] CLEO Collaboration, T. Bergfeld et al., Phys. Lett. B 323, 219 (1994). [9] CLEO Collaboration, J. Alexander et al., Phys. Lett. 74, 3113 (1995). [10] CLEO Collaboration, G.L. Crawford et al., Phys. Rev. Lett. B 75, 624 (1995). [11] CLEO Collaboration, D. Cronin-Hennessy et al., Phys. Rev. Lett. 86, 3730 (2001). [12] CLEO Collaboration, P. Avery et al., Phys. Rev. Lett. 75, 4364 (1995). CLEO Collaboration, L. Gibbons et al., Phys. Rev. Lett. 77, 810 (1996). CLEO Collaboration, C. Jessop et al., Phys. Rev. Lett. 82, 492 (1999). CLEO Collaboration, J. Alexander et al., Phys. Rev. Lett. 83, 3390 (1999). CLEO Collaboration, S. Chen et al., Phys. Rev. D 64, 092001 (R) (2001).

[13] R. Brun et al., GEANT 3.15, CERN Report No. DD/EE/84-1, 1987. [14] HQET predicts that at q^2 = 0 the Ω^− emerges with zero polarization. This prediction is independent of the values of the six independent form factors in this decay. The Ω^− polarization varies with q^2, however setting it equal to zero is an adequate approximation for this analysis.

[15] CLEO Collaboration, K. Edwards et al., Phys. Lett. B 373, 261 (1996). [16] Fake rates are measured from tagged data samples of π^+/π^−, K^+/K^− and p^+/p^− tracks. [17] J.G. Koerner and M. Kraemer, Phys. Lett. B 275, 495 (1992). This model describes Λ^+_c → Λ^0e^+ν_e. We use the measured value of the form factors found in [10]. Application of this model to Ξ^0_c → Ξ^−e^+ν_e and Ξ^+_c → Ξ^0e^+ν_e is achieved by substitution of the particle masses and the decay asymmetry parameter.

[18] CLEO Collaboration, A. Bean et al., Phys. Lett. B 317, 647 (1993) gives Γ(D → (K + K^∗)lν_e)/Γ(D → lX) = 0.89 ± 0.12.

[19] For Ω^0_c → Ω^−π^+ we require x_p =^{|⃗pΩ−π |}√_{E2beam−M 2} Ω0c > 0.5. [20] The Ω^0_c → Ω^−π^+ yield in this analysis is consistent with that reported in [11].