SLAC-PUB-7959 December 98

Direct Measurement of A_b in Z^0 Decays using Charged Kaon Tagging^1

The SLD Collaboration^† Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

Abstract

We present a direct measurement of the parity-violating asymmetry A_b in the Z^0 to bb coupling using a new technique to distinguish the b and b quarks using charged kaons from B decays. The Z^0 bosons are produced in e^+e^− collisions at the SLC with longitudinally polarized electrons. bb events are selected using a secondary vertex mass tag and A_b is determined from the left-right forward-backward asymmetry. From the 1994-1995 data sample of 100,000 hadronic Z^0 decays, we obtain A_b = 0.855 � 0.088_{stat} � 0.102_{sys}.

Submitted to Physical Review Letters

1This work was supported 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 Particle Physics and Astronomy 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).

The measurement of the Z^0 to b quark coupling asymmetry provides a precision test of the Standard Model (SM) of electroweak interactions, which is especially interesting. Physics beyond the SM may couple more strongly to the third generation fermions, producing larger changes in b couplings than in other quark couplings. A variety of distinctive characteristics of the b hadron decays have also made these measurements particularly attractive experimentally. Parity violation in Zbb couplings can be expressed in terms of the combination of left-handed (g^b_L) and right-handed (g^b_R) couplings, as A_b = (g^b_L^2 −g^b_R^2)/(g^b_L^2 +g^b_R^2). The measurement of A_b is particularly sensitive to possible deviations from the predicted right-handed coupling, complementary to the measurement of R_b ≡ Γ(Z^0 → bb)/Γ(Z^0 → Hadrons) which is more sensitive to the left-handed coupling. With the availability of longitudinal electron beam polarization P_e, A_b can be measured directly from the left-right forward-backward asymmetry for e^+e^− → Z^0 → bb events,

Ã^b_{F B}(cos θ) = [σ^{bL}(cos θ) − σ^{bL}(− cos θ)] − [σ^{bR}(cos θ) − σ^{bR}(− cos θ)] [σ^b_L(cos θ) + σ^b_L(− cos θ)] + [σ^b_R(cos θ) + σ^b_R(− cos θ)] = |P_e|A_b 2 cos θ 1 + cos^2 θ

, (1)

where σ^b_L and σ^b_R are the cross sections of Z^0 → bb decays produced with a predominantly left-handed (negative helicity) or right-handed (positive helicity) electron beam, respectively, and θ is the b quark production polar angle with respect to the electron beam direction. In contrast, the conventional forward-backward b asymmetry A^b_{F B} =^3_4 A_eA_b as measured at LEP [1] with unpolarized beams, is a compound variable also sensitive to the initial state Zee coupling parameter A_e. A large value of |P_e| from a highly polarized electron beam produces a raw asymmetry which is much larger than A^b_{F B} and so enhances sensitivity to A_b. The current value of the electroweak mixing angle sin^2θ_W derived from measurements of pure Z-lepton couplings differs from that derived from A^b_{F B} by ∼ 2.5σ [1]. The direct measurement of A_b can determine whether an anomalous Zbb coupling is the source of this discrepancy.

Direct measurements of A_b using left-right forward-backward asymmetries have been performed previously by SLD [2], in which the b and b quarks were distinguished using momentum weighted track charge or the charge of decay leptons. In this paper, we present the first application of a new technique for distinguishing b and b quarks using identified K^±, to an asymmetry measurement. This technique exploits the correlation between the kaon charge and the parent B flavor from the dominant b → c → s cascade decay. This technique is expected to be one of the most powerful B flavor tagging tools for future B physics experiments. We demonstrate with this measurement that it can already be very effectively employed. The analysis procedure begins with a selection of bb events using the vertex detector. Tracks associated with the B decay vertex and identified as K^± are used to distinguish b and b quarks. A fit to the left-right forward-backward asymmetry as a function of the event thrust cos θ_{thrust} determines A_b, using the Monte Carlo (MC) as a fitting function.

