SLAC–PUB-95–7000 September 1995

Production of Charm and Beauty in e^+e^− with Polarized Electron Beam^1

D. Su Stanford Linear Accelerator Center Stanford University, Stanford, California 94309, USA

Representing the SLD Collaboration^2

Abstract

The test of the Standard Model through the measurements of Z^0 to fermion couplings can benefit from much enhanced sensitivity by using longitudinally polarized electron beams. This report reviews preliminary electroweak measurements from SLD on heavy quark production at the Z^0, using 150,000 hadronic Z^0 decays accumulated during the 93-95 runs with high electron beam polarization. The parity violating parameters A_b and A_c of the Zbb and Zcc couplings are measured directly from the left-right forward-backward asymmetries. A measurement of R_b with a lifetime double tag and a summary of the preliminary measurement of A_{LR} from the 93-95 SLD data are also included in this report.

Presented at the 6th International Symposium on Heavy Flavor Physics June 6{10, 1995, Pisa, Italy.

1Work supported in part by Department of Energy contracts: DE{FG02{91ER40676 (BU), DE{FG03{92ER40701 (CIT), DE{FG03{91ER40618 (UCSB), DE{FG03{92ER40689 (UCSC), DE{FG03{93ER40788 (CSU), DE{FG02{91ER40672 (Colorado), DE{FG02{91ER40677 (Illinois), DE{AC03{76SF00098 (LBL), DE{FG02{92ER40715 (Massachusetts), DE{AC02{ 76ER03069 (MIT), DE{FG06{85ER40224 (Oregon), DE{AC03{76SF00515 (SLAC), DE{ FG05{91ER40627 (Tennessee), DE{AC02{76ER00881 (Wisconsin), DE{FG02{92ER40704 (Yale); National Science Foundation grants: PHY{91{13428 (UCSC), PHY{89{21320 (Columbia), PHY{92-04239 (Cincinnati), PHY{88{17930 (Rutgers), PHY{88{19316 (Vanderbilt), PHY{92{03212 (Washington); the UK Science and Engineering Research Council (Brunel and RAL); the Istituto Nazionale di Fisica Nucleare of Italy (Bologna, Ferrara, Frascati, Pisa, Padova, Perugia); and the Japan-US Cooperative Research Project on High Energy Physics (Nagoya, Tohoku).

2SLD Collboration members and institutions are listed after the references.

The measurements of the Z^0 couplings to the variety of fermions is an important part of the precision tests of the Standard Model (SM). Possible new physics beyond the Standard Model may manifest themselves through the radiative corrections to these couplings. The measurements of Z^0 couplings to heavy quarks are of especial interest due to the expectation of more pronounced radiative corrections to the ZQQ vertex with Q being a heavy quark, both within the SM and from extensions beyond the SM.

The SLC operates with e^+e^− beams colliding at the Z^0 resonance energy. The successful deployment of a strained lattice GaAs photocathode as the source of a highly polarized electron beam, presents the opportunity for a unique set of precision electroweak measurements with enhanced sensitivity for the test of the SM. The SLD experiment at SLC has collected 100,000 hadronic Z^0 events in the 1994-1995 run, with a preliminary measurement of the average luminosityweighted electron beam longitudinal polarization of 77.3±0.6%. All preliminary measurements described in this report are based on these data and are combined with the measurements from the 50,000 Z^0’s taken during the 1993 run with 63.0±1.1% polarization. Descriptions of the SLD detector components can be found in the reference sections of the individual analysis papers cited.

