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Jefferson Lab has become one of the premier facilities ferstudy of nucleon spin structure.
In the past decade, several high precision measurements be®n performed that have ex-
tended our knowledge of the spin-dependent structure ifumsxy; (x, Q%) andgo(x, Q?) between
Q?=0.02-5Ge\. From the measured nucleon structure functions, spin mtsveerd polar-
izabilities have been formed. These proceedings will cotrage on recent measurments on the
neutron via a polarize@He target in the lowQ? region. In particular, experiment E97-110 was
performed in Hall A to study the neutron aiée spin structure at four-momentum transfers
between 0.02 and 0.3 GéVThis Q? range allows us to make a benchmark-check of Chiral Per-
turbation Theory calculations. Previous results for thie gplarizabilities down to 0.1 Gedhave
shown surprising disagreement with these calculationslirRinary results on the first moments
of the neutron spin structure functions are presented.
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1. Introduction

The study of nucleon spin structure has been an active field over théepedecades and has
employed the use of sum rules. In particular, the Gerasimov-Drell-H&3DH(] [1] sum rule for
real photon scatterin(gQ2 = O). The expression for a spiﬁl{arget is given by:

/VO [0%(v)—0%(v)
wherek and M are the anomalous magnetic moment and mass of the taygie¢, inelastic thresh-
old, v the photon energy and is the electromagnetic coupling constant. In this expression,
o1 (03 ) are the photoabsorption cross-sections where the photon helicity is péaatigparallel)
to the target spin. This sum rule indicates that there is a close relationshipéyetive nucleon’s
excitation spectrum and its anomalous magnetic moment, which was one of tipésibest of evi-
dence that the nucleon has an internal structure. The GDH sum rule igditséor any target with
spinS.

In 1989, the GDH integral was first extended [2] to virtual photon ghtémm (Q® > 0). Later
other extensions were proposed [3, 4]. One approach leads to theifglequations:

lGDH (Qz) = /\: [U%(Van) —U%(Vsz)} d7V

%o 2,2
= 163220/0 [91 (x,Q?) _4I\(/Ig2xgz (X,QZ)] dx,
wherexg = % andx is the Bjorken scaling variable. Here the photoabsorpton cross-sections
have been replaced by the electroproduction cross-sections. Aretteeision [4] relates the in-
tegral to the forward virtual Compton scattering amplitu®$Q?®) and S, (Q?) to form a G-
dependent sum rule. This extension provides a relation that is constratiiee two ends of the

Q? spectrum by well known sum rules: GDH @t = 0 and the Bjorken [5] sum rule at largg?.

The extended GDH sum rule can be used to make comparisons betweestitla¢aalculations

and experimental data over the ent@ range. The comparisons allow an investigation of the
transition between the non-perturbative region and the perturbatii@re§Quantum Chromody-
namics (QCD). Refs. [6, 7] provide detailed reviews on the experimenthtreeoretical efforts in

this field.

Theoretical calculations from QCD are difficult to obtain due to the theagis-perturbative
nature in the low energy regime. In this region, moments of the spin structacidas have been
calculated using Chiral Perturbation Theory (ChPT), which is a lowegneffective field theory.
Experiment E97-110 [8] was specifically conducted to study the neupionssructure functions
at very low Q? and to make a benchmark check of ChPT calculations for these moments. In
these proceedings, the data at low and interme@atare reviewed. The experimental details and
preliminary results of experiment E97-110 follow.

v M2

2. Recent Resultson Neutron Spin Structure

Due to the recent technological advances in polarized beams and tagesments at Jef-
ferson Lab have allowed precise measurements of the nucleon spin drfuntations down to
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Q? = 0.02 Ge\£. Hall A measurements have focused on the neutron [9], which are &drirom
data on a polarizetHe target; whereas, Hall B measurements [10] have involved polaripédrpr
and deuteron targets. In these proceedings, only the neutron resuoitpdtarizedHe experiments
will be discussed.