The operation of the SLAC Linear Collider (SLC) with a polarized electron beam has been described previously [3]. During the 1994-1995 running period, SLD recorded ∼100,000 hadronic Z^0 decays at a mean center of mass energy of 91.28 GeV with an average longitudinal electron beam polarization of 77.2±0.5% [3]. Charged particle tracking is provided by the Central Drift Chamber (CDC) and a CCD-based pixel vertex detector (VXD) within a uniform axial magnetic field of 0.6T. The Liquid Argon Calorimeter is used for the triggering and selection of the events, as well as for determination of the event thrust axis. A more detailed description of the above detector components, the tracking performance and the precision primary vertex determination procedure can be found in [4]. Central to this analysis is the identification of K^± provided by the barrel Cherenkov Ring Imaging Detector (CRID) [5]. Using a combination of liquid and gaseous radiators, the CRID provides efficient K-π separation over the momentum range 0.3 < p < 30 GeV/c, and K-p separation over the ranges 0.75 < p < 5 and 9 < p < 50 GeV/c for tracks within | cos θ| < 0.67.

Our MC simulation of Z^0 →Hadrons uses the JETSET 7.4 [6] generator framework. The decays of charmed mesons and baryons are simulated according to measured branching ratios [7]. The B meson decay simulation is based on the QQ MC program from the CLEO collaboration. The B decay daughter momentum spectra in the B rest frame for leptons, charm mesons, π^±, K^±, K^0 and protons are tuned to closely reproduce the CLEO and ARGUS inclusive measurements [8, 9]. The MC detector simulation is based on GEANT 3.21.

Hadronic Z^0 decay events are selected [4] by requiring that the event total visible energy from charged tracks is >18 GeV and there are ≥7 CDC tracks. The event thrust axis is required to be within |cosθ_{thrust}| < 0.70. The CDC, VXD and CRID must be all in normal operation. A fiducial set of 54638 Z^0 events is obtained from the 1994-95 data. The corresponding sample of MC events is 172K, plus an additional 163K bb only MC events.

A set of ‘quality tracks’ is selected according to the criteria in [4] to tag bb events and to identify kaons. Particle identification (ID) information from the CRID liquid (gas) system is considered for quality tracks in the momentum range 1.3-9 (2.5-17) GeV/c that satisfy a set of ‘identifiability’ criteria [10]: the track must extrapolate through an active region of the liquid (gaseous) radiator; at least 50% (80%) of the expected ring must be contained within an active region of a photon detector; if the track extrapolates through an active photon detector, there must be an ionization signal in that photon detector; if the track does not extrapolate through an active photon detector, it must have either P < 2.5 GeV/c or at least four hits consistent with a liquid ring. For tracks with 2.5 < p < 9 GeV/c, both liquid and gas information are required. Of the quality tracks in the fiducial volume of | cos θ| < 0.67, 74% are identifiable.

For each identifiable track, log-likelihoods L_i [5, 11] are calculated for the pion, kaon and proton hypotheses, combining liquid and gas information. A track is identified as a charged kaon if L_K − L_π > 5(3) and L_K − L_p > −1 for tracks in the momentum range 1.3-2.5 (2.5-17) GeV/c. The efficiency for correctly identifying a kaon which satisfies the above selection criteria is estimated to be 69% on average, roughly independent of momentum and cos θ. The MC efficiency is calibrated [5, 10] using the measured proton and pion tracks from tagged Λ^0 and K^0_s decays. The probability for misidentifying a pion as a kaon has also been measured from the K^0_s data, and varies from 1.5% at low momentum to up to 10% at high momentum. The background from misidentified protons is small and estimated from the simulation. Overall, the kaon sample purity is 76%.

To isolate the kaons from B decays, bb events are tagged using the invariant mass of topologically reconstructed secondary vertices [12] at a distance >1mm from the primary vertex. The tagging efficiency is enhanced by correcting the reconstructed vertex mass for missing transverse momentum, which partially accounts for neutral particles. The vertexing procedure is applied separately to the two hemispheres of each event which are defined by the plane perpendicular to the thrust axis. A sample of 7473 data events is selected after requiring the corrected vertex mass to be >1.8 GeV/c^2 in either hemisphere of an event, corresponding to a b-tag efficiency of 62% and a b-purity of 96.0±0.6% derived from hemisphere tag and event double tag rates in the data. The background is mainly cc events. The B decay track candidates are selected from hemispheres with a clearly separated secondary vertex, based on the longitudinal and transverse positions of the track at its 3D closest approach to the line between the secondary vertex and the primary vertex. The fraction of true B decay tracks among all selected track candidates is 97%.