1 The A_{LR} Measurement

The left-right asymmetry is defined and related to the SM parameters as

A^0_{LR} ≡ σ_L − σ_R σ_L + σ_R

= A_e = 2v_ea_e v^2_e + a^2_e = 2[1 − 4 sin^2 θ^{eff}_W ] 1 + [1 − 4 sin^2 θ^{eff}_W ]^2 where σ_L and σ_R are the e^+e^− → Z^0 production cross sections at the Z^0 pole for a left- and right-handed electron beam respectively. This indicates that A_{LR} is very sensitive to sin^2 θ^{eff}_W with δA_{LR} ∼ 8 · δ sin^2 θ^{eff}_W for sin^2 θ^{eff}_W = 0.23. The analysis method of the SLD preliminary measurement of A_{LR} with 1994-1995 data is similar to that for the 1993 data [1]. The preliminary 1994-1995 measurement of A_{LR} (after dividing the beam polarization from the raw left-right asymmetry, and including small corrections for background, detector, and center of mass energy effects) is:

A^0_{LR} = 0.1524 ± 0.0042 (stat) ± 0.0012 (sys).

The preliminary result combining all 1992-1995 data from SLD is: A^0_{LR} = A_e = 0.1551 ± 0.0040

sin^2 θ^{eff}_W = 0.23049 ± 0.00050, which is the most precise single measurement of sin^2 θ^{eff}_W . This result is consistent with the combined LEP sin^2 θ^{eff}_W result using all measurements from the Z^0 → ℓℓ events [4] assuming lepton universality: A_ℓ = 0.1464 ± 0.0039 and sin^2 θ^{eff}_W = 0.23160 ± 0.00049.

2 The R_b Measurement

The preliminary SLD R_b measurement [3] uses a lifetime double-tag technique similar to the method used by ALEPH [2]. This method allows a simultaneous measurement of R_b and the hemisphere b-tag efficiency ϵ_b to reduce systematics associated with Monte Carlo (MC) modelling of ϵ_b. The unambiguous 3D hits from the SLD CCD pixel vertex detector enable a cleaner track reconstruction such that the impact parameter distribution tails are well reproduced by the MC. The overall track impact parameter resolutions are 11 μm and 38 μm in the rϕ and rz projections respectively at high momentum, while multiple scattering contributions are 70/p sin^{3/2}θ in both projections. The average interaction point in the rϕ view from ∼30 sequential hadronic events provides a robust estimate of the event primary vertex (PV) at 7 μm precision, while the event by event determination of the PV z coordinate has a precision of ∼35 μm [5].

The hemisphere probability of all tracks compatible with the PV is calculated from individual track 3D impact parameters and used to tag the hemispheres in bb events. For the nominal R_b result, a cut of log_{10}(Hemisphere Prob.) <–3 is used to tag b-hemispheres. The choice of this cut is based on an optimization for a minimal total R_b error, as can be seen from Fig. 1. The efficiencies of tagging uds and c hemispheres according to MC are 2.3% and 0.087% respectively at this cut. The b-hemisphere correlations also estimated from the MC are –0.2%. The measured ϵ_b from the data is 31.3 ± 0.6_{stat}%, consistent with the MC prediction of 30.6%. The corresponding hemisphere b-tag purity is 94%.

Figure 1: R_b measurement error components as a function of the hemisphere probability tag.

Systematic source δR_b/R_b Systematic source δR_b/R_b Correlation systematics Charm systematics B lifetime 0.03% D lifetime 0.15% B-decay multiplicity 0.14% D-decay multiplicity 0.87% B → D model 0.02% c → D fractions 0.57% b fragmentation 0.30% c fragmentation 0.56% Λ_b fraction 0.31% R_c = 0.171 ± 0.017 1.05% MC statistics 0.41% MC statistics 0.26% Light quark systematics Detector systematics K, Λ production 0.04% V^0 rejection 0.85% g → cc, bb 0.19% Tracking efficiency 0.41% MC statistics 0.11% Impact resolutions 0.35% Beam position tails 0.29% Table 1: R_b measurement systematic errors.

Assuming a SM value of R_c = 0.171 ± 0.17, the obtained preliminary result is R_b = 0.2171 ± 0.0040 (stat) ± 0.0037 (sys) ± 0.0023 (R_c).

A detailed breakdown of the systematic errors is shown in Table 1. Similar to many other R_b measurements, the b-tag purity of 94% can be improved slightly by sacrificing efficiency, but it is still difficult to contain the systematics to well below 1%. The development of an ultrahigh purity (∼99%) b-tag is needed to improve systematics in conjunction with more data in the future.

