SLAC-PUB-7941 October 10, 1998

Charmless and Double-Charm B Decays at SLD^∗

Mourad Daoudi

Stanford Linear Accelerator Center Stanford, CA 94309

Representing the SLD Collaboration^{∗∗}

Abstract

We present new results from the study of B decays at SLD: a measurement of the inclusive double-charm branching fraction in B-hadron decays and a search for the rare exclusive charmless decays B^+ → ρ^0π^+(K^+) and B^+ → K^{∗0}π^+(K^+). Using a novel technique which consists of counting charged kaons produced at the secondary (B) vertex and the tertiary (D) vertex, we measure B(B → DD̄X) = 0.188±0.025(stat)±0.059(syst). Another technique, based on the comparison of the charge of the D vertex to the flavor of the B hadron at production, yields a consistent result. In the search for rare exclusive B^+ decays, no candidates were found and competitive branching ratio upper limits are derived.

Talk given at the XXIX International Conference on High Energy Physics Vancouver, BC, Canada, July 23–29, 1998

�_{Work supported by U.S. Department of Energy contract DE-AC03-76SF00515.}

CHARMLESS AND DOUBLE-CHARM B DECAYS AT SLD

M. DAOUDI

Stanford Linear Accelerator Center, Stanford, CA 94309, USA E-mail: daoudi@slac.stanford.edu

We present new results from the study of B decays at SLD: a measurement of the inclusive double-charm branching fraction in B-hadron decays and a search for the rare exclusive charmless decays B+ → ρ0π+(K+) and B+ → K�0π+(K+). Using a novel technique which consists of counting charged kaons produced at the secondary (B) vertex and the tertiary (D) vertex, we measure B(B → DD̄X) = 0.188 ± 0.025(stat) ± 0.059(syst). Another technique, based on the comparison of the charge of the D vertex to the flavor of the B hadron at production, yields a consistent result. In the search for rare exclusive B+ decays, no candidates were found and competitive branching ratio upper limits are derived.

1 Introduction

The motivation for the analyses presented here lies in trying to shed some light into a long-standing B decay puzzle. For some time, the B semileptonic branching ratio (B_{SL}) and the charm yield in B decays (n_C ) appeared to be too low compared to the theoretical expectation. While this is no longer the case at LEP, this discrepancy seems to persist at the Υ(4S), as illustrated in Fig 1^{1,2}.

One way of reconciling a small B_{SL} is by having a large B hadronic width Γ_{Had}, which in turn can be due to a large b → cc̄s partial width. By the same token, a large B → DD̄X branching ratio can result in a large charm yield. This is shown in the following equations: B_{SL} = Γ_{SL} Γ_{SL} + Γ_{Had} Γ_{Had} = Γ(b → cūd) + Γ(b → cc̄s) + Γ(b → sg) + Γ(b → u) n_C = 1 + f_D¯_D − f_{NOC} .

Here, f_D¯_D and f_{NOC} represent the B double-charm and no-open-charm branching fractions, respectively.

Another possible scenario is to have a large contribution from the b → sg and b → u transitions. For example, A. Kagan and J. Rathsman suggest that the b → sg decay could possibly be enhanced to a branching ratio as large as 10%^3. An inclusive search for b → sg is currently underway at SLD^4. Preliminary results from that analysis were covered in A. Litke’s talk^5 at this conference.

In the present paper, results are given on the measurement of the inclusive branching fraction B(B → DD̄X) and a search for the rare exclusive decays B^+ → ρ^0π^+(K^+) and B^+ → K^{∗0}π^+(K^+). These analyses benefit from the very good tracking and vertexing efficiency and resolution of SLD provided by a precision 3-D CCD pixel vertex detector. In addition, the high polarization of the SLC electron beam permits an excellent b/b̄ separation, while the Cherenkov Ring Imaging Detector

Figure 1: Charm yield vs. semileptonic branching ratio, from Ref. 1. Theoretical bounds are defined by the quark mass ratio mc/m_b and the renormalization scale μ.

(CRID) provides good particle identification. The total SLD data sample of ∼ 550k hadronic Z^0’s, collected between 1993 and 1998, was used in the rare B^+ decay search, whereas ∼ 250k hadronic Z^0’s were analyzed in the B double-charm fraction measurement.

