The Polarized Structure Function g^p_1 at Low Bjorken-x and Low Q^2 and Polarized Parton Distributions

at HERMES

Helmut Böttcher, DESY Zeuthen for the HERMES Collaboration

Outline:

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

La Thuile, March 3rd 2000

The Spin of the Proton

Contributions to the spin of the proton:

S_z = 1 2 = 1 2 ΔΣ + ΔG + L_z

ΔΣ = (Δu + Δū) + (Δd + Δd̄) + (Δs + Δs̄) = (Δu_v + 2Δū) + (Δd_v + 2Δd̄) + (2Δs̄)

=⇒ Polarized Deep Inelastic Lepton Nucleon Scattering

ΔΣ is found to be small in inclusive DIS experiments (EMC, SMC, SLAC, HERMES) ΔΣ ≈ 0.2 ... 0.4 possible contributions to S_z:

• strange sea polarization Δs is negative? • gluon polarization ΔG is positive? • orbital angular momentum L_z is positive?

Deep Inelastic Scattering

target fragments P W2 = (q + P)2

current fragments

Q2 = −q2 lab ≈ 4EE′ sin2 θ/2 y lab= ν/E lab= (E − E′)/E x lab= Q2/(2Mν) γ2 = Q2/ν2

• Inclusive: detect only the scattered lepton • Semi-Inclusive: detect a hadron h in coincidence with the scattered lepton =⇒ Flavor Decomposition ⇐= • Longitudinal Cross Section Asymmetry:

A_‖ = σ^{↑⇓} − σ^{↑⇑} σ^{↑⇓} + σ^{↑⇑} = D(A_1 + ηA_2)

A(h)‖ = 1 < PT PB > ( N (h)/L )_{↑⇓} − ( N (h)/L )_{↑⇑} ( N (h)/L )_{↑⇓} + ( N (h)/L )_{↑⇑}

PT , PB : target and beam polarisation N (h) : number of (semi-)incl. DIS events L : deadtime corrected luminosity

A(h)1 = ( g_1 F1 ) = A(h)|| D(1 + ηγ) (g2 = 0))

Why g^p_1 at Low x_{Bj} and Low Q^2

Why low x_{Bj} ?

• Low x region is crucial for pinning down the spin content of the nucleon (extrapolation into unmeasured region).

Why low Q^2?

• Provide new data for studying the 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

• LO tw-4 calculation for deuteron at Q^2 = 4 GeV^2 [DIS ’99: E.Stein, NP B (proc. Suppl.)79 (1999)

567]

• LO target mass contribution to g^p_1(x, Q^2) at tw-2 level [DIS ’99: J.Blümlein, A.Tkabladze, NP B

(proc. Suppl.) 79 (1999) 541]

The HERMES Experiment at DESY

e →

• Beam: transversally self-polarizing 27.6 GeV e-beam of HERA, rotated to longitudinally 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 ...

• 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:

Inclusive DIS Data at Low x ...

• Statistics (1997 HERMES data on H ) : → Events after Data Quality Cuts: 2.5 ∗ 10^6

• Experimental Systematic Uncertainties: → beam polar.: Δ_{PB} = 3.4 %

→ target polar.: Δ_{PT} = 4.7 %

→ other sources: Δ_{misc} = 5.5 %

(normalization, cut stability, alignment)

• Systematic Uncertainties for the Extraction of the Born Asymmetry:

→ F2: ALLM with BODEK-Modification

(Bodek for W < 2.2 GeV and Q^2 < 0.5 GeV^2) and R1990: fixed + Radiative Corr. (RADCOR) + Smearing Corr.: Δ ≈ 5.0 % (11 % lowest x)

⇒ Total low x-range: 9.4 % (13.6 % lowest x bin)

Resulting g_1/F_1 at Low x and Q^2

Resulting xg_1 at Low x and Q^2

Semi-Inclusive DIS Data

=⇒ detect a hadron h in coincidence with the scattered lepton

• determine kinematics by scattered lepton:

0.02 < x < 0.8, Q^2 > 1 GeV^2, W^2 > 4 GeV^2 y < 0.85 • select hadrons fragmented in current region: z^{lab}= E_h/ν ≈ E_π/ν > 0.2, x_F ≈ 2p_L/W > 0.1 • number of hadrons:

h^+: 284 ∗ 10^{3 3}He and 306 ∗ 10^3 H h^−: 178 ∗ 10^{3 3}He and 175 ∗ 10^3 H

→ hadrons contain information on the struck quark (flavor tagging)

→ form spin asymmetries for the production of positive or negative charged hadrons using the same formalism as for leptons

Semi-Inclusive Asymmetries

[published in Phys. Lett. B464(99)123)]

(a) inclusive asymmetries in comparison to SLAC (b) semi-inclusive asymmetries for positively charged hadrons in comparison to SMC (c) semi-inclusive asymmetries for negatively charged hadrons in comparison to SMC

data are averaged over Q^2 (and z) in each x bin: → agreement within 1 σ → no statistically significant Q^2 dependence

Flavor Separation and Purities

rewrite photon-nucleon asymmetry assuming factorization, spin-independence and scaling of fragmentation functions D^h_q (z)

A^h_1 (x) = ∑ q P^h_q (x) ·

(1 + R(x)) (1 + γ^2) · Δq(x) q(x) with P h q (x) = e^2_qq(x)

∫_1 0.2 dzD^h_q (z) ∑_{q′} e^2_{q′}q^′(x)

∫_1 0.2 dz^′D^h_{q′}(z^′) matrix form: ⃗A1(x) = P(x) · ⃗Q(x)

purity P^h_q (x) gives the probability that a quark q was struck when a hadron h is detected

• calculated by monte carlo (LO QCD) • unpolarized quantity • example: z integrated purities for a proton target

Valence- And Sea Quark Distributions At Q^2 = 2.5 GeV^2

dashed line: GS (LO); dashed-dotted line: GRSV (LO) HERMES: Δusus = Δdsds = Δss = Δū̄u = Δ d̄ d̄ = Δs̄s̄ SMC: Δus = Δds = Δs = Δū = Δd̄ = Δs̄

results are insensitive to sea assumptions

Spin Contributions And SU(3)_f

comparison of the HERMES integrals with SMC results at Q^2 = 2.5 GeV^2 and in the HERMES xrange of 0.023 < x < 0.6.

HERMES SMC Δu_v 0.52 ± 0.05 ± 0.08 0.59 ± 0.08 ± 0.07 Δd_v −0.19 ± 0.11 ± 0.13 −0.33 ± 0.11 ± 0.09 Δū −0.01 ± 0.02 ± 0.03 0.02 ± 0.03 ± 0.02 Δd̄ −0.02 ± 0.03 ± 0.04 0.02 ± 0.03 ± 0.02

→ agreement within 1 σ

test of SU(3)_f predictions (Q^2 = 2.5 GeV^2)

total integral SU(3)_f Δu + Δū 0.57 ± 0.04 0.66 ± 0.03 Δd + Δd̄ −0.25 ± 0.07 −0.35 ± 0.03 Δs + Δs̄ −0.01 ± 0.05 −0.08 ± 0.02

(uncertainty for the low x extrapolation not included)

→ a definite statement as to whether the integrated polarized quark distributions violate SU(3)_f or not is not possible yet → a direct measurement of the strange sea is required (note sea assumptions!)

Summary

• additional kinematic range explored for g^p_1 at HERMES:

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

⇒ 7 new low-x data points with syst. uncertainties ≈ 9.0% (except the lowest x bin)

• new testing ground for the validity range of the pQCD concept

• quark polarization:

- up quarks: positive - down quarks: negative - sea quarks: compatible with zero

• Future: HERMES is prepared to measure strange sea polarization - RICH detector (kaon id)