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Abstract

We proposeto measurethe target single-spinasymmetry, A y , for the neu-
tron using the quasi-elastic 3He" (e;e0) reaction in Hall A with a vertically
polarized 3He target. In the one-photon exchangeapproximation, A y is iden-
tically zero due to time-reversal invariance. However, it is also sensitive to
the two-photon exchange amplitude which can be non-zero and enters A y

through the interferencebetween the one- and two-photon amplitudes. The
importance of this two-photon exchangeprocesswasemphasizedrecently asa
possibleexplanation for the discrepancyat large Q2 betweenthe Rosenbluth
separation and polarization transfer techniques used to measurethe proton
form factor � pGp

E =Gp
M . The discrepancy in the proton form factor data is

sensitive to the real part of this interference term, while A y is sensitive to
the imaginary part. For large Q2, where the scattering occurs from the par-
tons, the nucleon responseduring the two-photon processcan be calculated
using GeneralizedParton Distributions (GPD's). Two zeroth moments of the
GPD's are neededto describe Ay , but for the neutrona, Ay is dominated by
just one of these moments, providing clean accessto study these GPD's. In
this experiment we will measureAy for the neutron using polarized 3He at
the points Q2 =0.9, 1.5, 2.0 GeV2. The measurement will provide important
quantitativ e information on the two-photon exchange processand accessto
information about the GPD's at the 10% level.
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1 In tro duction

For the past forty years, information on nucleon and nuclear structure has
beenobtained through the study of form factors extracted from elastic elec-
tron scattering experiments. Following a well-establishedformalism, the as-
sumption of the one-photon exchange approximation (Born approximation)
allows the interpretation of experimental cross sections in terms of elastic
(Dirac and Pauli) form factors. The validit y of this approach is basedon the
assumption that the two-photon-exchangecontribution is negligible. As more
precisiondata on crosssectionand polarization observablesbecomesavailable
from new facilities, the accuracy of the Born approximation has becomeone
of the major systematic unknowns limiting the interpretation of data.

In the caseof the proton form factors, two setsof experimental data con-
sistently yield very di�eren t results on the ratio � pGE p=GM p, as summarized
in Figure 11. While experiments 2 using the Rosenbluth method consistently
yield � pGE p=GM p � 1 up to Q2 � 6:0 GeV2, the Je�erson Lab recoil polariza-
tion data 3;4 demonstrated that GE p=GM p decreasesquickly as a function of
Q2. Con�rming this discrepancy, preliminary results from the Je�erson Lab
Hall A super-Rosenbluth experiment 5, and the Hall C E94-110experiment 6

are in good agreement with the existing crosssection data. The existenceof
this strong discrepancy indicates a fundamental 
a w in one of the two ex-

Figure 1: The existing data of � pGE =GM for proton 1 from cross section measurements 2(open
squares)and from recoil polarization measurements 3;4 (solid circles).

perimental techniques, or a signi�cant systematic error in either the recoil
polarization or cross section measurements. The discrepancy in GE p=GM p

has recently beenattributed to a possiblefailure of the Born approximation
at large Q2 due to two-photon-exchangecontributions 7;8;9. Calculations show
that even a two-photon contribution which is only a few percent of the cross
section is enoughto bring the results into agreement 8.
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Beyond explaining the form factor discrepancy, a connection was recently
made9 betweenthe two-photon exchangeprocessand the GeneralizedParton
Distributions (GPD's) 10;11 for large Q2 through the target single spin asym-
metry Ay . This asymmetry is measuredthrough inclusiveunpolarizedelectron
scattering from a target polarized perpendicular to the scattering plane. It is
expected to be zero in the one-photon exchange approximation due to time-
reversal invariance, but can receive a non-zerocontribution from the interfer-
encebetween the (real) one-photon exchange amplitude and the imaginary
part of the two-photon exchange amplitude. For large momentum transfers,
the two-photon exchangecan be described through the scattering o� partons
in the nucleon. Its contribution to A y enters through a weighted integral
of the o�-forw ard virtual Compton scattering amplitude with two space-like
photons12;13. The physics of the nucleon enters through the hadronic inter-
mediate state (see Figure 2) which can be described as elastic (no nucleon
excitation) or inelastic (excited state).

