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Inelastic scattering using polarized nucleon targets and polarized charged lepton
beams allows the extraction of the structure functions g1 and g2 which provide
information on the spin structure of the nucleon. A program designed to study
such processes has been underway in Jefferson Lab since 1998. A polarized electron
beam, solid polarized NH3 and ND3 targets and the CEBAF Large Acceptance
Spectrometer (CLAS) in Hall B were used to collect the desired data. The measure-
ments cover the resonance region with unprecedented detail and add significantly
to the DIS data set at low to moderate @2 and moderate to high z. The measured
electron asymmetries are analyzed to produce quantities of interest, such as the
photon-nucleon asymmetry A’f, the spin structure function gIIJ and its first moment
I'y.

1. Spin structure function g;

For several decades spin structure functions have been measured using po-
larized nucleon targets and polarized lepton beams. In particular, the
photon-nucleon asymmetry A% (z, @?), the structure function g% (z, @), and
its first moment I'; (Q?) have been subjects of great interest. The photon-
nucleon asymmetry A% (z, Q?) reflects the valence spin structure of the pro-
ton. In lowest order in the quark parton model, A} is given by the ratio of
the spin-dependent to spin-independent quark distribution functions':

_ Se?lq] - qf]
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(1)
Assuming that the nucleon obeys SU(6) symmetry generates the prediction
that AY = 5/9. While the SU(6) predictions are approximately valid at z ~
0.3, the symmetry is strongly broken, which is particularly evident at large
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x. Several non-perturbative mechanisms have been used to account for this
observation by explicitly breaking SU(6) at the quark level, which results
in different weighting of components of the wavefunction, and consequently
different = dependences for the spin and flavor distributions. Mapping A%
as a function of x can help differentiate between the various models.

The spin structure function g¢; is important in understanding the quark
and gluon spin components of the nucleon spin, and their relative contribu-
tions in different kinematic regions. At high @2, g1 provides information on
how the nucleon spin is composed of the spin of its constituent quarks and
gluons. At low ()?, hadronic degrees of freedom become more important
and dominate the measurements. Besides its Q?-dependence, g; depends
also on the fraction of momentum, x carried by the struck parton. The
DGLAP equations? predict that ¢! increases logarithmically with Q% at
low z, and decreases with Q% at high x. The first moment I'; (Q?) is ob-
tained by integrating g; over the full range of z: I';(Q?) = fol g1(z, Q%)dx.
From the deep inelastic scattering experiments, the value of I'; (Q?) at high
@Q? is known to be positive and slowly varying. As Q? decreases, the nu-
cleon resonances become important, and they cause I';(Q?) to decrease
rapidly. At Q% = 0, I';(Q?) is bounded by the Gerasimov-Drell-Hearn sum
rule*3, which relates the spin-dependent photo-nucleon cross sections to the
anomalous magnetic moment k of the target nucleon. Assuming a smooth
connection between the real and virtual photo-nucleon cross sections, the
GDH sum rule is generalized for the case of virtual photon scattering, which
results in a prediction for the Q%-evolution of I'1 (Q?) at low Q2. Accord-
ing to the GDH sum rule, I'}(Q?) approaches zero with a negative slope,
and since '} (Q?) is positive at high Q?, it must change sign at some low
Q2. The low Q? region is dominated by nucleon resonances, and contains
a transition from the hadronic to partonic degrees of freedom. This region
remained largely unexplored until the recent experiments at Jefferson Lab.

2. Measurements and Analysis

Ay and g; can be extracted from measurements of the double spin asym-
metry A in inclusive ep scattering:

Al = AH/D — nA2 (2)
Fy
g1 = m[AH/D + (v — n)Az],
where Fj is the unpolarized structure function, A, is the virtual photon
asymmetry, and v, D and n are kinematic factors. F; and As are calculated
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using a parametrization of the world data, and A is measured. The spin
asymmetry for ep scattering is given by:

N_—-N, Cy

A =
= N_¥ Ny fPP.fro

+ Agc, (3)

where N_(N,) is the number of scattered electrons normalized to the in-
cident charge with negative (positive) beam helicity, f is the dilution fac-
tor needed to correct for the electrons scattering off the unpolarized back-
ground, fro and Agc correct for radiative effects, and Cy is the correction
factor associated with polarized "N nuclei in the target. A was measured
by scattering polarized electrons off polarized nucleons using a cryogenic
solid polarized target and CLAS in Hall B.