The K^± identification procedure is applied to the selected B decay tracks in the tagged hemispheres. The momentum distribution of the selected B decay kaon candidates is shown in Fig. 1, displaying good agreement between data and MC. The charges of the kaon candidates in each hemisphere are then summed. A negative (positive) kaon charge sum tags the b (b) hemisphere. Events are rejected if both hemispheres have the same sign for the kaon charge sum. Multiple kaon candidates with zero net charge are found in 8.3±0.5% of the hemispheres with kaon candidates, in agreement with the MC expectation of 8.3%. There are 2772 events in the data with successful kaon charge tags. The MC indicates that the b quark charge is correctly signed for ⟨p_{correct}⟩=71.8% of the selected bb events. A cross check is made using events with both hemispheres having kaon tags. The opposite sign fraction of 57.8±3.1% in the data agrees with the MC value of 58.2±0.8%.

The b quark production direction is approximated by the thrust direction and signed according to the observed kaon charge. Binned distributions of cosθ_{thrust} are formed for the left- and right-handed electron beam polarizations separately. The small udsc background as estimated from the MC is subtracted to obtain the polar angle distribution for pure bb events. The left-right forward-backward asymmetry, Ã^{meas}_{F B} (cos θ) = α(cos θ)Ã^b_{F B}(cos θ), is then formed according to Eq.(1) for both data and MC, where α(cos θ) = 2p_{correct}(cos θ) − 1 is the analyzing power of the kaon charge tag. The MC Ã^{meas}_{F B} distribution is used as the fitting function in a χ^2 fit to the data. A cos θ-independent scaling factor is the only free parameter, and corresponds to the ratio between the A_b value in the data and the generated A_b value in the MC. The left-right forward-backward asymmetry distributions for the data and best fit MC are shown in Fig.2. The fit χ^2 is 6.2/6.

The fitting procedure has effectively included the QCD radiative corrections as generated in the JETSET MC, and has naturally taken into account any analysis bias to the QCD correction. In order to make the treatment of QCD corrections consistent with other direct measurements of A_b from SLD [2], which take the effect of b-quark mass into account at leading order [13], a correction of -0.5% is applied, resulting in a measurement of A_b = 0.855 ± 0.088 (statistical).

The systematic errors are summarized in Table 1. Due to the formulation of the double asymmetry in Ã_{F B}, many effects of detector non-uniformity cancel. Among the remaining detector systematic effects, the uncertainties in π → K mis-ID and kaon ID efficiency are due to the statistical errors in the calibration procedures from the K^0_s → π^+π^− and Λ^0 → pπ^− data samples. Small discrepancies between the data and MC in the average multiplicities of quality tracks and the fraction of quality tracks passing the additional particle ID quality cuts are corrected for. The effects of the full corrections are included as systematic errors.

By far the dominant systematic uncertainty is due to the uncertainty in the K^+/K^− production ratio in B meson decays, which directly affects the analyzing power of the K^± tag. We have adjusted the MC to match the ARGUS measurement [9] of average production rates and momentum distribution of kaons from B_u and B_d mesons. The B → K^+ and B → K^− rates are varied independently according to the respective experimental errors and the resulting changes in A_b are added in quadrature. This is a conservative estimate, as many systematic errors in the ARGUS measurement are common to the K^+ and K^−, and should cancel in the K^+/K^− production ratio, which is relevant for this measurement.