The elastic intermediate state can be exactly calculated 13 and gives an
asymmetry for the proton (neutron) on the order of 1% (-1%). At low Q2, the
inelastic contributions for the proton could be estimated by inserting speci�c
resonancesfor the intermediate state. For larger Q2, the inelastic contribution
to the proton wasrecently calculated13 usingdeep-inelasticstructure functions
to describe the intermediate state and gave an asymmetry on the order of 1%.
This givesa combined asymmetry for the proton on the order of 2%.
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Figure 2: The box diagram of two-photon exchange, the �lled ellipse represents the responseof
the nucleon to the scattering of the virtual photon.

In another approach, it was recently shown that for Q2 > 1 GeV2, the
inelastic intermediate state is directly related to the zeroth moments of the
GPD's 9. The neutron is particularly interesting becauseA y can be directly
related to just onespeci�c moment of the GPD's. A cleanmeasurement of A y

for the neutron is useful for providing additional information about the two-
photon exchangeprocessthat is important for understanding the form factor
data, but is alsoa powerful experimental tool for accessinginformation about
the GPD's. Becausethe contribution from the elastic intermediate state is
well known, a precisemeasurement of A y will be able to provide important
imformation on the responseof the nucleon during two-photon exchange. At
large enough Q2, a precise measurement of Ay will be able to distinguish
betweenGPD models for the inelastic contribution.

Although the importanceof observingA y hasbeenrealizedfor many years,
a non-vanishing Ay has never been clearly established in any experiment.
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The goal of the experiment proposedhere is to make the �rst measurement
of Ay in the quasi-elastic reaction 3He" (e;e0) at Q2 =0.9, 1.5 and 2.0 GeV2

with a statistical uncertainty of 0:2% or below. This precision will allow us
to achieve two goals: 1) a clean measurement of the integrated Generalized
Parton Distributions 2) quantitativ e information about the imaginary part of
the two-photon exchangeprocess.Togetherthesegoalswill provide important
information about the structure of the nucleon and the physics of the two
photon exchangeprocess.

2 Ph ysics Motiv ation

2.1 Two-photon-exchangecontribution in elastic eN scattering

We considerelastic scattering of an electron, l , from a nucleon, N , described
by the following kinematics,

l (k) + N (p) ! l (k0) + N (p0) (1)

where the k (k0)and p (p0) are the four momenta of the incident (scattered)
lepton and nucleonrespectively. Under Lorentz, parit y and chargeconjugation
invariance, the T-matrix for elastic scattering of two spin-1/2 particles can be
expanded in terms of six independent Lorentz structures 18, three of them
remain non-zeroat the limit of me ! 0. Therefore, the T-matrix becomes:

Th;� 0
N � N

=
e2

Q2 �u(k0; h)
 � u(k; h)

� �u(p0; � 0
N )

�
~GM 
 � � ~F2

P �

M
+ ~F3


 � K P �

M 2

�
u(p; � N ); (2)

where h = � 1=2 is the electron helicity, � N (� 0
N ) are the helicities of the

incoming (outgoing) nucleon and K = (k + k0)=2. The quantities ~GM ; ~F2; ~F3

are complex functions of � and Q2, and each contains information about
nucleon structure. In the Born approximation, we recover the usual electric
and magnetic nucleon form factors as follows:

~GB orn
M (� ; Q2) = GM (Q2);

~F B orn
2 (� ; Q2) = F2(Q2);

~F B orn
3 (� ; Q2) = 0; (3)

where F2 = (GE � GM )=(1 + � ) and � = Q2=4M . Since ~F3 and the phases
of ~GM and ~F2 vanish in the Born approximation, they must originate from
processesinvolving the exchange of at least two photons. We will separate
the Born contributions from the multi-photon contributions as follows,

~GM = GM + � ~GM

~F2 = F2 + � ~F2 (4)

We may also use the alternative notation ~GE = GE + � ~GE . Born contribu-
tions enter the expressionfor T at order O(e2), shown explicitly in Equation 2.
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Two photon contributions enter at order O(e2) relative to the Born contribu-
tion which means they contribute to T at order O(e4). Contributions from
multi-photon exchange (more than two) enter beyond O(e4) and will not be
consideredhere. The box diagram in Figure. 2 represents the most general
two-photon exchangeprocessin elastic scattering, with the blob representing
the intermediate state of the nucleon.