2 Measurement of B(B ! DD̄X)

The B → DD̄X decay channel is governed mainly by the b → cc̄s quark transition illustrated by the spectator diagram of Fig. 2, where in addition to the D meson from the b → c transition, a second so-called “wrongsign” D is produced in the W^− → c̄s decay. Previous measurements^{6,7,8} of the branching ratio for this decay yielded a value of ∼ 20% with an uncertainty ≃ ±4%.

At SLD, the measurement is performed using an inclusive approach based on selecting B decays with two well separated vertices. This is achieved, in part, by requiring that the χ^2 probability that all tracks in the B

Table 1: Number of charged kaons in B- and D-vertex and their ratio. N_K�_{,B} N_K+_{,B} N_K�_{,D} N_K+_{,D} N_{K,B}/N_{K,D} Data 758 559 1168 746 0.688 ± 0.025

M.C. DD̄ 3115 2339 2380 1880 1.280 ± 0.026

M.C. “Not-DD̄” 5386 3974 11489 6549 0.519 ± 0.007

decay chain originate from a single vertex be < 5%. We refer to the vertex closest to the interaction point as the “B-vertex” and the one furthest as the “D-vertex”, as in the standard b → c decays. Note that for B → DD̄X decays, the so-called “B-vertex” is rather likely to be one of the two D mesons. The two unique techniques we make use of to extract the double-charm fraction f_D¯_D rely essentially on this fact. They are described below.

Figure 2: Tree-level diagram for b → cc̄s.

Figure 3: Reconstructed distance between B and D vertices. The dots represent the data and the histogram the Monte Carlo.

Fig. 3 shows the reconstructed distance between the B and D vertices. Good agreement between the data and the Monte Carlo is seen. The Monte Carlo simulation of the production and decay of B mesons at the Z^0 resonance is based on the JETSET 7.4 generator^9 and the CLEO B decay model^{10}.

2.1 The Kaon Counting Method

In this analysis we count the number of charged kaons identified by the CRID that are attached to the B-vertex and the D-vertex. We then compare the ratio of these two numbers in the data to that from two Monte Carlo samples: one containing exclusively double-charm B decays, and one made up of all other B decay channels. Since kaons are copiously produced in the c → s transition, one expects to find substantially more kaons in the D-vertex for single-charm B decays. This is not the case for double-charm B decays where one of the D mesons may be reconstructed as the B-vertex. The ratio of the number of K^±’s in the B-vertex to that in the D-vertex is shown in the last column of Table 1. It can be seen clearly that this ratio in the data has a double charm component, whose fraction we deduce to be

f_D¯_D = 0.188 ± 0.025(stat).

This is after having applied a correction for the difference in efficiency for selecting single-charm (ϵ_D) and doublecharm (ϵ_D¯_D ) decays of the B. We estimate the ratio of these efficiencies to be ϵ_D¯_D/ϵ_D = 1.34 ± 0.03.

An interesting cross check is provided by the K^+/K^− asymmetry at the D-vertex (see Table 1). For a singlecharm B decay, the sign of the kaon there is – (+) if it originated from the b → c → s (b̄ → c̄ → s̄) decay chain. For double-charm decays, the D-vertex may correspond to the wrong-sign D meson which produces a kaon with opposite sign. Thus the kaon charge asymmetry in this case is different. The B → DD̄X fraction we extract from this asymmetry is f_D¯_D = 0.29 ± 0.11(stat).

Note that, in this discussion, the K^± sign is given by the kaon charge multiplied by the sign of the b-quark charge, as determined by tagging the b or b̄ flavor of the B meson at production. The initial state b flavor tagging at SLD relies mainly on the large polarized forward-backward asymmetry for Z^0 → bb̄ decays. It is complemented by other tags using information from the opposite hemisphere to the selected B vertex. These tags include the momentum-weighted track charge sum (jet charge), the dipole charge for a topologically reconstructed vertex and the charge of an identified kaon or

Table 2: Systematic errors in the measurement of f_D¯_D for the kaon counting method.