3 The A_b; A_c Measurements

The extent of parity violation in the Zff coupling for fermion f can be expressed as the observable

A_f = g^2_L − g^2_R g^2_L + g^2_R = 2v_f a_f v^2_f + a^2_f , which is complimentary to the observables measuring the coupling strengths ∝ v^2_f +a^2_f , such as R_b. In particular, A_b, A_c are more sensitive to the right-handed Zbb, Zcc couplings than R_b, R_c, which are predominantly left-handed observables. For Z^0 → ff events with final state fermion f at polar angle z = cosθ, with respect to the electron beam, the Born level expression for conventional forwardbackward asymmetry is

A^f_{FB}(z) = σ^f (z) − σ^f (−z) σ^f (z) + σ^f (−z) = A_eA_f 2z 1 + z^2 .

The availability of the electron beam helicity information allows the formation of the left-right forward-backward asymmetry Ã^f_{FB}(z) = [σ^{fL}(z) − σ^{fL}(−z)] − [σ^{fR}(z) − σ^{fR}(−z)] [σ^f_L(z) + σ^f_L(−z)] + [σ^f_R(z) + σ^f_R(−z)] = |P_e|A_f 2z 1 + z^2 , where P_e is the electron beam longitudinal polarization. The use of Ã^f_{FB} eliminates the dependence on the initial state A_e, to measure the final state A_f directly. The achieved high |P_e| of ∼77% at SLC/SLD also brings a large gain of (P_e/A_e)^2 ∼ 25 in statistics, compared to conventional A^f_{FB} on the sensitivity to A_f . The effects of detector acceptance and efficiency non-uniformity also cancel to first order for this double asymmetry. All asymmetry measurement results described in this section include QCD corrections in the final fit. Most measurements apply cosθ-dependent QCD corrections, including quark mass effects at O(α_s) and using massless quark calculations at O(α^2_s) according to Ref. [7].

3.1 The A_c measurement using reconstructed D^{∗+}, D^+

This is an updated analysis from the measurement on the 1993 data [6] to include all 1993–1995 data. The D^{∗+} → π^+_s D^0 decays are reconstructed by a combination of kinematic and decay length analyses for the decay modes D^0 → K^−π^+ and D^0 → K^−π^+(π^0) without explicit π^0 reconstruction. D^+ → K^−π^+π^− decays are reconstructed, requiring a good D^+ vertex displaced from the PVBoth the D^∗ decay length and the D^+ analyses benefit from high resolution 3D vertexing and precise knowledge of the PV at SLD in order to suppress D mesons from bb events and the random combinatorial background (RCBG), as they mostly do not point to the PV. The distributions of D^{∗+} −D^0 mass differences (Δm) and distribution of the D^+ → K^−π^+π^− mass are shown in Fig. 2.

Figure 2: Distributions of D^∗ − D^0 mass difference for D^0 → K^−π^+ (top), D^0 → K^−π^+(π^0) (middle) modes, and D^+ → K^−π^+π^− mass (bottom).

The signal sidebands are used to estimate the background fraction and asymmetry. A maximum likelihood fit for the combined sample is used to extract A_c, taking into account the information on D^{(∗)} momentum-dependent fractions of cc, bb signal and background components. The preliminary result obtained is:

A_c = 0.64 ± 0.11 (stat) ± 0.06 (sys). The dominant systematics related to the RCBG, as shown in Table 2, are largely statistical in nature, so they are expected to be reduced with a larger data sample.

Systematic source δA_c RCBG fraction 0.039 RCBG asymmetry 0.028 c − D/b − D fraction 0.011 b − D asymmetry 0.018 b-fragmentation 0.011 c-fragmentation 0.016 Beam polarization 0.007 QCD correction 0.007 A_b = 0.935 ± 0.090 0.012 Total systematic 0.058

Table 2: Systematic errors of A_c measurement from D^{∗+}, D^+.