2.2 Two-photon contribution to Gp
E =Gp

M

Experimentally, two independent methods have been used to determine the
ratio of R = � pGp

E =Gp
M assumingthe Born approximation is valid. The �rst is

the Rosenbluth method 17, which usesmeasurements of the unpolarized cross
section:

d� B = CB (Q2; " )
�
G2

M (Q2) +
"
�

G2
E (Q2)

�
; (5)

where " is the photon polarization parameter, and CB (Q2; " ) is a kinematic
factor. For a �xed Q2, one measuresthe crosssection for di�eren t values of
" to determine the form factors GM and GE . The secondis the polarization
method where one measuresthe ratio of the perpendicular to parallel proton
recoil polarization, Pt =Pl , with respect to its momentum direction.

Pt

Pl
= �

s
2"

� (1 + ")
GE

GM
: (6)

As shown in Figure 1, the two setsof experimental data consistently yield
very di�eren t results. It was pointed out that the discrepancy in GE =GM

can be explained as a possiblefailure of the Born approximation when two-
photon-exchangecontributions are considered7;8;9.

The crosssection and the recoil polarization are related to the real part
of the two-photon-exchange amplitudes in di�eren t ways 8:

d�
CB ("; Q2)

'
j ~GM j2

�

(

� + "
j ~GE j2

j ~GM j2
+ 2"

 

� +
j ~GE j

j ~GM j

!

R

 
� ~F3

M 2j ~GM j

! )

; (7)

Pt

Pl
' �

s
2"

� (1 + ")

(
j ~GE j

j ~GM j
+

 

1 �
2"

1 + "
j ~GE j

j ~GM j

!

R

 
� ~F3

M 2j ~GM j

! )

; (8)

where R denotesthe real part, and ~GE = ~GM � (1 + � ) ~F2.
The sizeof the real part of the two-photon contribution, Y2
 � R (� ~F3=M 2j ~GM j),

was determined to be at the order of a few percent by �tting the experimen-
tal data and assumingthe two-photon-exchangecontribution alonecausesthe
GE p=GM p discrepancy.

A calculation which includesonly the elastic intermediate state found that
the two-photon-exchange correction has the proper sign and the magnitude
to resolve a large part of the discrepancy7, as shown in Figure 3.
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Figure 3: Measureddata for the � pGE =GM from Rosenbluth separationmeasurements (open blue
squares) and from polarization transfer measurements (open red circles). Neither data set has
been corrected for two-photon e�ects. The solid blue squaresshow the Rosenbluth data with a
two-photon correction applied which includes the elastic intermediate state only. 7.

A more recent calculation 9 of the two-photon contribution for Q2 > 1
GeV2 included both the elastic intermediate state and the inelastic contribu-
tion. The inelastic contribution wascalculated using a model of the GPD's as
input. This calculation brings the data sets into agreement, indicating that
the two-photon e�ects are su�cien t to explain the discrepancy.

2.3 Two-photon contribution to the target single-spin asymmetry A y

An observable which is directly proportional to two-photon exchange is the
asymmetry for elasticscattering of an unpolarizedelectronon a nucleontarget
polarized normal to the scattering plane (hereafter referred to as vertically
polarized).

Ay =
� " � � #

� " + � # ; (9)

where � " (� #) denotes the cross section for an unpolarized beam and for
a nucleon spin parallel (anti-parallel) to the normal polarization vector as
de�ned by the electron scattering plane. As shown by de Rujula et al. 12,
this asymmetry is related to the absorptive (imaginary) part of the elastic eN
scattering amplitude.