The kaon momentum distribution shape uncertainty is estimated from the difference between two B decay models which have either enhanced kaon sources from B → DDX or ss production in W fragmentation. The b-fragmentation modelling is based on a phenomenological parameterization [14] of B hadron momentum distribution which provides a good description of data. The b-fragmentation systematic uncertainty includes the effect of a wide range of variation of the average scaled B hadron energy ⟨x_E⟩ as well as an alternative model with the Peterson fragmentation function shape. The systematic uncertainty from kaon production in charmed hadron decays is estimated for charmed hadrons produced in B_s meson and b-baryon decays, and from cc background events, based on the Mark-III measurements [15].

The uncertainty in the udsc background fraction is estimated as in our R_b measurement [12] and the effect on A_b is found to be very small. Varying R_b and R_c by their current measurement uncertainties yields negligible effects on A_b. The insensitivity to background fractions is due to the high b purity and the fact that the raw asymmetry of cc events has the same sign and similar magnitude to the bb events. The systematic error assigned to the QCD correction includes uncertainties in the 2nd order QCD corrections and α_s, in the bias due to event selection criteria in the analysis, and quark mass effect in the matrix elements.

In summary, we have performed a direct measurement of A_b from the left-right forwardbackward asymmetry using the highly polarized electron beam at the SLC. This measurement demonstrates the effectiveness of a new technique of b-quark charge tagging using identified kaons together with a high purity b-tag. We obtain A_b = 0.855 ± 0.088_{stat} ± 0.102_{sys}, consistent with the Standard Model expectation of 0.935 and other direct measurements of A_b [2] from SLD. The systematic uncertainties are very different from other measurement techniques and will be significantly reduced with a larger data sample, which will enable the analyzing power to be determined directly from the data.

We thank the personnel of the SLAC accelerator department and the technical staffs of our collaborating institutions for their outstanding efforts on our behalf. This work was supported by the U.S. Department of Energy and National Science Foundation, the UK Particle Physics and Astronomy Research Council, the Istituto Nazionale di Fisica Nucleare of Italy, the Japan-US Cooperative Research Project on High Energy Physics, and the Korea Science and Engineering Foundation.

References

[1] The LEP collaborations and the LEP electroweak working group, CERN-PPE/97-154 and references therein.

[2] K. Abe et al., Phys. Rev. Lett. 81, 942 (1998); Phys. Rev. Lett. 74, 2895 (1995).

[3] K. Abe et al., Phys. Rev. Lett. 78, 2075 (1997).

[4] K. Abe et al., Phys. Rev. D53, 1023 (1996).

[5] K. Abe et al., SLAC-PUB-7766, to appear in Phys. Rev. D.

[6] T. Sjöstrand et al., Comp. Phys. Comm. 82, 74 (1994).

[7] The Particle Data Group, Phys. Rev. D50, Part I (1996).

[8] B. Barish et al., Phys. Rev. Lett. 76, 1570 (1996); L. Gibbons et al., Phys. Rev. D56, 2783 (1997).

[9] H. Albrecht et al., Z. Phys. C58, 191 (1993); Z. Phys. C62, 371 (1994). [10] Kenji Abe, Ph.D thesis, Nagoya University, 1998, SLAC-REPORT-532. [11] K. Abe et al., Nucl. Instr. & Meth. A371, 195 (1996).

[12] D. J. Jackson, Nucl. Instr. & Meth. A388, 247 (1997); K. Abe et al., Phys. Rev. Lett.

80, 660 (1998).

[13] J. B. Stav and H. A. Olsen, Phys. Rev. D52, 1359 (1995); Phys. Rev. D50, 6775 (1994). [14] D. Buskulic et al., Phys. Lett. B357, 699 (1995). [15] D. Coffman et al., Phys. Lett. B263, 135 (1991).