σ_{syst} Detector Systematics Tracking Efficiency ±0.003 Tracking Resolution ±0.007 K^± Id. Efficiency < 0.001 π^± Fake Rate ±0.007 Track Misassignment ±0.042

Physics Systematics udsc Background ±0.004 B Multiplicity ±0.015 B_s Fraction ±0.011 Λ_b Fraction ±0.007 B(B_{u,d} → D^0X) ±0.002 B(B_{u,d} → D^+X) ±0.002 B(B_{u,d} → D^+_s X) ±0.004 B → DD̄ Model ±0.015 Charm Multiplicity ±0.032

TOTAL ±0.059

a high transverse-momentum lepton. Further details can be found in Ref. 11.

The analyzing power of the kaon counting technique is somewhat reduced experimentally due to the misassignment of tracks between the B and D vertices. In order not to rely entirely on the Monte Carlo simulation, the track misassignment rate is calibrated in the data using semileptonic b → l and b → c → l decays. This is done by comparing the lepton sign in these decays to the initial-state b-quark flavor (sign). Wrong combinations of the two are the result of an initial-state flavor mistag (whose rate is well determined) and/or a misassignment of the lepton to the B- or D-vertex. We measure the track assignment efficiency to be ϵ_{T.A.} = 0.70±0.03. The same analysis performed on the Monte Carlo gives a consistent result. The statistical error in this efficiency translates into a systematic uncertainty of ±0.042 in f_D¯_D.

Another important source of systematic error in this measurement is the uncertainty in the charm decay multiplicity, which is not very well determined experimentally^{12}. Other systematic errors are listed in Table 2. Combining all the components in quadrature we get a total systematic error of ±0.059. Thus, our preliminary measurement of the B double-charm branching fraction using the kaon counting method is f_D¯_D = 0.188 ± 0.025(stat) ± 0.059(syst).

2.2 D Charge Method

In this analysis, we compare the sign of the reconstructed D-vertex to the initial-state flavor of the B meson. For example, when a B^− decays to a single charmed meson, we expect the D-vertex to be positively charged (see Fig. 2). Whereas, for a double-charm decay of the same B^−, the reconstructed D-vertex can be either positively or negatively charged, since it may correspond to either a right- or wrong-sign D meson. This is, of course, without taking into account decays of the B^− into a neutral D meson, for simplicity. The distribution of the D-vertex charge multiplied by the b-quark charge sign of the B meson at production is shown in Fig. 4. There is good agreement between the data, represented by the dots, and the Monte Carlo, by the solid histogram. The Monte Carlo is a sum of a pure single-charm (shaded histogram) component and double-charm component. Note that the latter is asymmetric.

Figure 4: D-vertex charge (multiplied by sign of b-quark charge). The various components are explained in the text.

Similarly to the kaon counting method, this technique is also sensitive to the misassignment of tracks between the B and D vertices. Furthermore, the large D^0 production rate degrades its analyzing power.

We extract the B double-charm branching fraction by fitting the data distribution in Fig. 4 to the two Monte Carlo distributions corresponding to the D-charge for single- and double-charm decays. The result of the χ^2 fit is f_D¯_D = 0.195 ± 0.045(stat),

which is consistent with the above value obtained with the kaon counting method. The systematic error for this measurement is currently being evaluated.

3 Search for Charmless B+ Decays

We have searched for the exclusive three-prong decays B^+ → ρ^0π^+(K^+), ρ^0 → π^+π^−; and B^+ → K^{∗0}π^+(K^+),

K^{∗0} → K^+π^−. These are mediated by the tree-level b → u and the one-loop penguin b → d(s) transitions. Theoretical predictions for the corresponding branching ratios are in the 10^{−6} – 10^{−5} range^{13,14,15}. The best experimental limits come from CLEO^{16} and are about a factor 5 – 10 larger. These are based on the observation of a small number of events (e.g. 8 observed decays for an expected background of 3 in the ρπ channel). For the decays B^+ → ρ^0π^+, K^{∗0}π^+, the DELPHI^{17} experiment observes a total of 3 decays, with a background estimated at 0.15. The resulting branching ratio is B(B → ρ(K^∗)π) = (1.7^{+1.2}_{−0.8} ± 0.2) × 10^{−4}.