BecauseGM and GE are purely real, Ay vanishesin the Born approxima-
tion and the leading contribution arisesfrom an interferencebetweenthe one-
and two-photon exchange amplitudes. Neglecting the mass of the electron
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and keepingterms which are of order O(e4), we can write 9,

Ay =

s
2" (1 + ")

�
CB ("; Q2)

d�

�
�

� GM I
�

� ~GE +
�

M 2
~F3

�
+ GE I

�
� ~GM +

�
2"

1 + "

�
�

M 2
~F3

��
(10)

Y.-C. Chen et al. 9 showed that for Q2 > 1 GeV2, the hard two-photon
contributions can be expressedas moments over the GPD's as follows,

� ~GM = C

� ~GE = �
�

1 + "
2"

�
(A � C) +

r
1 + "

2"
B

~F3 =
M 2

�

�
1 + "

2"

�
(A � C) (11)

with

A =
Z 1

� 1

dx
x

K
X

q
e2

q (H q + E q)

B =
Z 1

� 1

dx
x

K
X

q
e2

q (H q � � E q)

C =
Z 1

� 1

dx
x

K 0
X

q
e2

q
~H q (12)

where K and K 0 are kinematic factors and H q, E q and ~H q are the quark
GPD's. Combining Equations 10 and 11, we arrive at the following expression
for Ay

Ay =

s
2" (1 + ")

�
CB ("; Q2)

d�
f � GM I (B ) + GE I (A)g (13)

From this expression it is clear that a measurement of A y will serve as a
sensitive test of GPD models. Furthermore, for the neutron, GE is small
which meansthat the dominant contribution to A y will come from the term
containing I (B ), providing accessto one speci�c moment of the GPD's and
making the interpretation cleaner than the proton case where both terms
must be included. Using model input for the GPD's, predictions for A y for
the neutron are shown in Figures 4 and 5 for beam energiesof 3.6 and 4.8
GeV, respectively.

2.4 Existing data

In the late 1960s,an Ay measurement 14 was among the �rst generation of
SLAC experiments. Using an electron beam with energiesof 15 and 18 GeV,
Ay , and the induced proton recoil polarization Py (Ay = Py by time-reversal
invariance), in the elastic ep reaction was observed to be consistent with zero
up to Q2 = 0:98GeV2 within the largeexperimental uncertainties, asshown in
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Figure 4: The normal spin asymmetry (Py = Ay ) for the neutron for quasi-elasticscattering as a
function of the c.m. scattering angle for a beam energy of 3.6 GeV. The red dashedcurve shows
the contribution from the elastic intermediate state. The solid curve shows the contribution from
the inelastic intermediate state, calculated using GPD's as input. The total asymmetry is the sum
of the solid and dashedcurves. The dotted (geen)and dot-dash (brown) curvesshow the individual
contributions to the solid curve from the terms containing GM and GE respectively. The expected
statistical uncertainties from this proposedmeasurement are shown by the black circles.

Figure 6. However, a rather small Ay is expected (Ay < 0:5%) at the SLAC
kinematics 13 due to the very forward scattering angles, 2:4� < � e

lab < 3:2�

(13:5� < � e
cm < 19:9� ), sinceAy is suppressedby a kinematic factor of sin � e

cm.

An attempt of measuringAy in the 3He(e;e0) reaction at Q2 = 0:1 GeV2

was also made at NIKHEF 19. Here, Ay was found to be consistent with
zero within the large error bars of the experiment at the quasi-elastic peak
(Ay = � 0:095� 0:054) and the �-resonance region (A y = 0:029� 0:055).

