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Abstract A first measurement of single target spin asymmetry (SSA) from
semi-inclusive electroproduction of charged pions from a transversely polarized
3He target in deep-inelastic-scattering kinematics will take data in Hall A at
Jefferson Lab in 2008. Such SSA will allow for an extraction of the much desired
information on the Collins and Sivers asymmetry from the ‘‘neutron’’ in order to
probe the quark transversity distributions. The experiment will be a coincidence
measurement with the BigBite spectrometer detecting the scattered electrons
and the left-arm HRS spectrometer detecting the charged pions. The prospect
of future 11 GeV measurements at Jefferson Lab in Hall A using a solenoid
magnetic detector system is also discussed in this talk.

1 Introduction

Understanding the structure of the nucleon from the underlying theory of strong
interaction in terms of quark and gluon degrees of freedom of quantum chromo-
dynamics (QCD) is a fundamental and challenging task in physics. The investiga-
tion of the nucleon structure experimentally and theoretically has been more than
ever intense in the last two decades or so, largely due to progress and breakthrough
achieved both in experiment and theory. With the development in polarized beam,
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recoil polarimetry, and polarized target technologies, polarization experiments
have provided more precise data on quantities ranging from electromagnetic form
factors of the nucleon [1, 2] from elastic electron-nucleon scattering to spin struc-
ture functions [3] probed in deep inelastic lepton-nucleon scattering. At the same
time, significant theoretical progress in areas ranging from effective field theories
to lattice QCD calculations has been made in describing these data and in provid-
ing new insight in understanding the structure of the nucleon.

Deep-inelastic scattering has been proven since the 1960s as a powerful probe
of the internal quark structure of the nucleon by studying the quark distribution
functions. At leading twist after integrating over the transverse momenta of quarks,
three quark distribution functions describe the internal dynamics of the hadrons
completely: the unpolarized parton distribution f1, the longitudinal polarized parton
distribution g1, and the quark transversity distribution, h1. The f1 has been extracted
with excellent precision over a large range of x and Q2 after several decades of
experimental and theoretical efforts. The comparison of the f1 structure functions in
a large Q2 range with QCD evolution equations has provided one of the best tests
of QCD. The g1 function has been determined with reasonable precision over a
smaller region of x and Q2 from polarized DIS experiments carried out at CERN,
SLAC, DESY in the last two decades, and most recently at JLab and at RHIC from
polarized proton-proton scattering. What remains elusive is the transversity func-
tion, h1, a chirally odd quark distribution function. It probes the relativistic nature
of the quarks inside the nucleon and the lowest moment of h1 measures a simple
local operator, known as the ‘‘tensor charge’’, which is analogous to the axial
charge, and can be calculated from lattice QCD.

Because of its chiral-odd nature, the experimental determination of the trans-
versity function requires an additional chiral-odd function, for example, double-
polarized Drell-Yan processes, single target spin azimuthal asymmetries from
semi-inclusive DIS pion electroproduction, double spin asymmetries in L production
from e-p and p-p reactions and other processes, and single-spin asymmetries from
double pion production from e-p scattering. The single (target) spin azimuthal asym-
metry can arise from the following mechanisms: the so-called Collins mech-
anism and the Sivers mechanism for semi-inclusive DIS electroproduction of pions.
The quark transversity function in combination with the chiral-odd Collins fragmen-
tation function [4] gives rise to an azimuthal (Collins) asymmetry in sinð�h þ �SÞ,
where �h and �S are the azimuthal angles of the hadron (pion) and the target spin
axis with respect to the virtual photon axis and relative to the lepton scattering plane,
respectively. The Sivers asymmetry [5–7] refers to the azimuthal asymmetry in
sinð�h � �SÞ due to the correlation between the transverse target polarization of
the nucleon and the transverse momentum of the quarks, which involves the orbital
angular momentum of the unpolarized quark [8, 9].