The longitudinally polarized electrons were produced by a strained
GaAs electron source with a typical beam polarization of ~ 70%. The solid
polarized target consisted of ammonia beads placed in a 5 T magnetic field
and cooled down to ~ 1 K by a liquid helium evaporation refrigerator. The
target material had a high concentration of polarizable nucleons, and also
contained paramagnetic centers which provided unpaired electron spins.
The unpaired electrons were highly polarized in the 5 T magnetic field,
and their polarization was transferred to the nucleons using microwaves to
drive the hyperfine transitions between the polarized electrons and polar-
ized nucleons. The target material used was NDj3 for polarized deuterons
and NHj for polarized protons. The typical polarization was 70 — 90% for
protons in the NHj3 target, and 10 — 35% for deuterons in the NDj target.
Besides the polarized targets, three unpolarized targets were used for back-
ground measurements. These targets were solid '2C, frozen ' N, and an
empty target filled with liquid *He. The scattered electrons were identified
using the CLAS package, consisting of drift chambers, Cherenkov detector,
time-of-flight counters and electromagnetic calorimeters. Data were taken
with beam energies of 1.6, 2.4, 4.2 and 5.7 GeV, accumulating over 23 bil-
lion triggers. After the electron samples were selected, raw asymmetries
were formed and corrected for various backgrounds. The unpolarized back-
ground consisted mostly of >N in the ammonia target, and we obtained
its contribution by using the scattering data on '2C target, and correct-
ing it, taking into account differences between 2C and ®N. The method
to determine P,P; was based on the knowledge of the theoretical value
of the asymmetry for elastic ep scattering at given kinematics. Results
from the inclusive and exclusive measurements were found to be consistent
within the statistical errors, with the average value of P,P; ~ 0.5 for the
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NH; target. The resulting asymmetries were also corrected for electrons
from pair-symmetric processes, and for hadrons misidentified as electrons.
Polarization-dependent internal radiative cross sections were calculated us-
ing the code developed by Kuchto and Shumeiko®. The external corrections
were based on the work of Tsai®. To allow for the consistent propagation
of errors, the radiative corrections are broken into an additive correction
Agrc and a radiative dilution factor frc.

3. Results

Preliminary results for AY are

shown in Figure 1. Along

with the EG1b data, the plot

shows results from previous ex- 2 LA
periments, and predictions from e Wad tapam Q- 1062 E
several models. The models” in- S FE ]
clude the suppression of tran- LB e Ghstem < 14-asce o
sitions to states in the lowest whb = ancem %%
even and odd parity multiplets e b j//-/ suE
with combined quark spin § = _M T
3/2, the suppression of transi- " 4 .%' 1
tions to states with helicity h = “FAe E
3/2, and the suppression of tran- o b

sitions to states which couple 02
only through symmetric compo- 00 02030408 0seT 08 ee s

nents of the spin-flavor wavefunc-
tion. Also shown is the prediction Figure 1. Asymmetry AY plotted vs z could
of the hyperfine-perturbed quark differentiate between the different models of
. . . . valence spin structure of the proton. Two main
model, which involves spin-spin predictions are indicated on the plot: pQCD:
interaction between the quarks, AY(z — 1) — 1 and SU(6): A} =5/9.
mediated by the one-gluon or
pion exchange®. The values of
AP(x) extracted from the EG1b data show a preference for the pQCD
limit as x — 1, and are also consistent with the hyperfine-perturbed quark
model. The left plot in Figure 2 shows preliminary results for g7 plotted as
a function of  in bins of Q2. A strong resonant structure is evident at low
Q?, with the A(1232) being the most prominent resonance, while the reso-
nances become ’smoothed out’ with growing ?. This structure makes the
first moment highly Q%-dependent at low Q?, as shown in the right-hand
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Figure 2. Left: Structure function gf plotted vs x. Strong resonant structure is observed
at low Q2. Right: I‘IlJ obtained with the 1.6 GeV data. Points shown by open circles
are values of gf integrated over the data down to the lowest available value of z. The
missing part of the integral in DIS is obtained by integrating the Model’ ¢} down to
z = 0.001. The two parts are added, and the sum is shown by filled circles. Systematic
error is shown by a grey band on the bottom of the plot.

plot of Figure 2. Two different parametrization models?>'° are shown on the

plot, along with the chiral perturbation predictions, and the GDH slope.
We find that our data follow closely the Burkert-Ioffe parametrization!?,
and are consistent with two chiral perturbation models up to Q? ~ 0.06

GeV?2.
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