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| present in this talk the latest results of the neutron spin physics program at Jefferson Laboratory in Hall A
using the highly polarized electron beam and a high pressure polatitedarget. This program includes
among others experiment E99-117 in which the neutron spin asymm@twas measured in the deep inelastic
region with high precision. This asymmetry is observed, for the first time, to change sigh from negative to
positive values betweeh3 < x < 0.6. Furthermore we perform a flavor decomposition of the spin-dependent

to spin-independent quark distributions ratios in the nucleon and find that relativistic quark models are in better
agreement than pQCD fits using the hadron helicity conservation constraint-as.

1 Introduction The scattered electrons were detected using two high

resolution spectrometers (HRS) which sat symmetrically on
After 25 years of spin structure measurements at the higheach side of the electron beam line to double the count
energy physics laboratories (i.e. CERN, SLAC and DESY) rate. The spectrometers were equipped with standard de-
leading to the determination of the quark spin content of the tector packages which consists of two vertical drift cham-
nucleon [1, 2] and culminating with the test of the Bjorken bers for momentum and scattering angle determination, a
sum rule [3], the spin structure of the neutron in the deep CO, gas Cherenkov counter and a double-layered lead-glass
inelastic larger region atQ? (above 1 GeV) is still poorly shower counter for particle identification [9]. The electron
measured. This region does not contribute much to the firstidentification efficiency was 99% and the rejection fac-
moment of spin structure functions, but it is crucial for eval- tor was found to be better than Léor both spectrometers
uating higher moments of these functions. These momentswhich was sufficient for all experiments. The momentum of
offer a testing ground of QCD because they are connectedeach spectrometer was stepped through the relevant excita
with specific matrix elements [4, 5] that are directly calcu- tion spectrum at each incident energy of a given experiment.
lable in lattice QCD [6]. The spin structure function in this In many cases the comparison of the data between the twc
valence quark region can also be tested through quark modeidentical spectrometers at symmetric angles allowed us to
calculations. minimize many of the systematic uncertainties.

2 Experimental method and setup _ o

3 Spin and flavor decomposition in
Here we present results of a precision measurement (JLab ;
E99-117) of the neutron asymmetd’ in the valence re- the valence quark region
gion (largez > 0.3 andQ? > 2GeV?). The above ex-
periment was carried out at Jefferson Lab in Hall A using The virtual photon-nucleon asymmets}’ and spin struc-
a highly polarized electron beam (70-80%) with an average ture functiong}’ are the most poorly known in the valence
current up to 1pA and a high pressure polarized (on av- quark region £ > 0.3). This shortcoming is due to the
erage between 30% and 40% in-beaiHp target with the  small scattering cross sections at largand@? combined
highest polarized luminosity in the world. Details on these with a lack of high polarized luminosity facilities. This re-
experiments can be found at[7]. The target is based on thegion, however, is clean and unambiguous since it is not pol-
spin exchange principle where rubidium atoms are polarizedluted by sea quarks and gluons offering thus a unique op-
by optical pumping and their polarization is transferred to portunity to test predictions that are difficult if not impossi-
the 3He atoms via spin exchange collisions [8]. The target ble at lowz. The set of predictions ofi? in the valence
was polarized either parallel or perpendicular to the direc- quark region fall into two categories, those of relativistic
tion of the electron beam and its polarization measured byconsituent quark models (RCQM) which break SU(6) sym-
three independent methods: Nuclear Magnetic Resonancenetry in the ground state wave function by hyperfine inter-
(NMR) through the Adiabatic Fast Passage (AFP) tech- action [10, 11], and those of perturbative quantum chromo-
nigue, Electron Paramagnetic Resonance technique (EPRjlynaics (pQCD) with a hadron helicity conservation (HHC)
and elastic scattering ofHe. In each case the results of the constraint [12, 13] ag — 1 which break SU(6) symmetry
three methods agreed within systematic errors. dynamically.

*For the polarizedHe collaboration
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Figure 1. Left panel: Preliminary results of Jefferson Lab exper- + C
iment E99-117 (solid circles) along with the world data (open - »
symbols). We omitted world data at < 0.2 for clarity. The 3 »
curves are predictions described in the text. 0
A~ L
The difference between these approaches is dramatic O - LSS(BBS)
when the constituents flavor-spin decomposition is per- + i
formed. For a proton and in the case of pQCD with HHC, S o5 F
we haveAu(z)/u(x) — 1 and Ad(z)/d(z) — 1, while = r
for the case of RCQM'&\u/u — 1, Ad/d — —2/3. We 'g I
notice that in leading order pQCD with HHE&d/d changes + -
sign from negative at low to positive at larger.
In Figure 1 we show preliminary results df’. The first g caM (aq/q,)
data point atz = 0.33 is in good agreement with previ- ~ e
ous measurements. The data points show a clear change of 05 | | | |

sign of AT asz increases and are compared with theoreti-
cal predictions. The total error in each point is dominated
by the statistical error. The solid line is a prediction using ) )
HHC based on LSS(BBS) parameterizationypf F* [14], Figure 2. Spin-flavor dependent up-quark and down-quark dis-

] S o n tributions for a proton extracted from this experiment and the
the long-dashed line is a prediction of /Fy' from LSS world data using the quark-parton model. The light error band is

2001 parametrization at'Q= 5 (3_9\/2 without HHC con- an estimate of the difference between the valence and the total up-

straints [15]. The shaded area is a range of predictions ofand down-quark distributions including the sea. The dark band

AT from the constituent quark model [11] while the dashed is an estimate of the strange quark contribution. The curves are

line is a calculation of the statistical model at ©4 Ge\? predictions described in the text.

by Bourrelyet. al.[16]. The short-dashed line is the chiral

soliton model prediction at = 3 Ge\? by Weigel, Gam-

berg and Reinhardt [17]. Finally, the dot-dashed line is a

bag model calculation but without meson cloud by Boros 4 Conclusion

and Thomas [18] Data from Hermes and SLAC are original

values without being re-analyzed for tiecontribution of In summary, we took advantage of the highly polarized

the nuclear corrections. beam and high pressure polarizéide target at Jefferson
We used the quark parton model interpretatiog;0ind Lab Hall A to investigate the internal spin structure of the

Fy to perform a flavor decomposition of the spin depen- neutron in the perturbative and the strong regimes of QCD.

dent quark distributions assuming a negligible strange quarkin E99-117 we have determined the world most precise

contribution above: = 0.3. The up-quark and down-quark down-quark helicity distribution in the valence region. The

distributions obtained in E99-117 (filled circles) along with results agree with the relativistic constituent quark model

preliminary results of the HERMES semi-inclusive mea- and chiral soliton model rather than the HHC constrained

surements (open circles) [19] are also shown in Fig. 2. ThepQCD prediction. This perhaps points to the importance of

solid line is a pQCD fit to the world data using the HHC con- the quark OAM in this region.
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