3.2 The A_b, A_c measurements using leptons

This is an updated measurement based on the analysis of the 1993 data [8], to include all 1993-1995 data. The identified muons and electrons are used to enrich the bb, cc events and the charge of the leptons is used to assign the relevant jet axis direction as quark or antiquark direction. The MC simulation is used to estimate the population fractions of different sources of lepton candidates as a function of the lepton momentum P and transverse momentum P_T to jet axis. The MC B meson semileptonic decay simulation uses the ISGW^{∗∗} model [9] with a 23% D^{∗∗} fraction. A maximum likelihood fit is performed with lepton P, P_T dependent MC weights to extract A_b, A_c simultaneously. The preliminary results combining all 1993-1995 data are: A_b = 0.87 ± 0.07 (stat) ± 0.08 (sys)

A_c = 0.44 ± 0.11 (stat) ± 0.13 (sys).

The detailed list of the systematic errors can be found in Table 3. The statistical correlation between the A_b and A_c results is 18%. Among the presently significant systematics, jet axis simulation and MC weighting systematics are expected to reduce with improved analysis in the future.

3.3 The A_b measurement using momentum-weighted track charge

This is an improved measurement [10] from the analysis on the 1993 data [11]. This preliminary measurement using all 1993-1995 data, adopts a self-calibrated

Systematic source δA_b δA_c Systematic source δA_b δA_c Lepton mis-ID rate 0.020 0.026 b-fragmentation 0.004 0.016 Background asymmetry 0.010 0.026 c-fragmentation 0.010 0.026 Jet axis simulation 0.043 0.030 Br(b → c → ℓ) 0.003 0.030 MC weights 0.032 0.032 Br(b → τ → ℓ) 0.002 0.015 Tracking efficiency 0.012 0.009 Br(c → ℓ) 0.003 0.023 R_b = 0.218±0.002 –0.006 0.006 b → ℓ model 0.008 0.008 R_c = 0.171±0.014 0.006 –0.037 c → ℓ model 0.037 0.042 χ = 0.120±0.010 0.017 0.000 Beam polarization 0.011 0.006 Br(b → ℓ) = 10.80±0.78% –0.016 0.030 QCD correction 0.008 0.040 Br(b → c → ℓ) =9.3±1.6% 0.011 –0.075 Total systematic 0.078 0.132

Table 3: Systematic errors for A_b, A_c measurements using leptons.

technique to measure the analyzing power (AP) from the data, resulting in a much reduced MC dependency. The bb events are tagged at 61% efficiency by requiring ≥3 tracks with rϕ impact parameter > +3σ from the PV. The tagged sample contains 12000 events with 89% b-purity. The hemisphere momentumweighted track charge sum and difference for each event are calculated from Q_{sum} = X

tracks

q_i|(⃗p_i · T̂ )|^κ and Q_{diff} = − X

tracks q_i · sgn(⃗p_i · T̂ )|(⃗p_i · T̂ )|^κ where q_i and ⃗p_i are the track charge and momentum, and T̂ is the unit vector along the thrust axis, signed so that Q_{diff} > 0, making T̂ an estimator of the b quark direction. A value of κ = 0.5 ius chosen to maximize the AP. The taggedevent raw signed thrust axis cosθ distributions from left-handed and right-handed electron beams are shown in Fig. 3 for the 1994-1995 data. The correct b direction signing probability for an event with |Q| = |Q_{diff}| is parameterized as P (Q) = 1/(1 + e^{−αb |Q|}) where α_b is calibrated using the measured widths of the Q_{sum} and |Q_{diff} | distributions from the data. This calibration includes a correction for an ∼ 3% hemisphere charge correlation estimated from the MC, is mainly due to the event overall charge conservation imposed on the hadronization process. A maximum likelihood fit is used to extract A_b, taking into account |Q|-dependent AP and event flavor composition as a function of b-tag track multiplicity. The preliminary result, including all 1993-1995 data, is: A_b = 0.843 ± 0.046 (stat) ± 0.051 (sys).