The first single target spin azimuthal asymmetry measurement by the HERMES
collaboration [10] from semi-inclusive DIS pion electroproduction using a longi-
tudinally polarized proton target showed significant non-zero asymmetries, which
generated a lot of theoretical [11–21] and experimental interest. Recently, the
HERMES SSA results [22] were obtained from a transversely polarized proton
target from semi-inclusive electroproduction of pions in DIS kinematics. Signals
due to the unknown Collins fragmentation function in conjunction with the
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previously unmeasured quark transversity distribution have been seen in the
extracted moment of hsinð�h þ �SÞi from the data for both the positive pions
and the negative pions. The Sivers asymmetry due to the correlation between the
nucleon transverse polarization and quark transverse momentum was also extracted
for the first time from the moment of the azimuthal hsinð�h � �SÞi distribution.
The HERMES data show rather larger negative �� Collins moments. This surpris-
ing feature might be explained by the possibility that disfavored fragmentation
could be of unexpected importance and may enter with a sign opposite to that of
the favored case. A very interesting observation from the HERMES data is that the
Sivers moment extracted from the positively charged pion is positive over the
entire x and z range of the experiment, while the Sivers moment from the nega-
tively charged pion seems to be consistent with zero.

The COMPASS collaboration reported measurements [23, 24] of the Collins
and Sivers asymmetries of charged hadrons on the deuteron. Both the Collins and
the Sivers asymmetries are consistent with zero within experimental uncertainties.
Some cancellation between the proton and the neutron in single-spin asymmetries
may exist in measurements using a transversely polarized deuteron target, which
may explain the smallness of the COMPASS Collins and Sivers asymmetries.

Jefferson Lab is in a unique place to make important contribution to the study
of the quark transversity distributions, a fundamental and timely subject. The
polarized inclusive DIS program at Jefferson Lab has made important, well-recog-
nized contributions already in the field, particularly in the study of the nucleon
longitudinal polarization distributions in the large x region. Recently, the Jefferson
Lab CLAS collaboration reported [25] the first evidence for a non-zero beam-spin
azimuthal asymmetry in the semi-inclusive production of positive pions in the deep
inelastic scattering region. Whether factorization is valid or not for Jefferson Lab
kinematics had been a major concern for all semi-inclusive DIS experiments at
Jefferson Lab. The CLAS study [25] of the pion multiplicities as a function of x has
been carried out and no x dependence has been observed, and this finding is
consistent with the assumption of factorization.

The separate determination of the Collins and Sivers asymmetries from a trans-
versely polarized ‘‘neutron’’ target employing a polarized 3He target is very im-
portant. While both the �þ and �� Collins asymmetries for the neutron are
predicted to be small based on the HERMES results and isospin symmetry, larger
than expected Collins asymmetry in the case of the neutron will challenge the
models of the transversity and the physics associated with these models. The pre-
dicted Sivers asymmetries for the �þ in the case of the neutron can be as large as
40–50%, though the situation is very complicated and predictions vary over a large
range.

The combined measurements of �þ and �� will allow for a study of the sur-
prising feature suggested by the comparison between the HERMES �þ and ��

results that the fragmentation in the case of the disfavored quark flavor seems to
play an important role and may enter with an opposite sign as that of the favored
case for the Collins moment. The HERMES experiment was carried out with a
transversely polarized proton target. Therefore, measurements of charged pion
from semi-inclusive electroproduction in the DIS region in an x-range comparable
to that of the HERMES from a transversely polarized ‘‘neutron’’ target will be very
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important. Further, the combination of the data from proton and ‘‘neutron’’ will
allow for a flavor separation of quark transversity distributions, especially in the
case of the Sivers asymmetries. Most recently, Anselmino [26] and collaborators
carried out a global analysis of the semi-inclusive data from HERMES and
COMPASS and the BELLE eþe� ! h1h2X in terms of Collins fragmentation
function and the quark transversity distribution. The Collins function was extracted
for the first time by these authors and predictions for future Jefferson Lab experi-
ments have been made. Therefore, our upcoming 6 GeV SIDIS single spin asym-
metry measurements from electroproduction of charged pions are extremely timely.