3 The Prop osed Exp erimen t

We plan to measurethe target single-spin asymmetry A y for the neutron in
Je�erson Lab Hall A through inclusive quasi-elastic scattering from a ver-
tically polarized 3He target. Measurements will be made at Q2 = 0.9, 1.5
and 2.0 GeV2 using an unpolarized electron beam. The vertically polarized
3He target will be usedin the samecon�guration as in the approved neutron
transversity experiment (E03-004). Two HRS spectrometers on each side of
the beam will be used to independently detect the scattered electronsat the
samescattering angle. No new equipment is neededfor this experiment. The
built-in cross-check of Ay(� e) = � Ay(� � e) serves as a clear measureof sys-
tematic uncertainties. For somekinematic points, the right HRS will not be
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Figure 5: The normal spin asymmetry (Py = Ay ) for the neutron for quasi-elasticscattering as a
function of the c.m. scattering angle for a beam energy of 4.8 GeV. The red dashedcurve shows
the contribution from the elastic intermediate state. The solid curve shows the contribution from
the inelastic intermediate state, calculated using GPD's as input. The total asymmetry is the sum
of the solid and dashedcurves. The dotted (geen)and dot-dash (brown) curvesshow the individual
contributions to the solid curve from the terms containing GM and GE respectively. The expected
statistical uncertainty from this proposedmeasurement is shown by the black circle.

able to reach su�cien t dipole �eld for the scattered electron momentum and
will be usedfor background studies and as a luminosity monitor.

Asymmetries will be formed by 
ipping the polarization direction of the
target every few minutes. There should be no correlation between the rel-
ative detection e�ciency with the target spin direction. The relative beam
charge of Q" =Q# will be determined by the regular Hall A beam charge mon-
itors. Becausewe don't care about the beam polarization, we will not have
to worry about charge asymmetriesin the electron beam. Downstream lumi-
nosity monitor units, positioned above and below the beam pipe will count
electronsfrom the target to provide a continuous record of the relative lumi-
nosities. The BigBite spectrometer may possibly be used at large anglesas
luminosity monitor.

3.1 Kinematics

The Q2 rangefor this experiment waschosenbetween0.9 GeV2 and 2.0GeV2.
The lower limit is chosento ensurethe validit y of the GPD interpretation and
the upper limit is chosento minimize inelastic (electron scattering) contribu-
tions under the quasi-elastic peak. Guided by theoretical predictions 9, the
largest Ay is expected at center-of-massanglesbetween50� � 90� .

Data will be collected at three points in Q2, shown in Table 1. The ex-
pected rates and total statistical uncertainties for A y are also listed. Two
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Figure 6: Data from the SLAC Ay measurements 14 referred to as \THIS EXPT." in the plot.
Other data points are from measurements of the induced recoil polarization Py . Time reversal
invariance requires12 that Py = Ay .

beam energieswill be used,E = 3:6 GeV and 4.8 GeV. The laboratory scat-
tering anglesrange from 16:6� to 22:6� , corresponding to center-of-massscat-
tering angles from 46:5� to 60:9� . The rate and error estimates are based
on a 40 cm polarized 3He target and a 15 � A beam with an averagetarget
polarization of 0.42. The asymmetry at E0 = 4:8 GeV is shown in Figure 4.
For E0 = 3:6GeV, the behavior of the asymmetry is similar.

E0 Q2 E 0 � e � cm
e

3He(e;e0) rate Time � An
y

GeV GeV2 GeV deg deg 106 per day day %
3.60 0.93 3.10 16.60 46.5 82 2 0.15
3.60 1.54 2.78 22.60 60.9 8.7 8 0.20
4.80 2.04 3.71 19.50 59.8 4.6 15 0.19

Table 1: Kinematics, count rates, beam time neededand the expected statistical accuraciesfor
each setting.

3.2 The luminosity monitors

Experimentally, the target single-spin asymmetry A y is only related to the
relative yields between target spin up (" ) and spin down (#) con�gurations.
Knowledge of acceptances,absolute detection e�ciencies and absolute lumi-
nosities are not necessary. The measuredsingle-spin asymmetry A measur ed

can be formed from the number of events (N ), correctedby the relative lumi-
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nosities (L ) corresponding to target spin up and spin down runs.