A breakdown of systematic errors is listed in Table 4. Among the significant systematic errors, the hemisphere charge correlation systemic is estimated from the difference between various MC fragmentation models. The calibration statistical

Figure 3: Distributions of raw signed thrust axis cosθ for 1994-1995 data.

Systematic source δA_b/A_b α_b calibration statistics 3.4% P (Q) shape 1.0% cosθ dependence of α_b 1.5% Hemisphere charge correlation 3.7% Light flavor subtraction 0.2% cc analyzing power 0.2% b-tag flavor composition 2.6% A_c = 0.67 ± 0.07 1.0% A_{bckg} = 0 ± 0.50 0.6% Beam polarization 0.8% QCD correction 0.9% Total 6.2%

Table 4: Relative systematic errors on the A_b measurement using momentum weighted track charge.

error and b-tag composition systematic will improve with more data in the future and adjustments in the b-tag procedure.

3.4 The A_b measurement using identified charged kaons

The exploration of the abundant B → D → K^− decay signal for B/B separation has been widely promoted as a new technique for a variety of B physics measurements. This new preliminary measurement [12] is the first application of this technique for a b-asymmetry measurement. Charged kaons with a momentum of 3–20 GeV are identified using the gas-radiator data of the SLD Cerenkov Imaging Detector. The MC π → K mis-identification rate is corrected via a calibration using tracks in the 1-prong and 3-prong τ decays that have well known small rates of K^± production.

The bb events are selected with a 2D impact parameter tag similar to that described in the last subsection. Particle identifications corresponding to a K : π efficiency ratio of ∼ 12 : 1 are performed on selected tracks with an rϕ impact parameter > +1.5σ. The kaon candidate charges are summed in each hemisphere and the difference between the two hemisphere charges is used to determine the polarity of the thrust axis for b-quark direction. The kaon charge signing is successful for 30% of the tagged events, and 71% of the bb events have correct b direction signing. For events with both hemispheres signed by kaons, the hemisphere charge opposite-sign fractions are 62.4 ± 2.9% and 61.9 ± 1.5% in the data and MC, respectively. This gives a consistency check of the MC analyzing power.

The udsc background subtracted left-right forward-backward b asymmetry, Ã^{corr}_{data}, is then formed as a function of cosθ. The Ã^b_{MC} is formed from MC b events through the same analysis. The A_b measurement is obtained by scaling Ã^b_{MC} to fit the data, as shown in Fig. 4. This fit effectively includes QCD corrections as in the JETSET MC. The preliminary result from the 1994-1995 data is: A_b = 0.91 ± 0.09 (stat) ± 0.09 (sys).

The systematic errors are listed in Table 5. Most of the detector and physics systematics associated with the uncertainty of b-event analyzing power can be removed with a calibration from the double hemisphere charge comparison, trading for a calibration statistical error when more data are included in the future.

Figure 4: Distribution of kaon signed leftright forward-backward asymmetry.

Systematic source δA_b/A_b Kaon mis-ID 0.053 Tracking efficiency 0.019 MC statistics 0.030 B production/mixing 0.040 B → D model 0.011 B vertex K yield 0.041 Charm decay K yield 0.030 uds K production 0.011 b, c-fragmentation 0.007 Tag composition 0.002 A_c = 0.666 ± 0.070 –0.014 Beam polarization 0.007 QCD correction 0.009 Total systematic 0.094

Table 5: Systematics of the A_b measurement using identified K^±.

3.5 The combined A_b, A_c results

The preliminary SLD measurements presented in this section are combined with a simultaneous fit to A_b and A_c, taking into account the systematic correlations between measurements. The assumed values and uncertainties of other related parameters are listed, together with the combined results in Table 6. These results can be compared with the average LEP measurements of A_b = 0.884 ± 0.032 and A_c = 0.642 ± 0.053, as well as with the SM prediction of A_b = 0.935 and A_c = 0.666. The LEP averages are derived from the A^{0,b}_{FB} and A^{0,c}_{FB} results [4], assuming A_e = 0.1506 ± 0.0028 from a combination of the SLD A_{LR} and the LEP A_ℓ results mentioned in Section 1.

