SLAC–PUB–6598 August 1994 (E) A TEST OF THE FLA VOR INDEPENDENCE OF STR ONG INTERA CTIONS^∗

THE SLD COLLABORA TION^⋆

represen ted by MICHAEL D. HILDRETH Stanfor d Linear Accelerator Center Stanfor d University, Stanfor d, CA 94305

ABSTRA CT

We present a comparison of the strong couplings of b, c, and light (u, d, and s) quarks derived from multi-jet rates in flavor-tagged samples of hadronic Z^0 decays recorded with the SLC Large Detector at the SLAC Linear Collider. By comparing the rates of 3-jet events in these three samples we have extracted (Preliminary) values of: α_s(uds)/α_s(all) = 0.96 ± 0.03(stat .) ± 0.04(syst .) ± 0.02(theory ), α_s(c)/α_s(all) = 1.16 ± 0.11(stat .) ± 0.10(syst .) ± 0.07(theory ), α_s(b)/α_s(all) = 0.98 ± 0.04(stat .) ± 0.08(syst .) ± 0.02(theory ) .

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

∗ Work supp orted by Departmen t of Energy contract DE–A C03–76SF00515

One of the fundamen tal assumptions of the theory of strong interactions, Quantum Chromo dynamics (QCD), is that the strong coupling α_s is independent of quark flavor. This assertion can be tested by selecting events of the type e^+ e^− → qq̄(g) for specific quark flavors q, and measuring the strong coupling in these selected samples. Although an absolute determination of α_s for each quark flavor would have large errors, it is possible to test the flavor-indep endence of QCD precisely by measuring ratios of couplings in which most experimental and theoretical errors are expected to cancel. Previous measuremen ts^1 using this technique have verified the flavor-indep endence of strong interactions to a precision of a few percent for b quarks, and to 15% for other flavors, but typically suffer from large errors due to inefficien t flavor tagging and large corrections for biases due to preferential selection of events without hard gluon radiation. However, with the advent of precision vertex detectors at e^+ e^− colliders it has become possible to select enriched samples of particular quark flavors with high efficiency in a relativ ely unbiased manner. Comparison of the rates of multi-jet production in these samples allows one to derive the ratio of the strong coupling α_s for the selected quark flavor relativ e to that for the global sample of all flavors.

In this paper, we present an analysis based on the 1993 run of the SLC Large Detector (SLD) at the SLAC Linear Collider (SLC), during which approximately 2 pb^{− 1} of electronpositron annihilation data were collected at a mean center-of-mass energy of √ s = 91.26 GeV. The triggers and selection for hadronic events are describ ed elsewhere^{3,4} . From our 1993 data sample, 28036 events were selected.

The analysis presented below used as a basis for the quark flavor tags the number of qualit y tracks n_{sig} whose impact parameter measured in the plane transv erse to the beam axis was more than 3σ from the interaction point. The event sample was divided into three parts: those events with n_{sig} = 0 were defined as the uds-tagged sample; those with 1 ≤ n_{sig} ≤ 3 were defined as the c-tagged sample; and those with n_{sig} ≥ 4 were defined as the b-tagged sample. The efficiencies ε for selecting an event of the desired type after event cuts and the purities Π of the tagged samples relativ e to all events passing cuts are as follows: (ε, Π) = 77%,86% (uds); (ε, Π) = 59%,38% (c); and (ε, Π) = 46%,94% (b).

Jets were then reconstructed using iterativ e clustering algorithms. We have used the the JADE algorithm^5 and its ‘E’,‘E0’,‘P’, and ‘P0’ variations, as well as the ‘Durham’ algorithm.^6 For each algorithm, y_c was chosen to maximize the rate of 3-jet event production R_3, subject to the constrain t that the measured rate of 4-jet events R_4 was smaller than 1%.

The three-jet rate R_3 for each of the tagged quark types (uds, c, and b) was extracted from a fit to the number of two- and three-jet events in each tagged sample, using tagging efficiency matrices calculated from Monte Carlo simulations of hadronic Z^0 decays^7 combined with a simulation of the SLD detector.^2 The bias towards selecting two-jet over three-jet events in the tags is low. If we define the tag bias B^i as the ratio of the efficiency for tagging two-jet events of a desired flavor to that for tagging three-jet events, we find for the three tags: B^{uds} = 1.060, B^c = 1.032, B^b = 1.224 .

In order to obtain the proper value for α_s in heavy quark events, a correction to the three jet rate of magnitude ∼ 5% must be made to account for the reduced phase-space for gluon emission due to the heavy quark mass^{9,10} .

To O(α^2_s ) in perturbativ e QCD, the three-jet rates R_3 have the general form^8: R_3 = A(y_c)α_s + B(y_c)α^2_s . Hence, the ratio of the strong coupling in a sample of quark type j to that of all hadronic Z^0 boson decays can be extracted from the ratio of the three-jet rates by