Polarized Parton Distributions Measured at the HERMES Experiment

J. Wendland for the HERMES Collaboration

Department of Physics, Simon Fraser University Burnaby, B.C., Canada V5A 1S6.

Introduction

McAllister, Hofstadter (1956): Elastic electron scattering experiments indicate structure within the proton.

EMC (1988):

Measurements of the polarized nucleon structure show that the quark constituents carry only a small fraction of the nucleon spin.

∫_1 0 g^p_1(x)dx = 0.114 ± 0.012 ± 0.026

Assuming Δs = 0: ⟨S_z⟩_u = 1 2 Δu = 0.348 ± 0.023 ± 0.051

⟨S_z⟩_d = 1 2 Δd = −0.280±0.023±0.051

“Proton spin crisis”

(2002): A wealth of inclusive data describes the polarized nucleon structure function g_1.

Polarized Deep Inelastic Scattering

The Nucleon Spin: 1 2 = 1 2 ΔΣ + ΔG + (Lq + Lg)

Q^{2 lab}= 4EE^′ sin^2 θ 2 ν^{lab}= E − E^′ x = Q^2/(2Mν) W^{2 lab}= M^2 + 2Mν − Q^2

Inclusive DIS: e + N → e^′ + X

Measure ΔΣ = (Δu+Δū+Δd+Δd̄+Δs+Δs̄) Semi-inclusive DIS: e + N → e^′ + h + X

Measure Δu, Δū, Δd, Δd̄, Δs, Δs̄

Double Spin Asymmetries

Electron-nucleon asymmetry A‖: A‖ = 1 ⟨PBPT ⟩ (N/L)↑↓ − (N/L)↑↑ (N/L)↑↓ + (N/L)↑↑ Virtual photon-nucleon asymmetry A1: A1(x, Q2) = A‖(x, Q2)/ [ (1 + ηγ) D(x, Q2) ]

Δq = q+ − q− q = q+ + q−

The Purity Formalism

Inclusive asymmetry: A1(x, Q2) = σ1/2 − σ3/2 σ1/2 + σ3/2 g_2=0 ≃ g1(x, Q2) F1(x, Q2) = 1 2 ∑ f e2f Δqf (x, Q2) 1 2 ∑ f e2f qf (x, Q2) Semi-inclusive asymmetry of hadron h: Ah1 (x) g_2=0 ≃ ∑ f e2f Δqf (x) ∫ dz Dhf (z) ∑ f^′ e 2 f^′ qf^′(x) ∫ dz Dhf_′(z) = ∑ f e2f qf (x) ∫ dz Dhf (z) ∑ f^′ e 2 f^′ qf^′(x) ∫ dz Dhf_′(z) Δqf (x) qf (x) ≡ Phf (x) . . . Purity Combine asymmetries on various targets and solve system of linear equations:

⃗A(x) = Ph_f (x) · ⃗Q(x) ⃗Q =^{(Δu}_u ,^{Δd}_d ,^{Δū}_ū ,^{Δd̄}_{d̄} ,^{Δs + Δs̄}_{s + s̄}^)

HERA at DESY

• 27.5GeV electron beam [920GeV proton beam] • e-beam self-polarizing (Sokolov Ternov effect) • Average polarization: 55%

The HERMES Spectrometer

• Angular resolution Δθ < 0.6mrad,

momentum resolution Δp/p = 0.7 . . . 1.3% • Lepton identification efficiency ∼ 98% with hadron contaminations < 1% • Čerenkov counter replaced by a RICH detector in 1998

Asymmetries on the Proton Polarized Parton Distributions Asymmetries on the Deuteron