Previous data and calculations for the extended GDH integral for theameate displayed in
Fig. 1. AtQ? = 0, the neutron prediction for the GDH sum rule is shown by the arrow2@3 ub).
High-Q? results from HERMES [11] are shown by the solid squares. The opelesidisplay the
resonance contribution from the Hall A results [9], which are conslagnamore negative than the
MAID resonance model [3]. The solid-inverted triangles include an estiwfatee unmeasured
low-x contribution. The statistical uncertainties are displayed on the data poirdsead) the gray
error band represents the systematic uncertainties. Two next-to-leadiag@hPT calculations
are shown: heavy baryon ChPT (HBChPT) [12] and relativistic ba@bPT (RBChPT) [13]. The
shaded band also includes resonance effects for the RBChPT calculgtie band is the result of
the uncertainties on the parametrization of fiieesonance and vector meson contributions. The
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Figure 1. Neutron GDH integral (QZ) results [9] shown with data from HERMES [11]. The solid curve
indicates the MAID resonance model [3], and the dashed atidakhed curves represent the RBChPT [13]
and HBChPT [12] calculations, respectively. The shadeditsiows the relativistic calculation with the
A-resonance and vector meson contributions.

lowestQ? point (0.1 Ge'?), shows agreement with the RBChPT calculation with resonance effects.
However the data set is right on the edge of where ChPT calculationgeeted to be valid, and
the calculation’s uncertainty is large due to the parametrization of the resesianlence, data at
lower Q? are required to make a definitive statement on these calculations.

The generalized spin polarizabilities involve higher moments in Bjocken-the polarized
structure functions. Due to thé weighting, these integrals converge faster than the first moments,
and therefore are significantly less sensitive to the unmeasured tmmtributions. The expres-
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sions for theyy and .1 polarizabilites in terms of the structure functions are given by

2 2

:16824 [ [91 (x,Qz)—zMzXZGZ(XQz) o
16aM2 %

d;=zqu x* 01 (%, Q%) +02 (x,Q%)] dx.

The polarizability results foyp andd 1 are shown in Fig. 2 top and bottom panels, respectively.
For both plots, the next-to-leading order ChPT calculations are showe dasined (HBChPT) and
dot-dashed (RBChPT) lines. The light shaded band also includésr#smnance and vector meson
contributions for the RBChPT calculation. The MAID phenomenological mi@jés represented
by the solid line. Fonp, the RBChPT [13] calculation with resonance contributions is in good
agreement with the experimental data at 0.1 &eNowever, the HBChPT [14] calculation shows
a large discrepancy, which might indicate the importance of the resona@oespared to MAID,
the data is again significantly more negative for the low@spoint. Thed.t spin polarizability
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Figure 2: Spin polarizabilitiesy (top) andd t (bottom) on the neutron from the E94-010 experiment [9]
shown with ChPT calculations of Ref. [13] (dot-dashed linayl Ref. [14] (dashed line) and the MAID
model [3] shown by the solid line.

is expected to serve as a solid testing ground for ChPT, since it is insensitiheA resonance
contribution compared tg. In the bottom panel of Fig 2, the data for this quantity were also com-
pared with the ChPT calculations and the MAID model. Here we see the sngorésult that the

data down to 0.1 Ge*/show a large disagreement with both ChPT calculations. This disagreement
has been referred to as thé 1 puzzle” and presents a real challenge to ChPT theorists. One of
the major limitations of the available data was that the lov@sinight still be outside the region
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of ChPT’s applicability. Additional experiments at Jefferson Lab haveesbtained data fo?
down to 0.02 GeV.

3. Recent M easurementsand Preliminary Results

Jefferson Lab experiment E97-110 acquired data in the Hall A [15]station. A longitu-
dinally polarized electron beam was scattered on either a longitudinally @avieesely (in-plane)
polarized®He target [15]. Polarized cross-section differences were measuréie inclusive re-
action3ﬁe(é, €). From these data, the polarized structure functions were extractethtosfirious
moments at lowQ? between 0.02 and 0.3 G8VA comprehensive review of the experiment and
data analysis can be found in Ref. [8]. Recently, the EG4 experimehiH&ll B obtained high
precision data at simila®? as experiment E97-110 for the proton and deuteypstructure func-
tions. During this conference, an update on the EG4 experiment andsenalgs presented by
S. Phillips.

After the structure functions have been extracted at conQanthe extended GDH integral
and other moments of the spin structure functions can be formed. The firmemoof theg;
structure function is given by

1 (QP) = /O “ g1 (%, Q?) dx.

