Extraction Of Polarized

Parton Distributions At Hermes

Uta Stösslein - Desy/Zeuthen

On Behalf Of The Hermes Collaboration

Hep99, Tampere, July 17th 1999

• Motivation

• Polarized Quark Distributions

• Spin Asymmetries In

Photoproduction And ΔG/G

results are based on the data taking periods 1995-1997 of the HERMES experiment at hera

Motivation

the spin structure of the proton:

S_z = 1 2 = 1 2 ΔΣ + ΔG + L_z

ΔΣ is found to be small in inclusive DIS experiments (EMC, SMC, SLAC, HERMES)

ΔΣ =

nflavorsX

i=1 (Δq_i + Δq̄_i) ≈ 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?

Semi-Inclusive Dis At Hermes

target fragments

current fragments

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

detect a hadron h in coincidence with the scattered charged lepton (here e^+) • determine kinematics by scattered lepton:

0.02 < x < 0.8, Q2 > 1GeV2, W > 2GeV • select hadrons fragmented in the current region: z lab= Eh/ν ≈ Eπ/ν > 0.2 → flavor tagging (favored Dπ + u > unfavored Dπ + ū )

form spin asymmetries for the production of positive or negative charged hadrons: Ah‖ = 1 < PT PB > ( N h/L )_{↑⇓} − ( N h/L )_{↑⇑} ( N h/L )_{↑⇓} + ( N h/L )_{↑⇑} L : deadtime corrected luminosity PT , PB : target and beam polarisation N h : number of DIS events

Ah1 = ( g_1 F1 )_h = Ah|| D(1 + ηγ) (g2 = 0)

Semi-Inclusive Asymmetries

(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 given at mean Q^2 of each x bin

(published in hep-ex/9906035)

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^′)

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 set gluon A (LO); sea assumptions: 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

hermes flavor decomposition at Q^2 = 2.5 GeV^2

(uncertainty for the low x extrapolation not included)

test of SU(3)_f predictions 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

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

A_‖ In Photoproduction Of Pairs Of High p_T Hadrons

quark-gluon dynamics is described in the framework of pQCD by the DGLAP evolution equations:

→ only indirect access to ΔG via the scaling violations of the spin structure function g_1 → access ΔG/G via photon-gluon fusion (PGF) (γg → qq̄) at HERMES:

• two oppositely charged hadrons in spectrometer • both must have high transverse momentum p^{h1(h2)} T > 1.5(0.5) GeV, and M(2π) > 1 GeV • no requirement of the scattered positron

Data-Mc Comparisons

model the data with PYTHIA (LO QCD) for p_T > 0.8 GeV > p̂^{min}_T ≈ 0.5 GeV

CONTRIBUTIONS: solid: TOTAL; dashed: PGF; dotted: QCDC; dashed-dotted: VMD

P GF QCDC

→ photon-gluon fusion dominates at high p_T

Model For A_‖ Interpretation

use Pythia (LO QCD) to determine the unpolarized fractions f_i of the assumed four cross section contributions i = dis, vmd, qcdc, and pgf: A_‖ = D

∑_{4i=1} f_i · A_i Note: contributions of hadronic component of the photon not known for HERMES energies and assumed to be zero

• calculated f_{DIS} ≈ 0 at ⟨Q^2⟩ = 0.06 GeV^2 • assume A_{VMD} ≈ 0 • calculated ⟨D(y)⟩ = 0.9

A_‖ ≈ D(f_{QCDC}A_{QCDC} + f_{PGF}A_{PGF})

in small region of phase space one can write: A_{PGF} ≈ ⟨â(γg → qq̄)⟩⟨ ΔG G ⟩ = ⟨â_{PGF}⟩⟨ ΔG G ⟩ A_{QCDC} ≈ ⟨â(γq → qg)⟩⟨ Δq q ⟩ = ⟨â_{QCDC}⟩⟨ Δq q ⟩

• calculated in LO QCD: ⟨â_{PGF}⟩ = −1 ⟨â_{QCDC}⟩ = +1/2

Result Using Pythia Model

⟨ΔG/G⟩ = 0.41 ± 0.18(stat.) ± 0.03(exp. syst.)

at ⟨x_G⟩ = 0.17 and ⟨p̂^2_T ⟩ = 2.1 GeV^2

Summary

• quark polarization:

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

• gluon polarization:

- indication for positive ΔG/G at ⟨x_G⟩ = 0.17