A measur ed =

N "

L "
�

N#

L #

N "

L "
+

N#

L #

(14)

3.3 The vertically polarized 3He target

The vertically polarized 3He target in this proposalis in the samecon�guration
as the approved Hall A neutron transversity experiment (E03-004). The Hall
A polarized 3He target was successfullyused for experiments E94-01020 and
E95-00121 in 1998-1999,and E99-11722 and E97-10323 in 2001. The polarized
3He target usesoptically pumped rubidium vapor to polarize 3He nuclei via
spin exchange. For a 40 cm long target with target density corresponding to
10 atm at 0� C, averagein-beam target polarization is about 42% with beam
current of 10-15 � A. Two kinds of polarimetry, NMR and EPR (Electron-
Paramagnetic-Resonance),are usedto measurethe polarization of the target.
The uncertainty in the polarization is lessthan 4%.

The present target con�guration, with two sets of Helmholtz coils, can
be polarized along any direction in the horizontal plane. Two sets of diode
lasers (� 100 watts each) and optics are used to polarize the target along
the longitudinal and the transversedirections relative to the incident electron
momentum. For this experiment (and E03-004),oneadditional set of coils will
be added for the vertical direction. With 3 sets of coils, target polarization
along any direction will be possible. The horizontal coils will be oriented to
avoid interference with the spectrometer entrances and the beam line. The
target cell will be kept in the sameshape as the current con�guration except
for the pull-o� tip and the placement inside the scattering chamber. While
the target chamber (lower chamber) will be kept unchanged, the pumping
chamber (upper chamber) will be tilted 45� to the beam right. The oven for
the pumping cell will be modi�ed to be o�set with a connection pieceto link
with the original target ladder. The motion and target ladder system will
be kept as it is now with a minor modi�cation of an extension rod to keep
the motor and any parts containing magnetic material further away from the
target �eld region. A mirror will be mounted on top of the pumping cell
such that the laser light will be re
ected into the pumping cell from the top.
Another set of mirrors will beplacedsuch that the secondlaserbeamline goes
into the pumping cell at 45 degreeso� the vertical direction. The mirrors will
be chosento be polarization-preserving mirrors as the onesused in E95-001.
A schematic of the target system is shown in Fig. 7 for the side view and the
view from beam.

The target spin needs to be 
ipp ed frequently to minimize systematic
e�ects. The current NMR system will be modi�ed to sweep the driving fre-
quencythrough resonanceat the Larmor frequency. At this time, the direction
of the nucleonspinswill 
ip by 180� relative to the holding �eld. By inserting
(or rotating) a half-wave plate to change the polarization of the laser light,
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Figure 7: The schematic of the vertically polarized 3He target, side view (left) and beam view
(right).

the target can continue to be polarized in the 
ipp edspin state. It is expected
that this spin 
ip can be accomplishedin about 1 minute with minimal lossof
polarization. Though not yet fully optimized, the target spin will be 
ipp ed
about once every hour. Each time the spins are 
ipp ed, a measurement of
the target polarization is obtained from the NMR system. In addition, the
EPR system can be used as neededas a secondmeasurement of the target
polarization.

The Je�erson Lab polarized 3He target systemhasgonethrough upgrades
and has consistently improved with time. A recent advance in target tech-
nology is being explored by the groups of T. Averett et al. and the College
of William and Mary and G. Cates et al. at the University of Virginia. This
technology is basedon the addition of potassium as an intermediate step in
the polarization process24 and is expected to provide a signi�cant improve-
ment in the maximum in-beam target polarization and/or polarization rate.
If fruitful, this technology is expected to be integrated into this and other
future polarized 3He experiments.

4 Systematic Uncertain ties

Becausewe are doing quasi-elastic scattering from 3He, �nal state interac-
tions must be consideredas a possiblesourceof contamination to A y . In this
experiment however, only the scattered electron is detected which meansno
information about FSI will enter Ay

25. Other possiblesourcesof background
come from the 3He elastic tail and the nucleon inelastic tail, both of which
can contribute signal under the quasi-elasticpeak. The 3He elastic contribu-
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tion is small at these kinematics and will not contribute signi�cantly to the
systematic error. The contribution from the inelastic region may be signi�-
cant, especially at the largest Q2 value. A simple estimate of this background
indicates that it will be at an acceptable level for this experiment. A more
detailed calculation will be performed to con�rm this beforea full proposal is
submitted.