Figure 5: Background vs. efficiency evolution as the cut on the discriminator function output is varied.

While CLEO and DELPHI have used relatively large samples of B^+’s, their efficiency is small (≈ 6.0%). At SLD, with our high resolution vertexing capability, we achieve an efficiency as high as 50% within our acceptance. With a sample of ∼ 100k B^+’s, we can set comparable limits to CLEO and DELPHI.

Table 3: Efficiency and background estimate for each of the four final states in the B+ → 3-prong search (not including the branching ratio for ρ0 → π+π� and K�0 → K+π�).

Efficiency Estimated Background ρ^0π^+ 0.50 0.61 ρ^0K^+ 0.45 0.61 K^{∗0}π^+ 0.52 0.37 K^{∗0}K^+ 0.46 0.37

The analysis consists of three steps. First, we form a three-prong vertex with charge = ±1. We apply track quality, background suppression, and decay kinematics requirements. The latter include B mass and energy cuts, and ρ^0 and K^{∗0} mass and center-of-mass helicity angle cuts. No kaon identification is required. In the second stage of the analysis, we construct a discriminator

Figure 6: Number of observed decays in the data vs. expected background from the Monte Carlo, as the cut of the discriminator function is relaxed.

function using eight kinematic and vertexing variables, each with a parametrization for signal and background. Finally, we determine the optimal cut on the output variable of this discriminator function. This is done, relying on Poisson statistics, by minimizing the expected branching ratio upper limit as a function of efficiency, for each of the decay channels, under the assumption that the true branching fraction is 0. The variation of the expected background vs. efficiency for the ρπ channel is shown in Fig. 5. The optimal discriminator function output cut for this channel can be inferred from the figure, corresponding to an efficiency of ≈ 50%. It is important to note that this study is performed using only a Monte Carlo sample for the background, independently of the data.

Table 4: Systematic uncertainty in the efficiency for each of the B+ → 3-prong final states.

ρ^0π^+ ρ^0K^+ K�^0π^+ K�^0K^+ Mass Resolution -0.3% -0.9% -0.4% +0.1% Tracking Effic. -0.6 -0.5 -0.4 -0.2 Vertex Resolution -2.5 -1.7 -1.0 -0.9 b Fragmentation �0.4 �0.0 �0.3 �0.4 Total Uncertainty �3.8% �3.1% �2.1% �1.4%

No events are observed in any of the four decays we searched for in the data. The amount of background we estimate for each channel is listed in Table 3, together with the individual efficiencies. The number of observed decays in the data is compared to the expected background as the cut on the discriminator function is relaxed. We find that the two track one another very well, providing a nice cross check of the analysis. This is illustrated in Fig. 6.

Table 4 contains the systematic uncertainty in the efficiency for each of the decay channels. The first three 5 components in the table correspond to the shift in absolute efficiency observed in the Monte Carlo when it is smeared according to transverse momentum resolution, tracking efficiency, and impact parameter resolution, respectively. The last component corresponds to the uncertainty associated with the measurement of the average B-hadron energy at the Z^0. Taking into account these systematic errors and the uncertainty in the estimate of the number of B^+’s contained in the data (±1.1%), we set 90% C.L. upper limits. These are given in Table 5. They are consistent with the CLEO limits. For the combined ρ^0π^+ and K^{∗0}π^+ final states, the agreement between our result and DELPHI’s branching ratio measurement, given above, is only at the ≤ 10% confidence level.

Table 5: Preliminary 90% CL upper limits (B.R.×105) for the four exclusive final states in the B+ → 3-prong search. Corresponding CLEO and DELPHI limits are also given.