†The SLD Collaboration

Kenji Abe,^{(20)} Koya Abe,^{(32)} T. Abe,^{(28)} I.Adam,^{(28)} T. Akagi,^{(28)} N. J. Allen,^{(4)} A. Arodzero,^{(21)} W.W. Ash,^{(28),∗} D. Aston,^{(28)} K.G. Baird,^{(16)} C. Baltay,^{(38)} H.R. Band,^{(37)} M.B. Barakat,^{(15)} O. Bardon,^{(18)} T.L. Barklow,^{(28)} G. L. Bashindzhagyan,^{(19)} J.M. Bauer,^{(17)} G. Bellodi,^{(22)} R. Ben-David,^{(38)} A.C. Benvenuti,^{(3)} G.M. Bilei,^{(24)} D. Bisello,^{(23)} G. Blaylock,^{(16)} J.R. Bogart,^{(28)} B. Bolen,^{(17)} G.R. Bower,^{(28)} J. E. Brau,^{(21)} M. Breidenbach,^{(28)} W.M. Bugg,^{(31)} D. Burke,^{(28)} T.H. Burnett,^{(36)} P.N. Burrows,^{(22)} R.M. Byrne,^{(18)} A. Calcaterra,^{(11)} D. Calloway,^{(28)} B. Camanzi,^{(10)} M. Carpinelli,^{(25)} R. Cassell,^{(28)} R. Castaldi,^{(25)} A. Castro,^{(23)} M. Cavalli-Sforza,^{(34)} A. Chou,^{(28)} E. Church,^{(36)} H.O. Cohn,^{(31)} J.A. Coller,^{(5)} M.R. Convery,^{(28)} V. Cook,^{(36)} R. Cotton,^{(4)} R.F. Cowan,^{(18)} D.G. Coyne,^{(34)} G. Crawford,^{(28)} C.J.S. Damerell,^{(26)} M. N. Danielson,^{(7)} M. Daoudi,^{(28)} N. de Groot,^{(28)} R. Dell’Orso,^{(24)} P.J. Dervan,^{(4)} R. de Sangro,^{(11)} M. Dima,^{(9)} A. D’Oliveira,^{(6)} D.N. Dong,^{(18)} M. Doser,^{(28)} R. Dubois,^{(28)} B.I. Eisenstein,^{(12)} V. Eschenburg,^{(17)} E. Etzion,^{(37)} S. Fahey,^{(7)} D. Falciai,^{(11)} C. Fan,^{(7)} J.P. Fernandez,^{(34)} M.J. Fero,^{(18)} K.Flood,^{(16)} R. Frey,^{(21)} T. Gillman,^{(26)} G. Gladding,^{(12)} S. Gonzalez,^{(18)} E. R. Goodman,^{(7)} E.L. Hart,^{(31)} J.L. Harton,^{(9)} A. Hasan,^{(4)} K. Hasuko,^{(32)} S. J. Hedges,^{(5)} S.S. Hertzbach,^{(16)} M.D. Hildreth,^{(28)} J. Huber,^{(21)} M.E. Huffer,^{(28)} E.W. Hughes,^{(28)} X.Huynh,^{(28)} H. Hwang,^{(21)} M. Iwasaki,^{(21)} D. J. Jackson,^{(26)} P. Jacques,^{(27)} J.A. Jaros,^{(28)} Z.Y. Jiang,^{(28)} A.S. Johnson,^{(28)} J.R. Johnson,^{(37)} R.A. Johnson,^{(6)} T. Junk,^{(28)} R. Kajikawa,^{(20)} M. Kalelkar,^{(27)} Y. Kamyshkov,^{(31)} H.J. Kang,^{(27)} I. Karliner,^{(12)} H. Kawahara,^{(28)} Y. D. Kim,^{(29)} R. King,^{(28)} M.E. King,^{(28)} R.R. Kofler,^{(16)} N.M. Krishna,^{(7)} R.S. Kroeger,^{(17)} M. Langston,^{(21)} A. Lath,^{(18)} D.W.G. Leith,^{(28)} V. Lia,^{(18)} C.