Assumed parameters R_b 0.218 ± 0.002 R_c 0.171 ± 0.014 Br(b → ℓ) (%) 10.80 ± 0.78 Br(b → c → ℓ (%) 9.3 ± 1.6 B mixing χ 0.130 ± 0.010 Combined results A_b 0.858 ± 0.054 A_c 0.577 ± 0.097 A_b, A_c correlation 12.3%

Table 6: Combined SLD A_b, A_c results and assumed parameter values.

Figure 5: Zbb coupling parity violation versus sin^2 θ^{eff}_W .

Following the scheme of a full Zbb coupling analysis proposed by Takeuchi et al. [13], the deviations from the SM can be generally represented as a cross section like variable ξ_b and a parity violation like variable ζ_b, in addition to δ sin^2 θ^{eff}_W . The ζ_b versus δ sin^2 θ^{eff}_W plot for various current experimental results is shown in Fig. 5. The SM point at (0,0) is defined by m_t=180 GeV, m_H =300 GeV, α_s=0.117 and α_{em}=1/128.96. The thin horizontal band around (0,0) corresponds to the SM m_t, m_H variations indicated in the plot. The 68% and 90% C.L. contours for the best fit to all measurements are also shown.

References

[1] SLD Collab.: K. Abe et al., Phys. Rev. Lett. 73, 25 (1994). [2] ALEPH Collab.: D. Buskulic et al, Phys. Lett. B313, 535 (1993). [3] SLD Collab.: K. Abe et al., contribution (EPS0222) to the International Euro-Physics Conference on High Energy Physics, Brussels, July 5.

[4] A. Olchevski, talk presented at the International Euro-Physics Conference on High Energy Physics, Brussels, July 95.

[5] SLD Collab.: K. Abe et al., SLAC–PUB–6569, Submit. to Phys. Rev. D [6] SLD Collab.: K. Abe et al., SLAC–PUB–6681, Submit. to Phys. Rev. Lett. [7] A. Djouadi, J. Kühn, and P. Zerwas, Z. Phys. C46, 411 (1990); G. Altarelli and B. Lampe, Nucl. Phys. 391, 3 (1993); J. B. Stav and H. A. Olsen, private communication.

[8] SLD Collab.: K. Abe et al., Phys. Rev. Lett. 74, 2895 (1995). [9] N. Isgur, D. Scora, B. Grinstein, and M. B. Wise, Phys. Rev. D39, 799 (1989); Code provided by P. Kim and CLEO Collaboration.

[10] SLD Collab.: K. Abe et al., contribution (EPS0250) to the International Euro-Physics Conference on High Energy Physics, Brussels, July 95.

[11] SLD Collab.: K. Abe et al., Phys. Rev. Lett. 74, 2890 (1995). [12] SLD Collab.: K. Abe et al., contribution (EPS0251) to the International Euro-Physics Conference on High Energy Physics, Brussels, July 95.

[13] T. Takeuchi, A. Grant, J. Rosner, FermiLab–Conf–94/279–T, talk presented at the DPF’94 Meeting, Albuquerque, NM, August 94.