CLEO DELPHI SLD Preliminary B^+ → ρ^0π^+ 5.8 16 8.2 B^+ → ρ^0K^+ 1.4 12 9.2 B^+ → K^{∗0}π^+ 3.9 39 11.9 B^+ → K^{∗0}K^+ 13.5

4 Conclusions

We have presented a measurement of the B → DD̄X branching ratio using two novel techniques. These rely on the high efficiency inclusive topological vertex reconstruction of the SLD detector, as well as its excellent initial-state b / b̄ flavor tagging, and its very good particle identification capability. The first method, called the kaon counting technique, gives the following preliminary result: B(B → DD̄X) = 0.188 ± 0.025(stat) ± 0.059(syst). This is comparable in precision and in good agreement with recent measurements by other experiments. The systematic error, which is conservatively estimated at this stage of the analysis, is dominated by the track misassignment rate between secondary and tertiary vertices, and by the charm decay multiplicity. It is expected to be improved significantly.

The second method, dubbed the D-charge technique, gives a consistent result. This analysis is not as mature yet, but it provides a good cross check for the kaon counting technique. The two measurements will be combined, taking into account common systematics, and the overall error in the double-charm branching ratio will be significantly decreased. An additional improvement in the statistical error is expected with the inclusion of a data sample not yet analyzed.

We have also shown the results of a search for rare exclusive charmless B^+ → 3-prong decays. Here also, the high resolution tracking and vertexing of SLD greatly enhances the experimental sensitivity to these modes. An overall efficiency of 50% is achieved. No candidates were observed in the data for the ρ^0π^+(K^+) and K^{∗0}π^+(K^+) final states, and competitive upper limits are derived.

Other interesting analyses in B decays are underway at SLD, in particular a measurement of the B semileptonic branching fraction and a search for the b → sg transition. Together with the measurements presented here, a significant contribution toward a better understanding of the semileptonic branching ratio vs. charm yield puzzle will be made.

Acknowledgements

I would like to thank my colleagues Glen Crawford, Per Reinertsen, and Bruce Schumm for their contribution.

References

1. M. Neubert, CERN-TH/98-2, hep-ph/9801269. 2. M. Feindt, IEKP-KA/98-4, hep-ph/9802380. 3. A.L. Kagan and J. Rathsman, hep-ph/9701300. 4. SLD Collaboration (K. Abe et al.), SLAC-PUB- 7896, July 1998.

5. A. Litke, elsewhere in these proceedings. 6. CLEO Collaboration (T.E. Coan et al.), Phys. Rev.

Lett. 80, 1150 (1998).

7. ALEPH Collaboration (R. Barate et al.), Eur.

Phys. J. C 4, 387 (1998).

8. DELPHI Collaboration (P. Abreu et al.), Phys.

Lett. B 426, 193 (1998).

9. T. Sjöstrand, Comp. Phys. Comm. 82, 74 (1994). 10. CLEO B decay model provided by P. Kim and the CLEO Collaboration.

11. SLD Collaboration (K. Abe et al.), SLAC-PUB- 7885, July 1998.

12. Mark-III Collaboration (D. Coffman et al.), Phys.

Lett. B 263, 135 (1991).

13. N.G. Deshpande and J. Trampetic, Phys. Rev. D 41, 895 (1990).

14. L.-L. Chau et al., Phys. Rev. D 43, 2176 (1991). 15. A. Deandrea et al., Phys. Lett. B 320, 170 (1994). 16. CLEO Collaboration (A. Anastassov et al.), CLEO CONF 97-24, EPS97-334.

17. DELPHI Collaboration (W. Adam et al.), Z. Phys.

C 72, 207 (1996).

