The Polarized Structure Function g^p_1 at Low x_{Bj} and Low Q^2 measured with HERMES

Wolf-Dieter Nowak, DESY Zeuthen on behalf of the HERMES Collaboration

Outline:

• Introduction • The Hermes Experiment • Measurement of g^p_1 at low x_{Bj} and low Q^2 • Summary

Goal for g^p_1: extension of kinematic range x > 0.002, y < 0.91, Q^2 > 0.1 GeV^2

DIS 2000, Liverpool, April 27 2000

Deep Inelastic Scattering

• DIS Kinematics: s → Θ, E^′ − − − − −

S ⇒ (⇐)

Q2 = −q2 lab ≈ 4EE′ sin2 Θ 2 y = P q P k = ν lab= E − E′ E x = Q2 2P q , γ2 = Q2 ν2 W 2 = (q + P )2

• Longitudinal Cross Section Asymmetry :

A_‖ = σ^{→⇐} − σ^{→⇒} σ^{→⇐} + σ^{→⇒} = D(A_1 + ηA_2)

A1 , A2 : Virtual Photon Asymmetries D : Photon Depolarization Factor η : Kinematic Factor

A_‖ = 1 < P_T P_B > (N/L)^{→⇐} − (N/L)^{→⇒} (N/L)^{→⇐} + (N/L)^{→⇒} PT , PB : target and beam polarisation N : number of inclusive DIS events L : deadtime corrected luminosity

Formalism

• From A_‖ to g_1/F_1 :

A_‖ = σ^{→⇐} − σ^{→⇒} σ^{→⇐} + σ^{→⇒} = D(A_1 + ηA_2)

A1 , A2 : Virtual Photon Asymmetries D : Photon Depolarization Factor η : Kinematic Factor

A1 = g1 − γ2g2 F1 , A2 = γ g1 + g2 F1

g1 F1 = 1 1 + γ2 ”_{A‖} D + (γ − η)A2 #

with D = y(2 − y)(1 + γ^2y/2) y^2(1 + γ^2) + 2(1 − y − γ^2y^2/4)(1 + R)

η = γ(1 − y − γ^2y^2/4) (1 − y/2)(1 + γ^2y/2)

γ^2 = Q^2/ν^2

Motivation

Why g_1 at low x_{Bj}?

• Low–x region is important for determining ΔΣ and ΔG, the quark and gluon contributions to the nucleon spin (extrapolation into the unmeasured region).

Why g_1 at low Q^2?

• Provide new data for the study of scaling violations.

• Allow further tests of the pQCD concept:

down to which Q^2 is the concept valid?

xg_1(x, Q^2) = xg^{tw−2}_1 (x, Q^2) + 1 Q^2 h^{tw−4}(x, Q^2)

+ 1 Q^2 ( h^{tw−2}_{T MC}(x, Q^2) + h^{tw−3}_{T MC}(x, Q^2) )

+ O ( 1 Q^4 )

=⇒ field in progress

Twist-4 Contribution

• LO calculation for deuteron at Q^2 = 4 GeV^2

[DIS ’99: E.Stein, NP B (proc. Suppl.)79 (1999) 567]

• first step towards twist-4 calculations • status: successfully applied to unpolarized structure functions for x > 0.1 (NS) • twist-4 corrections to g^d_1(x, Q^2) at Q^2 = 4 GeV^2 are of the order of 6 %

Target Mass Correction

• LO target mass contribution to g^p_1 at twist-2 level

[J.Blümlein, A.Tkabladze, hep-ph/9812478]

=⇒ no correction in the low x_{Bj} and Q^2 range:

0.0021 < x < 0.0212, 0.1 < Q^2 < 0.8

The HERMES Experiment at DESY

→ e^±

SIDE VIEW

• Beam: transversely self-polarized 27.6 GeV e^±-beam of HERA, rotated to longitudinal spin orientation at the HERMES IP; P_{beam} ≈ 0.55 ± 0.02 • Target: cooled open-ended storage cell inside the beam pipe, longitudinally polarized pure (^1H, D,^3He) gas atoms of (7 − 33) × 10^{13} nucleons/cm^2; P_H = 0.88 ± 0.04, P_D ≈ P_H, P_{He} = 0.46 ± 0.02 • Tracking: forward dipole magnet spectrometer with 57 chamber planes (40 mrad < θ < 220 mrad); resolution: δθ < 0.6 mrad, δp/p < 1.5% • Particle ID: threshold Cerenkov detector, TRD, preshower, lead-glass calorimeter; e/h misidentification < 0.4% • Fast Trigger: scintillator hodoscopes H0, H1, H2;

calorimeter; energy threshold 1.4 (3.5) GeV • Luminosity Monitor

Inclusive DIS Data at Low x and Q^2

• Extension of the Kinematic Range:

0.85 > x > 0.0021 (0.0212) 0.1 < y < 0.91 (0.85) Q^2 > 0.1 (0.8) GeV^2 • The kinematic plane:

1997 H Data : 2.5∗10^6 Events after quality cuts

Syst. Uncertainties at Low x and Q^2

• Experimental Systematic Uncertainties:

→ beam polar.: Δ_{PB} = 3.4 %

→ target polar.: Δ_{PT} = 4.7 %

→ other sources: Δ_{misc} = 5.5 %

(normalization, hadron contamination, cut stability, Θ–systematics) • Systematic Uncertainties in the iterative Extraction of the Born Asymmetry:

→ Rad. Corr. [POLRAD: J. Phys. G20(1994)513] + Smearing Corr.:

Δ_{corr} ≈ 5.0 % (11 % lowest x) → A_2–Parametrization: A_2 = 0.5 · x/ √ Q^2

[based on E-143 data: Phys. Rev. D58(1998)112003]

Δ_{A2} ≤ 0.5 %

Fixed: F2: ALLM97 [hep-ph/9712415] with low-W Mod.

(for W < 2.2 GeV and Q^2 < 0.5 GeV^2) and R1990 [Phys. Lett. B250(1990)193]

⇒ Total for low–x region: 9.4 %

(13.6 % lowest x bin)

g^p_1/F^p_1 : Comparison to E143 & SMC

⇒ No statistically significant Q^2 dependence

xg^p_1 : Comparison to E143 g^p_1 : Comparison to E143

⇒ Very good agreement with E143

g^p_1 : Comparison to E143 & SMC

⇒ More precise data needed for x < 0.05 at both – low Q^2 (HERMES data > 1998) – higher Q^2 (COMPASS)

Scaling Violation in g^p_1 ?

• low–x region (x < 0.05) :

large statistical uncertainties

(all data sets are statistics dominated)

only limited conclusions on scaling violations and ΔG possible • medium–x region (0.05 ≤ x ≤ 0.2) :

significant scaling violations observed • large–x region (0.2 ≤ x ≤ 0.8) :

data consistent with no scaling violations

⇒ More precise data needed for x < 0.05 at both

– low Q^2 (HERMES data > 1998) – higher Q^2 (COMPASS)

g^p_1 versus Q^2

Summary

• additional kinematic range explored for g^p_1 at HERMES: 0.0021 < x < 0.0212 0.1 < Q^2 < 0.8 GeV^2 0.85 < y < 0.91 ⇒ 7 new low-x data points

statistical uncertainties about 30.0 %

systematic uncertainties ≤ 14.0 %

• very good agreement for g_1/F_1 with SMC low-x data ⇒ No statistically significant Q^2 dependence observed

• Indication for even a lower Q^2 limit of the validity range of pQCD ? ⇒ More precise data needed for x < 0.05 at both

– low Q^2 (HERMES data > 1998) – higher Q^2 (COMPASS)