-J. S. Lin,^{(16)} X. Liu,^{(34)} M.X. Liu,^{(38)} M. Loreti,^{(23)} A. Lu,^{(33)} H.L. Lynch,^{(28)} J. Ma,^{(36)} M. Mahjouri,^{(18)} G. Mancinelli,^{(27)} S. Manly,^{(38)} G. Mantovani,^{(24)} T.W. Markiewicz,^{(28)} T. Maruyama,^{(28)} H. Masuda,^{(28)} E. Mazzucato,^{(10)} A.K. McKemey,^{(4)} B.T. Meadows,^{(6)} G. Menegatti,^{(10)} R. Messner,^{(28)} P.M. Mockett,^{(36)} K.C. Moffeit,^{(28)} T.B. Moore,^{(38)} M.Morii,^{(28)} D. Muller,^{(28)} V.Murzin,^{(19)} T. Nagamine,^{(32)} S. Narita,^{(32)} U. Nauenberg,^{(7)} H. Neal,^{(28)} M. Nussbaum,^{(6),∗} N.Oishi,^{(20)} D. Onoprienko,^{(31)} L.S. Osborne,^{(18)} R.S. Panvini,^{(35)} H. Park,^{(21)} C. H. Park,^{(30)} T.J. Pavel,^{(28)} I. Peruzzi,^{(11)} M. Piccolo,^{(11)} L. Piemontese,^{(10)} E. Pieroni,^{(25)} K.T. Pitts,^{(21)} R.J. Plano,^{(27)} R. Prepost,^{(37)} C.Y. Prescott,^{(28)} G.D. Punkar,^{(28)} J. Quigley,^{(18)} B.N. Ratcliff,^{(28)} T.W. Reeves,^{(35)} J. Reidy,^{(17)} P.L. Reinertsen,^{(34)} P.E. Rensing,^{(28)} L.S. Rochester,^{(28)} P.C. Rowson,^{(8)} J.J. Russell,^{(28)} O.H. Saxton,^{(28)} T. Schalk,^{(34)} R.H. Schindler,^{(28)} B.A. Schumm,^{(34)} J. Schwiening,^{(28)} S. Sen,^{(38)} V.V. Serbo,^{(28)} M.H. Shaevitz,^{(8)} J.T. Shank,^{(5)} G. Shapiro,^{(14)} D.J. Sherden,^{(28)} K. D. Shmakov,^{(31)} C. Simopoulos,^{(28)} N.B. Sinev,^{(21)} S.R. Smith,^{(28)} M. B. Smy,^{(9)} J.A. Snyder,^{(38)} H. Staengle,^{(9)} A. Stahl,^{(28)} P. Stamer,^{(27)} R. Steiner,^{(1)} H. Steiner,^{(14)} M.G. Strauss,^{(16)} D. Su,^{(28)} F. Suekane,^{(32)} A. Sugiyama,^{(20)} S. Suzuki,^{(20)} M. Swartz,^{(13)} A. Szumilo,^{(36)} T. Takahashi,^{(28)} F.E. Taylor,^{(18)} J. Thom,^{(28)} E. Torrence,^{(18)} N. K. Toumbas,^{(28)} T. Usher,^{(28)} C. Vannini,^{(25)} J. Va’vra,^{(28)} E. Vella,^{(28)} J.P. Venuti,^{(35)} R. Verdier,^{(18)} P.G. Verdini,^{(25)} S.R. Wagner,^{(28)} D. L. Wagner,^{(7)} A.P. Waite,^{(28)} S. Walston,^{(21)} J.Wang,^{(28)} C. Ward,^{(4)} S.J. Watts,^{(4)} A.W. Weidemann,^{(31)} E. R. Weiss,^{(36)} J.S. Whitaker,^{(5)} S.L. White,^{(31)} F.J. Wickens,^{(26)} B. Williams,^{(7)} D.C. Williams,^{(18)} S.H. Williams,^{(28)} S. Willocq,^{(28)} R.J. Wilson,^{(9)} W.J. Wisniewski,^{(28)} J. L. Wittlin,^{(16)} M. Woods,^{(28)} G.B. Word,^{(35)} T.R. Wright,^{(37)} J. Wyss,^{(23)} R.K. Yamamoto,^{(18)} J.M. Yamartino,^{(18)} X. Yang,^{(21)} J. Yashima,^{(32)} S.J. Yellin,^{(33)} C.C. Young,^{(28)} H. Yuta,^{(2)} G. Zapalac,^{(37)} R.W. Zdarko,^{(28)} J. Zhou.^{(21)}