∗∗ The SLD Collaboration

K. Abe,^{(18)} K. Abe,^{(29)} T. Abe,^{(27)} T. Akagi,^{(27)} N.J. Allen,^{(4)} D. Aston,^{(27)} K.G. Baird,^{(16)} C. Baltay,^{(33)} H.R. Band,^{(32)} T. Barklow,^{(27)} J.M. Bauer,^{(17)} A.O. Bazarko,^{(10)} G. Bellodi,^{(11)} A.C. Benvenuti,^{(2)} G.M. Bilei,^{(21)} D. Bisello,^{(20)} G. Blaylock,^{(16)} J.R. Bogart,^{(27)} T. Bolton,^{(10)} G.R. Bower,^{(27)} J.E. Brau,^{(19)} M. Breidenbach,^{(27)} W.M. Bugg,^{(28)} D. Burke,^{(27)} T.H. Burnett,^{(31)} P.N. Burrows,^{(15)} A. Calcaterra,^{(12)} D.O. Caldwell,^{(5)} D. Calloway,^{(27)} B. Camanzi,^{(11)} M. Carpinelli,^{(22)} R. Cassell,^{(27)} R. Castaldi,^{(22)(a)} A. Castro,^{(20)} M. Cavalli-Sforza,^{(6)} A. Chou,^{(27)} H.O. Cohn,^{(28)} J.A. Coller,^{(3)} M.R. Convery,^{(27)} V. Cook,^{(31)} R.F. Cowan,^{(15)} D.G. Coyne,^{(6)} G. Crawford,^{(27)} C.J.S. Damerell,^{(24)} M. Daoudi,^{(27)} N. de Groot,^{(27)} R. Dell’Orso,^{(21)} P.J. Dervan,^{(4)} R. De Sangro,^{(12)} M. Dima,^{(8)} A. D’Oliveira,^{(7)} D.N. Dong,^{(15)} R. Dubois,^{(27)} B.I. Eisenstein,^{(13)} V.O. Eschenburg,^{(17)} E. Etzion,^{(32)} S. Fahey,^{(9)} D. Falciai,^{(12)} J.P. Fernandez,^{(6)} M.J. Fero,^{(15)} R. Frey,^{(19)} G. Gladding,^{(13)} E.L. Hart,^{(28)} J.L. Harton,^{(8)} A. Hasan,^{(4)} K. Hasuko,^{(29)} S.J. Hedges,^{(3)} S.S. Hertzbach,^{(16)} M.D. Hildreth,^{(27)} M.E. Huffer,^{(27)} E.W. Hughes,^{(27)} Y. Iwasaki,^{(19)} D.J. Jackson,^{(24)} P. Jacques,^{(23)} J.A. Jaros,^{(27)} Z.Y. Jiang,^{(27)} A.S. Johnson,^{(27)} J.R. Johnson,^{(32)} R.A. Johnson,^{(7)} R. Kajikawa,^{(18)} M. Kalelkar,^{(23)} Y. Kamyshkov,^{(28)} H. J. Kang,^{(25)} I. Karliner,^{(13)} Y.D. Kim,^{(25)} M.E. King,^{(27)} R.R. Kofler,^{(16)} R.S. Kroeger,^{(17)} M. Langston,^{(19)} D.W.G.S. Leith,^{(27)} V. Lia,^{(15)} M.X. Liu,^{(33)} X. Liu,^{(6)} M. Loreti,^{(20)} H.L. Lynch,^{(27)} G. Mancinelli,^{(23)} S. Manly,^{(33)} G. Mantovani,^{(21)} T.W. Markiewicz,^{(27)} T. Maruyama,^{(27)} H. Masuda,^{(27)} A.K. McKemey,^{(4)} B.T. Meadows,^{(7)} G. Menegatti,^{(11)} R. Messner,^{(27)} P.M. Mockett,^{(31)} K.C. Moffeit,^{(27)} T.B. Moore,^{(33)} D. Muller,^{(27)} T. Nagamine,^{(29)} S. Narita,^{(29)} U. Nauenberg,^{(9)} M. Nussbaum,^{(7)†} N. Oishi,^{(18)} D. Onoprienko,^{(28)} L.S. Osborne,^{(15)} R.S. Panvini,^{(30)} C.H. Park,^{(26)} T.J. Pavel,^{(27)} I. Peruzzi,^{(12)(b)} M. Piccolo,^{(12)} L. Piemontese,^{(11)} E. Pieroni,^{(22)} R.J. Plano,^{(23)} R. Prepost,^{(32)} C.Y. Prescott,^{(27)} G.D. Punkar,^{(27)} J. Quigley,^{(15)} B.N. Ratcliff,^{(27)} J. Reidy,^{(17)} P.L. Reinertsen,^{(6)} L.S. Rochester,^{(27)} P.C. Rowson,^{(27)} J.J. Russell,^{(27)} O.H. Saxton,^{(27)} T. Schalk,^{(6)} R.H. Schindler,^{(27)} B.A. Schumm,^{(14)} J. Schwiening,^{(27)} S. Sen,^{(33)} V.V. Serbo,^{(32)} M.H. Shaevitz,^{(10)} J.T. Shank,^{(3)} G. Shapiro,^{(14)} D.J. Sherden,^{(27)} K.D. Shmakov,^{(28)} N.B. Sinev,^{(19)} S.R. Smith,^{(27)} M.B. Smy,^{(8)} J.A. Snyder,^{(33)} H. Staengle,^{(8)} A. Stahl,^{(27)} P. Stamer,^{(23)} H. Steiner,^{(14)} R. Steiner,^{(1)} D. Su,^{(27)} F. Suekane,^{(29)} A. Sugiyama,^{(18)} S. Suzuki,^{(18)} M. Swartz,^{(27)} F.E. Taylor,^{(15)} E. Torrence,^{(15)} A.I. Trandafir,^{(16)} J.D. Turk,^{(33)} T. Usher,^{(27)} J. Va’vra,^{(27)} C. Vannini,^{(22)} E. Vella,^{(27)} J.P. Venuti,^{(30)} R. Verdier,^{(15)} P.G. Verdini,^{(22)} S.R. Wagner,^{(27)} D.L. Wagner,^{(9)} A.P. Waite,^{(27)} C. Ward,^{(4)} S.J. Watts,^{(4)} A.W. Weidemann,^{(28)} E.R. Weiss,^{(31)} J.S. Whitaker,^{(3)} S.L. White,^{(28)} F.J. Wickens,^{(24)} D.C. Williams,^{(15)} S.H. Williams,^{(27)} S. Willocq,^{(27)} R.J. Wilson,^{(8)} W.J. Wisniewski,^{(27)} J.L. Wittlin,^{(16)} M. Woods,^{(27)} T.R. Wright,^{(32)} J. Wyss,^{(20)} R.K. Yamamoto,^{(15)} X. Yang,^{(19)} J. Yashima,^{(29)} S.J. Yellin,^{(5)} C.C. Young,^{(27)} H. Yuta,^{(29)} G. Zapalac,^{(32)} R.W. Zdarko,^{(27)} and J. Zhou,^{(19)}

