SLAC–PUB–95–6974 August 1995

HIGHLIGHTS OF SLD PHYSICS

GEORDIE ZAPALAC High Energy Physics Department, University of Wisconsin, Madison, Wisconsin 53706, USA E-mail: geordie@slacvx.slac.stanford.edu REPRESENTING THE SLD COLLABORA TION^∗ Stanfor d Linear Accelerator Center, Stanfor d University, Stanfor d, CA 94309, USA

ABSTRA CT

The SLAC polarized electron beam allows the SLD experiment a high-precision measuremen t of sin^2 θ^{eff}_W using the parit y violating cross section asymmetry A_{LR} at the e^+ e^− → Z^0 vertex. The SLD also uses the small luminous e^+ e^− collision region and CCD vertex detector to tag heavy quark final states for probing the Z^0 → qq̄ vertex. Results are presented on the following selected topics: A_{LR} , the Z^0 → bb̄ branching fraction R_b, and the parit y violating cross section asymmetries A_b and A_c for the Z^0 → bb̄ and Z^0 → cc̄ final states.

1 In tro duction

The SLD/SLC experiment accumulated 50K hadronic Z^0 events at an average electron beam polarization of 63% during the 1993 run, and 100K events at a polarization of 77% during the 1994–95 run. The SLD detector is described in detail elsewhere.^1 We emphasize here the importance of the small e^+ e^− collision region and three-dimensional tracking of the CCD pixel vertex detector for tagging heavy quark decays. The SLD e^+ e^− interaction point (IP) is known to a precision of 7μm in the x, y plane and to 35μm in the z (beam) direction. The vertex detector has an impact parameter resolution in the x, y plane of σ_{xy} = 11μm ⊕ 70μm/p(GeV/c) sin^{3/2} θ and an r,z resolution of σ_{rz} = 38μm ⊕ 70μm/p(GeV/c) sin^{3/2} θ.

The polarized electron beam provides the SLD with enhanced sensitivit y to parity violation at the Z^0 pole. Most measuremen ts discussed in subsequent sections rely on the polarization. The next section outlines the generation and detection of the electron polarization at the SLC. The following sections present some selected measuremen ts for the combined 1993 and 1994–95 data sets.

2 Polarization

Longitudinally polarized electron beam pulses are generated at 120 Hz by GaAs electron photoemission using circularly polarized laser light. The sign of the electron polarization P_e is chosen at random by reversing the laser helicity. High values of P_e are achieved by using GaAs photocatho des grown epitaxially on GaAsP so that the crystal lattice is strained.

∗Work supported in part by Departmen t of Energy contracts DE–AC02–76ER00881 (University of Wisconsin) and DE–AC03–76SF00515 (SLAC).

Presented at the International Symposium on Particle Theory & Phenomenolo gy, Ames Iowa, May 22–24, 1995

The electron polarization is analyzed ten meters downstream of the e^+ e^− IP by Compton scattering the electon beam with 532 nm circularly polarized laser light. A dipole magnet deflects the lower energy scattered electrons away from the main beam into a Čerenkov detector. The Compton scattering cross section asymmetry is measured for electrons polarized parallel (σ_{m j =3 /2}) and antiparallel (σ_{m j =1 /2}) to the photon polarization P_γ. The Compton asymmetry A(E) is a function of the scattered electron energy E in the lab. Calibration of the energy scale relies on two features of this asymmetry: a zero asymmetry point at a E = 25.2 GeV (corresponding to 90^∘ scattering in the center of momentum frame) and the Compton edge at E = 17.4 GeV (180^∘ scattering in the center of momentum frame). The electron polarization is extracted from the cross section asymmetry:

σ_{3/2} − σ_{1/2} σ_{3/2} + σ_{1/2}

= A(E)P_γP_e . (1)

For the remainder of this note, we adopt the notation R for electrons polarized parallel to the electron beam direction and L for electrons polarized antiparallel.

3 Measuremen t of sin^2 θ^{eff}_W Using A_{LR}

We define A_{LR} to be the parit y-violating cross section asymmetry for Z^0 production at the Z^0 pole:

A_{LR} ≡ σ(e^+ e^−_L → Z^0) − σ(e^+ e^−_R → Z^0) σ(e^+ e^−_L → Z^0) + σ(e^+ e^−_R → Z^0)

. (2)

A_{LR} depends on the left-handed and right-handed couplings (R_e and L_e) at the e^+ e^− → Z^0 vertex; it is a sensitive function of sin^2 θ^{eff}_W :

A_{LR} =

L^2_e − R^2_e L^2_e + R^2_e = 2(1 − 4sin^2 θ^{eff}_W ) 1 + (1 − 4sin^2 θ^{eff}_W )^2

, (3)

where δA_{LR} ≈ − 7.9δsin^2 θ^{eff}_W . The superscript “eff ” indicates that electroweak radiative corrections at the Z^0 pole are incorporated in sin^2 θ_W when it is used in the tree level expression for A_{LR} given by Eq. (3). These corrections are dominated by corrections to the Z^0 propagator that depend quadratically on the top quark mass and logarithmically on the Higgs mass.

The measuremen t of A_{LR} uses all Z^0 final states, with the exception of Z^0 → e^+ e^− . Z^0 events are detected by energy deposited in the liquid argon calorimeter with an efficiency of 90% and a background of 0.3%. The product P_eA_{LR} is the asymmetry between the number of detected Z^0 events produced by left- and rightpolarized beam pulses. This asymmetry is independent of the Z^0 final state and the detector acceptance. The systematic error for A_{LR} is dominated by the error in the polarization. This error has two contributions: (1) the Compton measuremen t of 2 the polarization, and (2) the uncertain ty in the difference (0.1 ± 0.2%) between the average polarization at the Compton IP and the luminosity weighted polarization at the e^+ e^− collision point. Additional systematic uncertain ties due to asymmetries in the backgrounds, luminosity, beam energy, and polarization amount to 0.3 ± 0.1%. The combined systematic error is δA_{LR} /A_{LR} = 0.8% for the 1994 data.

The 1994 run accumulated 92,261 Z^0 events, yielding the result A_{LR} = 0.1524± 0.0042(stat.) ± 0.0012(syst.). This measuremen t may be combined with earlier data (mostly from 1993) to yield A_{LR} = 0.1551± 0.0040, or sin^2 θ^{eff}_W = 0.23049± 0.00050.

A_{LR} is plotted in Figure 1 with measuremen ts of the W and Z^0 masses M_W and M_Z , the Z^0 width Γ_Z , the combined LEP results for sin^2 θ^{eff}_W , and the ratio R_ν of the neutral to charged currents for deep-inelastic neutrino scattering. These measuremen ts appear as one sigma confidence bands on the S-T plane following the analysis of Peskin and Takeuchi.^2