A Precise Measurement of the g_2 Structure Function of the Proton and Deuteron

Dustin McNulty University of Virginia

October 22, 1999

• Theoretical Overview • E155x Experiment • A_2 and g_2 Results

E155/E155x Collaboration

P. Anthony, R. Arnold, T. Averett, H. Band, N. Benmouna , C. Berisso, H. Borel P. Bosted, S. Bültmann, M. Buenerd, T. Chupp, S. Churchwell, G.R. Court D. Crabb, D. Day, P. Decowski, P. DePietro , R. Erbacher, R. Erickson A. Feltham, H. Fonvieille, E. Frlez, R. Gearhart, V. Ghazikhanian, J. Gomez K. Griffioen, C. Harris, M.A. Houlden, E. W. Hughes, C. Hyde-Wright, G. Igo S. Incerti, J. Jensen, J. Johnson, P. King, Yu. G. Kolomensky, S. Kuhn R. Lindgren, R. Lombard-Nelsen, J. Marroncle, W. Meyer, J. McCarthy P. McKee , D. McNulty , G. Mitchell, J. Mitchell, M. Olson, S. Penttila G. Peterson, G. G. Petratos, R. Pitthan, D. Pocanic, R. Prepost, C. Prescott L. M. Quin, B. Raue, D. Reyna, L.S. Rochester, S. Rock O. Rondon-Aramayo, F. Sabatie, S. St. Lorant, I. Sick, L. Sorrell, T. Smith, F. Staley L. M. Stuart, Z. Szalata, Y. Terrien, L. Todor, A. Tobias, T. Toole, S. Trentalange, D. Walz, R. Welsh, F.R. Wesselmann, T. Wright, C. Young B. Youngman, M. Zeier, H. Zhu, B. Zihlmann

American University University of Massachusetts Universität Basel University of Michigan University Blaise Pascal Old Dominion University Ruhr-Universität Bochum Smith College California Inst. of Technology SLAC University of California–Los Angeles Stanford University PNC Saclay TJNAF Florida International University University of Virginia Kent State University College of William and Mary University of Liverpool University of Wisconsin LANL

Inclusive Deep Inelastic Scattering

• θ : scattering angle • Q^2: 4-momentum transfer squared • ν : energy transfer • x =^{Q2}_{2Mν} : Bjorken scaling variable

Polarized Deep Inelastic Scattering

A_‖ = σ^{↑↓} − σ^{↑↑} σ^{↑↓} + σ^{↑↑} = f_k [ g_1(x, Q^2)[E+E^′ cos(θ)]−

Q^2 ν g_2(x, Q^2)^]

A_⊥ = σ^{↓←} − σ^{↑←} σ^{↓←} + σ^{↑←} = f_kE^′ sin(θ) [ g_1(x, Q^2)+ 2E ν g_2(x, Q^2)^]

g_1 and g_2 are the polarized structure functions. → Ak is primarily sensitive to g_1 → A? is more sensitive to g_2 → f_k includes contribution from kinematics and unpolarized structure functions

Virtual Photon-Nucleon A_2 Asymmetry

A_2(x, Q^2) = 2σ_{T L} σ^{1/2}_T + σ^{3/2}_T = γ g_1(x, Q^2) + g_2(x, Q^2) F_1(x, Q^2)

σ_{T L} is the transverse-longitudinal interference term.

σ^{1/2}_T and σ^{3/2}_T are transverse virtual photoabsorption cross sections for final helicity states of 1/2 and 3/2

→ σ^{1/2}_T ~^1_2^∑_i e^2_i q^↑_i and σ^{3/2}_T ~^1_2^∑_i e^2_i q^↓_i

Positivity limit on A_2: A_2 ≤ √ R(x, Q^2) R(x, Q^2) is the ratio of longitudinal to transverse photoabsorption cross sections (σ_L/σ_T )

g_2(x, Q^2) Structure Function

• Wandzura-Wilczek g2 expression (twist-2 only) g^{W W}_2 (x, Q^2) = −g_1(x, Q^2) +^{∫ 1}_x^{dy}_y g_1(y, Q^2)

• In general there are additional contributions.

twist-2 twist-2 twist-3 ⇓ ⇓ ⇓ g_2(x, Q^2) = g^{W W}_2 (x, Q^2)−^{∫ 1}_x ∂ ∂y ( m M h_T (y, Q^2)+ξ(y, Q^2)^) dy y = g^{W W}_2 (x, Q^2) + g_2(x, Q^2)

• Twist-3 term ξ related to quark-gluon correlations inside the nucleon • Twist-2 term h_T due to quarks’ spin distribution transverse to nucleon momentum • g_2 represents deviation of g_2 from g^{W W}_2 and includes above terms

Experimental A? Asymmetry

A_⊥ =

C_1 fP_tf_{RC} (( N_L − N_R N_L + N_R ) 1 P_b + C_2 + A_{EW} ) + A_{RC}

• N_L and N_R are rates for L and R beam helicity, corrected for pair-symmetric contributions, pions misidentified as electrons, and electronics dead time.

• P_b is beam polarization (≈ 0.83) • P_t is the target polarization (≈ 0.75 for NH_3, ≈ 0.22 for LiD) • C_1 and C_2 are for nuclear corrections and/or target contamination corrections.

• f is the dilution factor (≈ 0.15 for NH_3, ≈ 0.35−0.40 for LiD) • A_{EW} is electroweak asymmetry (≈ 8 × 10^{−5}Q^2) • f_{RC} and A_{RC} are for radiative corrections.

Summary

• Analysis continuing

• Proton A_2 is positive for all x

• Statistical power of g_2 data resolves clearly between g^{ww}_2 and zero and excludes one of the bag models

• Inclusion of 10.5^∘ data will allow study of Q^2 dependence of g_2

Operator Product Expansion (OPE) For g_1 and g_2

OPE used in QCD to separate the physics into a perturbative piece (easily treated) and a nonperturbative piece (unknown matrix elements).

Γ^{(n)}_1 =^{∫ 1}_0 x^ng_1(x, Q^2)dx = a_n 2 , n = 0, 2, 4, ... Γ^{(n)}_2 =^{∫ 1}_0 x^ng_2(x, Q^2)dx = 1 2 n n + 1

(d_n − a_n)

n=2,4,...

a_n are the twist-2 and d_n are the twist-3 matrix elements.

d_2 =^{∫ 1}_0 x^2[2g_1(x, Q^2) + 3g_2(x, Q^2)]dx

= 3^{∫ 1}_0 x^2g_2(x, Q^2)dx

Twist 3 Matrix Element d_2

E155X sensitivity for d_2