(The SLD Collaboration)

(1)Adelphi University, Garden City, New York 11530,

(2)Aomori University, Aomori, 030 Japan, (3)INFN Sezione di Bologna, I-40126, Bologna Italy, (4)Brunel University, Uxbridge, Middlesex, UB8 3PH United Kingdom, (5)Boston University, Boston, Massachusetts 02215, (6)University of Cincinnati, Cincinnati, Ohio 45221, (7)University of Colorado, Boulder, Colorado 80309, (8)Columbia University, New York, New York 10533, (9)Colorado State University, Ft. Collins, Colorado 80523,

(10)INFN Sezione di Ferrara and Universita di Ferrara, I-44100 Ferrara, Italy, (11)INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy, (12)University of Illinois, Urbana, Illinois 61801, (13)Johns Hopkins University, Baltimore, Maryland 21153, (14)Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720, (15)Louisiana Technical University - Ruston,LA 71272, (16)University of Massachusetts, Amherst, Massachusetts 01003, (17)University of Mississippi, University, Mississippi 38677, (18)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, (19)Institute of Nuclear Physics, Moscow State University, 119899, Moscow Russia, (20)Nagoya University, Chikusa-ku, Nagoya 464 Japan, (21)University of Oregon, Eugene, Oregon 97403, (22)Oxford University, Oxford, OX1 3RH, United Kingdom, (23)INFN Sezione di Padova and Universita di Padova I-35100, Padova, Italy, (24)INFN Sezione di Perugia and Universita di Perugia, I-06100 Perugia, Italy, (25)INFN Sezione di Pisa and Universita di Pisa, I-56010 Pisa, Italy, (26)Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United Kingdom, (27)Rutgers University, Piscataway, New Jersey 08855, (28)Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309, (29)Sogang University, Seoul, Korea, (30)Soongsil University, Seoul, Korea 156-743, (31)University of Tennessee, Knoxville, Tennessee 37996, (32)Tohoku University, Sendai 980, Japan, (33)University of California at Santa Barbara, Santa Barbara, California 93106, (34)University of California at Santa Cruz, Santa Cruz, California 95064, (35)Vanderbilt University, Nashville,Tennessee 37235, (36)University of Washington, Seattle, Washington 98105, (37)University of Wisconsin, Madison,Wisconsin 53706, (38)Yale University, New Haven, Connecticut 06511.

∗ Deceased.

Systematic source^{δAb}_{Ab} (%) ⟨B_u + B_d⟩ → K^+ multiplicity 0.620±0.040 ∓4.7 ⟨B_u + B_d⟩ → K^− multiplicity 0.165±0.038 ±10.3 ⟨B_u + B_d⟩ → proton multiplicity 0.055±0.005 <0.1 Kaon momentum spectrum ±0.4 b fragmentation ⟨x_E⟩ 0.718±0.024 ±0.7 b fragmentation shape ±1.5 b → B_s production 11.5±1.8% ±1.8 b → b baryon production 10.0±4.0% ±1.9 B^0_s → D^−_s +X fraction 78±10% ∓0.2 b baryon → c-baryon+X fraction 79±10% ±0.4 B_s lifetime 1.55±0.15 ps ±0.3 b baryon lifetime 1.10±0.11 ps ±0.1 charm decay K^± and p yield ±1.1 Fragmentation K^± production ±15% ±0.1 b-tag udsc background fraction ±0.1 A_c 0.67±0.07 ∓0.1 g → cc production 2.33±0.50% ±0.1 g → bb production 0.269±0.067% ±0.2 QCD correction uncertainties ±0.3 π → K mis-ID calibration ±0.7 K ID efficiency ±0.8 particle ID track selection ±0.2 MC Tracking efficiency ±0.7 MC statistics ±0.3 Beam polarization 77.2±0.5% ∓0.7 Total systematic uncertainty ±11.9

Table 1: List of systematic errors on A_b.

Figure 1: Momentum distribution of selected B decay K^± candidates.

Figure 2: Measured left-right forward-backward asymmetry for bb events as a function of thrust axis cosθ for background-corrected data (points). The shaded boxes correspond to the best fit MC, where the vertical size of each box spans the ±1σ MC statistical errors.