The SLD Collboration

K. Abe,^{(29)} I. Abt,^{(14)} C.J. Ahn,^{(26)} T. Akagi,^{(27)} N.J. Allen,^{(4)} W.W. Ash,^{(27,†)} D. Aston,^{(27)} K.G. Baird,^{(25)} C. Baltay,^{(33)} H.R. Band,^{(32)} M.B. Barakat,^{(33)} G. Baranko,^{(10)} O. Bardon,^{(16)} T. Barklow,^{(27)} A.O. Bazarko,^{(11)} R. Ben-David,^{(33)} A.C. Benvenuti,^{(2)} T. Bienz,^{(27)} G.M. Bilei,^{(22)} D. Bisello,^{(21)} G. Blaylock,^{(7)} J.R. Bogart,^{(27)} T. Bolton,^{(11)} G.R. Bower,^{(27)} J.E. Brau,^{(20)} M. Breidenbach,^{(27)} W.M. Bugg,^{(28)} D. Burke,^{(27)} T.H. Burnett,^{(31)} P.N. Burrows,^{(16)} W. Busza,^{(16)} A. Calcaterra,^{(13)} D.O. Caldwell,^{(6)} D. Calloway,^{(27)} B. Camanzi,^{(12)} M. Carpinelli,^{(23)} R. Cassell,^{(27)} R. Castaldi,^{(23)(a)} A. Castro,^{(21)} M. Cavalli-Sforza,^{(7)} E. Church,^{(31)} H.O. Cohn,^{(28)} J.A. Coller,^{(3)} V. Cook,^{(31)} R. Cotton,^{(4)} R.F. Cowan,^{(16)} D.G. Coyne,^{(7)} A. D’Oliveira,^{(8)} C.J.S. Damerell,^{(24)} M. Daoudi,^{(27)} R. De Sangro,^{(13)} P. De Simone,^{(13)} R. Dell’Orso,^{(23)} M. Dima,^{(9)} P.Y.C. Du,^{(28)} R. Dubois,^{(27)} B.I. Eisenstein,^{(14)} R. Elia,^{(27)} E. Etzion,^{(4)} D. Falciai,^{(22)} M.J. Fero,^{(16)} R. Frey,^{(20)} K. Furuno,^{(20)} T. Gillman,^{(24)} G. Gladding,^{(14)} S. Gonzalez,^{(16)} G.D. Hallewell,^{(27)} E.L. Hart,^{(28)} Y. Hasegawa,^{(29)} S. Hedges,^{(4)} S.S. Hertzbach,^{(17)} M.D. Hildreth,^{(27)} J. Huber,^{(20)} M.E. Huffer,^{(27)} E.W. Hughes,^{(27)} H. Hwang,^{(20)} Y. Iwasaki,^{(29)} D.J. Jackson,^{(24)} P. Jacques,^{(25)} J. Jaros,^{(27)} A.S. Johnson,^{(3)} J.R. Johnson,^{(32)} R.A. Johnson,^{(8)} T. Junk,^{(27)} R. Kajikawa,^{(19)} M. Kalelkar,^{(25)} H. J. Kang,^{(26)} I. Karliner,^{(14)} H. Kawahara,^{(27)} H.W. Kendall,^{(16)} Y. Kim,^{(26)} M.E. King,^{(27)} R. King,^{(27)} R.R. Kofler,^{(17)} N.M. Krishna,^{(10)} R.S. Kroeger,^{(18)} J.F. Labs,^{(27)} M. Langston,^{(20)} A. Lath,^{(16)} J.A. Lauber,^{(10)} D.W.G. Leith,^{(27)} M.X. Liu,^{(33)} X. Liu,^{(7)} M. Loreti,^{(21)} A. Lu,^{(6)} H.L. Lynch,^{(27)} J. Ma,^{(31)} G. Mancinelli,^{(22)} S. Manly,^{(33)} G. Mantovani,^{(22)} T.W. Markiewicz,^{(27)} T. Maruyama,^{(27)} R. Massetti,^{(22)} H. Masuda,^{(27)} E. Mazzucato,^{(12)} A.K. McKemey,^{(4)} B.T. Meadows,^{(8)} R. Messner,^{(27)} P.M. Mockett,^{(31)} K.C. Moffeit,^{(27)} B. Mours,^{(27)} G. Müller,^{(27)} D. Muller,^{(27)} T. Nagamine,^{(27)} U. Nauenberg,^{(10)} H. Neal,^{(27)} M. Nussbaum,^{(8)} Y. Ohnishi,^{(19)} L.S. Osborne,^{(16)} R.S. Panvini,^{(30)} H. Park,^{(20)} T.J. Pavel,^{(27)} I. Peruzzi,^{(13)(b)} M. Piccolo,^{(13)} L. Piemontese,^{(12)} E. Pieroni,^{(23)} K.T. Pitts,^{(20)} R.J. Plano,^{(25)} R. Prepost,^{(32)} C.Y. Prescott,^{(27)} G.D. Punkar,^{(27)} J. Quigley,^{(16)} B.N. Ratcliff,^{(27)} T.W. Reeves,^{(30)} J. Reidy,^{(18)} P.E. Rensing,^{(27)} L.S. Rochester,^{(27)} J.E. Rothberg,^{(31)} P.C. Rowson,^{(11)} J.J. Russell,^{(27)} O.H. Saxton,^{(27)} S.F. Schaffner,^{(27)} T. Schalk,^{(7)} R.H. Schindler,^{(27)} U. Schneekloth,^{(16)} B.A. Schumm,^{(15)} A. Seiden,^{(7)} S. Sen,^{(33)} V.V. Serbo,^{(32)} M.H. Shaevitz,^{(11)} J.T. Shank,^{(3)} G. Shapiro,^{(15)} S.L. Shapiro,^{(27)} D.J. Sherden,^{(27)} K.D. Shmakov,^{(28)} C. Simopoulos,^{(27)} N.B. Sinev,^{(20)} S.R. Smith,^{(27)} J.A. Snyder,^{(33)} P. Stamer,^{(25)} H. Steiner,^{(15)} R. Steiner,^{(1)} M.G. Strauss,^{(17)} D. Su,^{(27)} F. Suekane,^{(29)} A. Sugiyama,^{(19)} S. Suzuki,^{(19)} M. Swartz,^{(27)} A. Szumilo,^{(31)} T. Takahashi,^{(27)} F.E. Taylor,^{(16)} E. Torrence,^{(16)} J.D. Turk,^{(33)} T. Usher,^{(27)} J. Va’vra,^{(27)} C. Vannini,^{(23)} E. Vella,^{(27)} J.P. Venuti,^{(30)} R. Verdier,^{(16)} P.G. Verdini,^{(23)} S.R. Wagner,^{(27)} A.P. Waite,^{(27)} 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.A. Williams,^{(7)} D.C. Williams,^{(16)} S.H. Williams,^{(27)} S. Willocq,^{(33)} R.J. Wilson,^{(9)} W.J. Wisniewski,^{(5)} M. Woods,^{(27)} G.B. Word,^{(25)} J. Wyss,^{(21)} R.K. Yamamoto,^{(16)} J.M. Yamartino,^{(16)} X. Yang,^{(20)} S.J. Yellin,^{(6)} C.C. Young,^{(27)} H. Yuta,^{(29)} G. Zapalac,^{(32)} R.W. Zdarko,^{(27)} C. Zeitlin,^{(20)} Z. Zhang,^{(16)} and J. Zhou,^{(20)}