(1)Adelphi University, Garden City, New York 11530 (2)INFN Sezione di Bologna, I-40126 Bologna, Italy (3)Boston University, Boston, Massachusetts 02215 (4)Brunel University, Uxbridge, Middlesex UB8 3PH, United Kingdom (5)University of California at Santa Barbara, Santa Barbara, California 93106 (6)University of California at Santa Cruz, Santa Cruz, California 95064 (7)University of Cincinnati, Cincinnati, Ohio 45221 (8)Colorado State University, Fort Collins, Colorado 80523 (9)University of Colorado, Boulder, Colorado 80309

(10)Columbia University, New York, New York 10027

(11)INFN Sezione di Ferrara and Università di Ferrara, I-44100 Ferrara, Italy

(12)INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy

(13)University of Illinois, Urbana, Illinois 61801

(14)Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720

(15)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

(16)University of Massachusetts, Amherst, Massachusetts 01003

(17)University of Mississippi, University, Mississippi 38677

(18)Nagoya University, Chikusa-ku, Nagoya 464 Japan

(19)University of Oregon, Eugene, Oregon 97403

(20)INFN Sezione di Padova and Università di Padova, I-35100 Padova, Italy

(21)INFN Sezione di Perugia and Università di Perugia, I-06100 Perugia, Italy (22)INFN Sezione di Pisa and Università di Pisa, I-56100 Pisa, Italy (23)Rutgers University, Piscataway, New Jersey 08855 (24)Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United Kingdom (25)Sogang University, Seoul, Korea (26)Soongsil University, Seoul, Korea 156-743 (27)Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 (28)University of Tennessee, Knoxville, Tennessee 37996 (29)Tohoku University, Sendai 980 Japan (30)Vanderbilt University, Nashville, Tennessee 37235 (31)University of Washington, Seattle, Washington 98195 (32)University of Wisconsin, Madison, Wisconsin 53706 (33)Yale University, New Haven, Connecticut 06511

†Deceased (a)Also at the Università di Genova (b)Also at the Università di Perugia