2 The transversity study with 6GeV at JLab

The 6 GeV neutron transversity experiment [27] (n"ðe; e0��Þ reaction) employing
a high-pressure polarized 3He target will take place in Hall A at Jefferson Lab in
2008. The experiment will use the Hall A left-side high resolution spectrometer
(HRSL) situated at 16� as the hadron arm, and use the BigBite spectrometer at 30�

beam-right as the electron arm. The HRSL spectrometer magnet polarity will be
reversed from positively charged hadron detection to negatively charged hadron
detection and vice versa. Since this experiment is a coincidence experiment with
the HRSL at a relatively low rate, the HRS spectrometer can be used for interaction
vertex reconstruction such that most of the complications associated with the
BigBite wire chamber track reconstruction can be eliminated. In addition, when
a tight coincidence timing cut is further required we expect that the majority of the
background tracks and random hits in the BigBite wire chambers can be easily
eliminated.

The Hall A polarized 3He target [34] was successfully used in a number of
experiments [28–33] in Hall A since 1998 in the standard configuration. The
standard polarized 3He target used optically pumped rubidium vapor to polarize
3He nuclei via spin-exchange. Two sets of Helmholtz coils provided a 25 Gauss
holding field for any direction in the scattering (horizontal) plane. Target cells were
up to 40 cm long with density of about 10 amgs. Beam currents on target ranged
from 10 to 15�A to keep the beam depolarization effect small and the cell in-
beam life time reasonably long (>3 weeks). The luminosity was about 1036

nuclei=s=cm2. The in-beam average target polarization achieved was typically over
40%. Two polarimetries, NMR and EPR (electron-paramagnetic-resonance), were
used to measure the polarization of the target. The uncertainty achieved for each
method was less than 4% relative and the methods agreed well within errors. The
recent development of Rb-K hybrid [35] 3He target cells resulted in much im-
proved target polarization and less demand on the target cell relaxation time due
to much faster pump-up times associated with the hybrid cells. The hybrid cells
were used successfully in the recently completed neutron electric form factor
experiment [36] in Hall A. We will use 40-cm long hybrid 3He target cells for
our experiment. Further, the Helmholtz coils and laser optics are being modified to
provide a target polarization along two specific orientations: the vertical direction
and the transverse direction in the electron scattering plane relative to the beam
direction. The experimental arrangement is illustrated in Fig. 1 and a close-up view
near the pivot is shown in Fig. 2.
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The experiment will reach the highest possible W with a 6 GeV beam (2:33<
W < 3:05 GeV), corresponding to 0:135< x< 0:405 and 1:31<Q2 < 3:10
(GeV=c)2. The experiment will also detect the leading fragmentation pion which
carries z � 0:5 of the energy transfer to favor the current fragmentation, where
z ¼ Eh=� is the fraction of the virtual photon energy carried by the hadron. The
value of W 0 is also chosen to be as high as possible with a cut of W 0 > 1:5 GeV to
avoid contributions from resonance production channels. The W is the invariant

Fig. 1 The experimental arrangement: the target polarization is in the plane

that is perpendicular to the plane of q ^ ðq� p�Þ

Fig. 2 A top view near the pivot. The left HRS is shown at 16�, the BigBite dipole magnet is shown

at 30� beam right and at a drift distance of 1.5 m. The right HRS is at 90� as a luminosity monitor.

The target coils are arranged to avoid interference with the beam line and the spectrometers
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Table 1 Nominal kinematics of each x-bin (central value) for beam energy of E ¼ 6:0 GeV. One

BigBite setting will cover all the kinematics listed. E0 and �e are the electron arm momentum and

angle. �q indicates the direction of the three-momentum vector of the virtual photon, q. The hadron arm

angle is fixed at 16�

E0 (GeV) �e (deg.) hxi W (GeV) Q2 (GeV2) �q (deg.) z� p� (GeV=c) W 0 (GeV)

�� ¼ 16:0�

0.815 30.0 0.135 3.050 1.310 4.40 0.46 2.40 2.20

1.246 30.0 0.225 2.793 2.003 7.22 0.51 2.40 1.99

1.612 30.0 0.315 2.554 2.592 9.93 0.55 2.40 1.80

1.925 30.0 0.405 2.331 3.095 12.52 0.59 2.40 1.62

Fig. 3 The projected 6 GeV JLab mea-

surements on Collins moment from the

n"ðe; e0��Þ and n"ðe; e0�þÞ reaction together

with theoretical predictions
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mass of the whole hadronic system and W 0 is the invariant mass of the hadronic
system without the detected hadron. Because of the large momentum acceptance
of the BigBite spectrometer, only one BigBite momentum setting is needed to
cover all the kinematics of the experiment. A hadron arm momentum setting of
p� ¼ 2:4 GeV=c is chosen for the entire experiment. The kinematics for the entire
experiment is listed in Table 1.