(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)California Institute of Technology, Pasadena, California 91125 (6)University of California at Santa Barbara, Santa Barbara, California 93106 (7)University of California at Santa Cruz, Santa Cruz, California 95064 (8)University of Cincinnati, Cincinnati, Ohio 45221 (9)Colorado State University, Fort Collins, Colorado 80523

(10)University of Colorado, Boulder, Colorado 80309 (11)Columbia University, New York, New York 10027 (12)INFN Sezione di Ferrara and Università di Ferrara, I-44100 Ferrara, Italy (13)INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy (14)University of Illinois, Urbana, Illinois 61801 (15)Lawrence Berkeley Laboratory, University of California, Berkeley, California

94720

(16)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 (17)University of Massachusetts, Amherst, Massachusetts 01003 (18)University of Mississippi, University, Mississippi 38677 (19)Nagoya University, Chikusa-ku, Nagoya 464 Japan (20)University of Oregon, Eugene, Oregon 97403 (21)INFN Sezione di Padova and Università di Padova, I-35100 Padova, Italy (22)INFN Sezione di Perugia and Università di Perugia, I-06100 Perugia, Italy (23)INFN Sezione di Pisa and Università di Pisa, I-56100 Pisa, Italy (25)Rutgers University, Piscataway, New Jersey 08855 (24)Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United

Kingdom

(26)Sogang University, Seoul, Korea (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