SLAC–PUB–6433 February 1994 (E/T)

SPIN STR UCTURE OF THE

NEUTR ON (^3HE) AND THE BJ ÖRKEN SUM RULE^⋆

Zein-Eddine Meziani † Department of Physics, Stanford University, Stanford, CA 94305

Representing the E-142 Collaboration Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

ABSTRACT A first measurement of the longitudinal asymmetry of deepinelastic scattering of polarized electrons from a polarized 3He target at energies ranging from 19 to 26 GeV has been performed at the Stanford Linear Accelerator Center (SLAC). The spin-structure function ofthe neutron g^n_1 has been extracted from the measured asymmetries.

The Quark Parton Model (QPM) interpretation of the nucleon spin-structure function is examined in light of the new results. A test of the Ellis–Jaffe sum rule (E–J) on the neutron is performed at high momentum transfer and found to be satisfied.

Furthermore, combining the proton results of European Muon Collaboration (EMC) and the neutron results of E–142 the Björken sum rule test is carried at high Q^2 where higher order Perturbativ e Quantum Chromodynamics (PQCD) corrections and higher-twist corrections are smaller. The sum rule is saturated to within one standard deviation.

Invited talk presented at the 21st Annual SLAC Summer Institute on Particle Physics:

Spin Structure In High Energy Processes, Stanford, CA July 26–August 6, 1993

⋆ W orksupportedinpartby DepartmentofEnergycontractsDE{FG03{88ER40439(Stanford
  University)andDE{A C03{76SF00515(SLAC).
† Presentaddress:PhysicsDepartment,TempleUniversity,Philadelphia,PA 19122.

SPIN STR UCTURE OF THE

NEUTR ON (^3HE) AND THE BJ ÖRKEN SUM RULE^⋆

Zein-Eddine Meziani † Department of Physics, Stanford University, Stanford, CA 94305

Representing the E-142 Collaboration Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

ABSTRACT A first measurement of the longitudinal asymmetry of deepinelastic scattering of polarized electrons from a polarized 3He target at energies ranging from 19 to 26 GeV has been performed at the Stanford Linear Accelerator Center (SLAC). The spin-structure function ofthe neutron g^n_1 has been extracted from the measured asymmetries.

The Quark Parton Model (QPM) interpretation of the nucleon spin-structure function is examined in light of the new results. A test of the Ellis–Jaffe sum rule (E–J) on the neutron is performed at high momentum transfer and found to be satisfied.

Furthermore, combining the proton results of European Muon Collaboration (EMC) and the neutron results of E–142 the Björken sum rule test is carried at high Q^2 where higher order Perturbativ e Quantum Chromodynamics (PQCD) corrections and higher-twist corrections are smaller. The sum rule is saturated to within one standard deviation.

⋆ W orksupportedinpartby DepartmentofEnergycontractsDE{FG03{88ER40439(Stanford
  University)andDE{A C03{76SF00515(SLAC).
† Presentaddress:PhysicsDepartment,TempleUniversity,Philadelphia,PA 19122.

1 Intro duction

In his pioneering work of 1966 and 1970, Björken^1 suggested that large asymmetries could be observed in deep-inelastic polarized-electron scattering off polarized-nucleon targets. Furthermore, he derived a fundamental relation known as the Björken sum rule. The test of the latter, described by Feynman^2 as one that would have a decisive influence on the future of high-energy physics, requires a measurement of both proton and neutron spin-structure functions. In the early seventies—giv en the perceived technical difficulties of polarized target developments—a measurement using a polarized-proton target was viewed as feasible,while that of a polarized-neutron target was, if not impossible,at least a very complicated task. Theoretical work initiated by Gilman,^3 within the framework of SU(3) symmetry, focused on writing separate sum rules for the proton and the neutron. It was further developed by Ellis and Jaffe,^4 who assumed that the strange sea in the nucleon was unpolarized, and derived what is known as the Ellis–Jaffe sum rule (E–J) for the proton and the neutron.

Two early experiments performed in 1976 (E–80)^7 and in 1983 (E–130)^8 by the Yale–SLAC collaboration at SLAC on a polarized proton target confirmed the suggestion of Björken givinggrounds for the naive picture of the QPM. While a good agreement with the QPM prediction was observed in the x region dominated by the valence quarks, no comparison was possible in the region of sea quarks, due to a limited kinematic coverage. A first experimental test of the E–J sum rule found it to be fulfilled,but with a large uncertainty due the extrapolation uncertainty of A^p_1 in the unmeasured low-x region. The debate on the detailed spin structure of the proton was revived in 1988, when the European Muon Collaboration^9 reported new results on polarized muon scattering off a polarized proton target, extending the measurements of A^p_1 to low values of x. An evaluation of the E–J sum rule on the proton using the new proton data displayed a two standard and a half deviation from the predicted value. A QPM analysis of the spin structure of the proton in terms of its flavor components revealed a small net total spin contribution of the quarks, with a large negative strange-sea quarks component. It was clear that more experiments were needed to set limits on various speculations arising from these results, and to improve our understanding of the nucleon spin structure. The world proton asymmetry data are summarized in Fig. 1, with a QPM prediction^{10} consistent with the E–J sum rule.