Figs. 3 and 4 show the projected 6 GeV measurements of the Collins moment
and the Sivers moment from the n"ðe; e0��Þ and n"ðe; e0�þÞ reaction, respectively.
Also shown are the theoretical predictions from Vogelsang and Yuan [41], and Ma,
Schmidt and Yang [14] in the case of the Collins moment; Anselmino et al. [42]
and Vogelsang and Yuan [41] for the Sivers moment – both models describe the

Fig. 4 The projected 6 GeV JLab mea-

surements on Sivers moment from the

n"ðe; e0��Þ and n"ðe; e0�þÞ reaction together

with theoretical predictions
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HERMES transverse proton data [22] very well. With the projected precision of
our 6 GeV measurement, one can test different theoretical approaches towards the
Sivers moment.

3 The transversity study with 11GeV at JLab

As mentioned before, Jefferson Lab is in a unique position with a 6 GeV beam
already to make important contributions to the study of the quark transversity
distributions. With a 12 GeV energy upgraded CEBAF at JLab, a new large accept-
ance solenoid detection system [37] proposed in Hall A will provide a unique
opportunity [38] to have precision measurements of the Collins and Sivers asym-
metry through the SIDIS pion (kaon) productions over a wide kinematics range.
The large acceptance of this new device will provide high statistics measurements
allowing for a 3D mapping in ðx; z;PTÞ of the Collins asymmetry and Sivers
distribution function, where PT is the transverse momentum of the detected hadron
in the final state.

Fig. 5 shows a layout of the experimental setup. Fig. 6 shows a sample plot
of the projection of the Sivers and the Collins asymmetry measurement for z ¼
0:5�0:6 as a function of PT and x-bin for a 60 days of running with a transversely
polarized 3He target in detecting �þ in coincidence with the scattered electrons.
For the projections, we assume a 45% target polarization with spin-flip every 20
min, a 15�A beam on a 10 amagats, 40 cm long 3He target. The detector accep-
tance has been studied using a GEANT3 based Monte-Carlo simulation [37] as-
suming an overall 50% of azimuthal angular acceptance. The physical cross
sections are calculated using CTEQ6 [39] parton distribution parameterizations

Fig. 5 The schematics of the experimental setup at 11 GeV
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and AKK [40] fragmentation function parameterizations. To select events in the
DIS region, the following cuts are used: W > 2:3 GeV, Q2 > 1:0 GeV2=c2, W 0 >
1:6 GeV and 0:3< z< 0:7, where the W 0 is the missing mass of the final particle
system except the scattered electron and the detected leading-hadron. Also shown
in the figure are theoretical predictions from Vogelsang and Yuan [41] which fit the
HERMES data and describe the COMPASS data.

This new precision measurement together with the CLAS12 measurement in
Hall B from a transversely polarized proton target and the world data will allow for
the first time to extract the Sivers distribution function, the transversity distribution
function as well as the Collins fragmentation function. The Collins function can be
cross-checked with the eþe� annihilation measurement [26]. The kaon data col-
lected simultaneously with a kaon particle identification detector can provide ad-
ditional information of transversity and Sivers distribution functions of sea quarks.
Combining with the hydrogen data at similar kinematic region, a flavor decompo-
sition of the transversity and the Sivers distribution functions for both the valence
and the sea quark can be carried out.
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Fig. 6 The projection of the Sivers and the Collins asymmetry measurement for the �þ case for

z ¼ 0:5�0:6 as a function of PT and x-bin. The size of the error bar follows the axis on the right

while the left axis shows the PT range. The solid line shows the prediction of the Collins asymmetry

from Vogelsang and Yuan, while the dashed line shows the prediction of the Sivers asymmetry by the

same group. The gray band shows the theoretical uncertainties of the model
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