4.1 Correction on Ay due to target polarization drifts

The target polarization between spin up and spin down runs may not be
exactly the same. A drift in the target polarization doesnot causeany single-
spin asymmetry itself, but results in a small changewhich is easyto correct.
Assuming the yield is: � = � 0 + PT � 1 for target spin up and spin down, we
have: � + = � 0 + PT � 1 and � � = � 0 � PT � 1. The measuredasymmetry is:

A0 =
� + � � �

� + + � �
= PT

� 1

� 0
: (15)

If during spin down runs the averagetarget polarization changesto PT + � PT ,
such that � 0

+ = � 0 + PT � 1 and � 0
� = � 0 � (PT + � PT )� 1, the measured

asymmetry changesto:

A0 =
� 0

+ � � 0
�

� 0
+ + � 0

�
= A0

1 +
� PT

2PT

1 �
� PT

2PT
� A0

: (16)

SinceA0� PT =2PT � 1, we have:

A0 � A0(1 +
� PT

2PT
)(1 +

� PT

2PT
� A0) � A0(1 +

� PT

2PT
): (17)

As long as the target polarization is measured,the drifts in averagepo-
larization betweenspin up and spin down runs will not causeany signi�cant
uncertainty in Ay .

5 Prop osed Beam Time

Table 2 outlines the beam time neededto complete this experiment with the
statistical uncertainty given above. A total of 600 hours of beam on the
polarized target is neededat energiesof 3.6 and 4.8 GeV. An additional 96
hours is neededfor target spin-
ips and polarimetry. Beampolarization is not
neededfor the Ay measurement, but if available, will us to look for double-spin
asymmetriesin the samedata.

6 The Exp ected Results

From the measuredasymmetry A meas the physics asymmetry, A
3He
y , can be

obtained after corrections for the target polarization, PT , dilution factor, � ,
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Time (hour)
E0 = 3:60 GeV 240
E0 = 4:80 GeV 360

Beam on polarized 3He target 600
Target overhead, detector checks 96

Total Time Requested 696 (29 days)

Table 2: Possiblebeam time request for a full proposal at PAC-27.

and radiativ e e�ects, R, are applied,

Ay
3He =

A meas

PT �
R (18)

The dilution factor corrects for scattering from unpolarized nitrogen present
in the polarized target system and is typically � � 0:95. The neutron asym-
metry is extracted by correcting for the neutron and proton polarizations in
3He according to the formalism of Bissey et al. 26. The expected statistical
uncertainties on Ay are at or below � Ay � 0:2% (absolute) and are given
in Table 1. Based on the GPD and elastic contributions shown in Figure 4,
our measureduncertainty provides a � 10% (relative) measurement of the
asymmetry at each of the three valuesof Q2. For comparisonof the expected
uncertainties with theoretical predictions, seeFigures 4 and 5.

7 Plans for a Full Prop osal

This Letter of Intent will be developed into a full proposal for PAC-27. A
careful study of the background from inelastic scattering will be performed.
Studies of frequent target polarization reversal using will be done using the
polarized target systems at Je�erson Lab and the College of William and
Mary. We are also working with the authors of Ref.9 to study the sensitivity
of the asymmetry to the choice of GPD model input.

8 Summary

In this Letter of Intent, we outline a measurement of the target single-spin
asymmetry Ay in the quasi-elasticelastic 3He(e;e0) reaction in Hall A using
a vertically polarized 3He target. The single-spin asymmetry A y is sensitive
to the imaginary part of the two-photon exchange amplitude and provides
clean accessto the zeroth moments of the generalizedParton Distributions.
In contrast to the proton case,the neutron is particularly useful for this mea-
surement since it is dominated by just one of the moments, and therefore
provides cleaner accessto the GPD's. The expected statistical uncertainty
for Ay will be between0.15-0.20%and will provide important quantitativ e in-
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formation on the two-photon exchangeprocessand nucleonstructure through
the GPD's.
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