SLAC–PUB–6599 August 1994 (E) MEASUREMENT OF α_s FR OM HADR ONIC EVENT OBSER VABLES AT THE Z^0 RESONANCE^∗

The SLD Collaboration^⋆

Represented by

YUKIYOSHI OHNISHI Department of Physics, Nagoya University Nagoya 464, Japan

ABSTRA CT

We have measured the strong coupling α_s using hadronic decays of Z^0 bosons collected by the SLD experiment at SLAC. The data were compared with QCD predictions both at fixed order, O(α^2_s ), and including resummed analytic formulae based on the leading and next-to-leading logarithm approximation. The study includes event shap es, jet rates, and particle correlations. We checked the consistency between α_s extracted from these differen t measures and found the dominan t uncertain ty on α_s to be from uncalculated higher order contributions.

Presented at the Meeting of the American Physical Society, Division of Particles and Fields (DPF94), Albuquerque, NM, August 2–6, 1994

∗This work was supported by Departmen t of Energy contract DE-AC03-76SF00515.

Various observables have been introduced to measure α_s in the process e^+ e^− → hadrons. We studied fifteen observables which can be calculated exactly up to O(α^2_s ) in QCD perturbation theory.^{1,2} The observables comprise six event shapes, i.e., thrust (τ = 1 − T), heavy jet mass (ρ = M^2_H /E^2_{vis} ), total jet broadening (B_T ), wide jet broadening( B_W ),^3 oblateness (O), and C-parameter (C); differential 2-jet rates (D_2) defined by six different jet resolution/recom bination schemes (E, E0, P, P0, D, and G)^4; energy-energy correlations (EEC) and their asymmetry (AEEC), and the jet cone energy fraction (J CEF ).^5 Further discussion of the definitions and properties of these observables can be found elsewhere.^6 The strong coupling α_s can be derived by fitting the QCD calculations to the distributions from the experimental data.

In this comprehensive analysis we used the combined 1992 and 1993 data samples collected by the SLD/SLC; 37226 events passed our hadronic event selection criteria.^{7,8} We applied bin-by-bin correction factors to the experimental distributions to account for the effects ofthe detector acceptance and hadronization. Each corrected distribution was fitted by minimizing χ^2 with respect to Λ_{M S} at selected values of the renormalization scale f ≡ μ^2/s, where √ s = M_Z 0 . For the jet rates analysis, the lower bound on y_{cut} was chosen such that the 4-jet rate, R_4, is less than 1 %. For the event shapes, EEC, AEEC, and J CEF , the fit ranges were set by the kinematic limit for 3-parton production at O(α_s), and by the empirical approach of extending the fit range toward the back-to-back region as long as the χ^2_{dof} of the fit with f = 1 remained less than 5. In addition, we required the size of the deviation from 1 for the hadronization correction factors to be smaller than 40 % and the uncertain ties of the hadronization and detector correction to be smaller than 30 % for all observables.