This integral is related to the GDH sum rule@$— 0 [17]:

)

In addition, the Burkhardt-Cottingham (BC) sum rule [18] is uniquely ZeranyQ? and is related
to the first moment o;:

. N
Q||2TO|GDH (@) =

1
r2(Q) = | 62 (x @) dx=0.

For this experiment, the polarizétle target was used as an effective neutron target. The neutron
moments were extracted from the measutkel@ quantities by using the technique described in
[19]. The systematic uncertainty due to this extraction was inferred to befa0@¥ < 0.1 Ge\?

and 5% at highe®?. The deuteron data from EG4 will also provide an important systematic check
of the neutron extraction from light nuclei. We have also utilized the paramaétiizin Ref. [20]

to account for the unmeasured lovgontribution.

In the left-hand side of Fig. 3, the preliminary results for the integfhlare compared to
theoretical calculations and earlier measurements [9, 10, 11, 21]. Tidérs&angles show the pre-
liminary data, and the inverted triangles indicate the results from a previdlig ldaperiment [9]
between 0.1 Ge¥and 0.9 Ge¥. The error bars on the data indicate the size of the total uncer-
tainties: both statistical and systematic. We expect to significantly improve tigelflatominant)
systematic uncertainties for the final values. @& approaches zero, the data indicate a smooth
transition and agree well with the earlier data and the two model calculation2322Two calcu-
lations from Chiral Perturbation Theory [12, 13] are illustrated on therfiglihe calculation with
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Figure 3: Preliminary neutrorT ] (left) and BC sum[), (right) results from experiment E97-110 [8] at
very low Q%. The ') integral is consistent with the BC sum rule prediction whércantributions are
considered. For the left-hand side plot, the preliminaryutes (solid triangles) are plotted with earlier
results from Jefferson Lab [9, 10], HERMES [11] and SLAC [2The ChPT calculations are also shown
from Jiet al. [12] and Bernardtt al. [13].

an estimate of thA-resonance and vector meson contributions is represented by thel dheattk
With the current uncertainties, the data show good agreement with the RB&H&ulation [13],
and the three lowes®? points also agree well with the HBChPT calculation [12].

The integral} is shown in the right-hand side of Fig. 3. The preliminary data agree well with
the earlier neutron results [9], and the resonance data follow the MAID hjigdelrhe measured
resonance data are displayed by the solid squares. After inclusion efa$iic contribution, the
results are indicated by the open diamonds. The solid triangles represefultintegral with
an estimate of the low-contribution; for this estimate we assumgg= g‘é"W, whereg‘Q’W is the
twist-2 part ofg, derived by Wandzura and Wilczek [24]. The two bands indicate the rayie
uncertainties; the darker band shows the total systematic uncertainty, efighter band shows
an estimate of the systematic uncertainty for the unmeasure lpart. The total results are
consistent with the BC sum rule expectation over the current meaQfrezbion. From the SLAC
E155x collaboration [25], a higp? point (open circle) is also consistent with zero but with a large
uncertainty.

The BC sum rule for the proton is largely unknown, since transversdiriped target data are
only available in a limitedQ? range for thegg (x, Qz) structure function. A new experiment [26]
was recently approved to measure this structure function in theQéwegime. Since5L"} also
requires knowledge cgzp (x, Qz), this experiment combined with the E@@data and the E97-110
neutron data will allow an isospin separation of the spin polarizabilities.
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4. Summary

Jefferson Lab experiment E97-110 was performed to provide prepisestructure data for
the neutron andHe at lowQ? between 0.02 and 0.3 G8VFrom the measured structure functions,
moments of the spin structure functions have been formed. AtQéwthese quantities provide
an important benchmark check of Chiral Perturbation Theory calculatiblesitron preliminary
results for the first moments of the structure functions were shown andssisd. The first moment
of g has very good agreement with the higl@#-data and the RBChPT calculation; on the other
hand, only the three lowe§? points agree with the HBChPT calculation. The intedgrals also
consistent with the BC sum rule prediction. Final neutron results are tegbafter the systematic
checks have been completed. In addition, the generalized forward slginzabilities are in the
process of being extracted.
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