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JLab Experiments covered in this talk

� E05–102
Double-spin asymmetries in quasi-elastic 3 ~He�~e; e0d�p

3 ~He�~e; e0p�d
3 ~He�~e; e0p�pn

� E05–015
Target single-spin asymmetry in quasi-elastic 3He"�e; e0�
� E08–005

Target single-spin asymmetry in quasi-elastic 3He"�e; e0n�
Double-spin asymmetries in quasi-elastic 3 ~He�~e; e0n�

Since then:

� “Tritium” group of experiment(s) / all unpolarized
Already published:

Cross-sections for 3H and 3He�e; e0p�pn
Proton momentum distributions via 2H, 3H and 3He�e; e0p�
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Experimental Setup All Channels

Ee � 2:425 GeV
�e � 12:5�
�d;p � 75�

Q2 � 0:25 GeV2

:::
�e � 14:5�
�d;p � 82�

Q2 � 0:35 GeV2

:::
�e � 17�

�n � 62:5�
Q2 � 0:46 GeV2

Ee � 3:605 GeV
�e � 17�

�n � 54�

Q2 � 0:96 GeV2

3



Physics motivation for studying processes on 3He

� Knowledge of ground-state structure of 3He
needed to extract information on the neutron
from 3 ~He�~e; e0X� or 3 ~He�~e; e0�.
Examples: Gn

E , Gn
M, An

1, gn
1 , gn

2 , GDH.

� Complications: protons in 3He partly polarized
due to presence of S0- and D-state components.

� Addressing differences in
p
hr 2i (3H, 3He).

� Understanding (iso)spin dependence
of reaction mechanisms (MEC, IC).

� Understanding role of D and S0 states
is one of key issues in “Standard Model” of few-body theory.

� Persistent discrepancies among theories regarding double-polarization
observables most sensitive to 3He ground-state structure.
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Polarized 3He: it is easy to draw the cartoon ...

S’S D
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p
p
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p
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p

p p

Hamiltonian S S0 P D

AV18 90.10 1.33 0.066 8.51
AV18/TM 89.96 1.09 0.155 8.80
AV18/UIX 89.51 1.05 0.130 9.31

CD-Bonn 91.62 1.34 0.046 6.99
CD-Bonn/TM 91.74 1.21 0.102 6.95

Nijm I 90.29 1.27 0.066 8.37
Nijm I/TM 90.25 1.08 0.148 8.53

Nijm II 90.31 1.27 0.065 8.35
Nijm II/TM 90.22 1.07 0.161 8.54

Reid93 90.21 1.28 0.067 8.44
Reid93/TM 90.09 1.07 0.162 8.68

� S: spatially symmetric
� 90 % of spin-averaged WF;
“polarized neutron”

� D: generated by tensor part
of NN force, � 8:5 % .

� S0: mixed symmetry component;
(spin-isospin)-space correlations,
� 1:5 % . P 0S � E�2:1

b .

� P eff
n � �0:86, P eff

p � �0:03 Schiavilla++ PRC 58 (1998) 1263
TM = Tucson-Melbourne � -� exchange 3NF

UIX = Urbana 3NF
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... supported e. g. by data on 3 ~He�~e;e0p�d=pn ...

� quasi-elastic (Q2 � 0:31, ! � 135, q � 570)

� 3NF, MEC negligible, FSI small in 2bbu, large in 3bbu
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PRC 72 (2005) 054005, EPJA 25 (2005) 177
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... and which has a nice analogue in the deuteron ...

~d�~e; e0p�
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... but the true ground state of 3He is like lace

Blankleider, Woloshyn PRC 29 (1984) 538
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To handle this, one needs state-of-the-art calculations

Krakow/Bochum (full Faddeev)

� AV18 NN-potential (+ Urbana IX 3NF, work in progress)

� Complete treatment of FSI, MEC

Hannover/Lisbon (! Vilnius) (full Faddeev)

� CC extension and refit of CD-Bonn NN-potential

� Includes FSI, MEC

� � as active degree-of-freedom providing effective 3NF and 2-body currents

� Coulomb interaction for outgoing charged baryons

Pisa

� AV18 + Urbana IX (or IL7)

� Inclusion of FSI by means of the variational PHH expansion and MEC

� Not Faddeev, but accuracy completely equivalent to it
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The E05–102 and E08–005 experiments at JLab

� Benchmark measurement of A0x and A0z asymmetries
in 3 ~He�~e; e0d�, 3 ~He�~e; e0p�, and 3 ~He�~e; e0n�.

� Better understanding of ground-state
spin structure of polarized 3He —
— S, S0, D wave-function components.
Improve knowledge of 3He rather than
using it as an effective neutron target.
Direct consequences for all
polarized 3He experiments.

� Distinct manifestations of S, D, S0

with changing pmiss in �e; e0fp=d=ng�.
� Data at (almost) identical Q2 for
�~e; e0d�, �~e; e0p�, and �~e; e0n�
simultaneously over a broad range
of pmiss poses strong constraints on
state-of-the-art calculations.
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3 ~He�~e;e0d� vs. 3 ~He�~e;e0p� Krakow/Bochum calc. State-of-the-art Faddeev calculations from Krakow/Bochum (B-H), Pisa, 

Hannover/Lisboa (H-L) groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 The role of S’ is most evident in region of small recoil momenta. 

 

 D-state governs variation of Az at high pr. 

D 

D 
S’ 

S’ 

What are the theoretical expectations? 

� S0 state relevant at small pr (� pmiss)

� D state governs variation of Az at large pr
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Beam-target asymmetry in QE p/d knockout from 3 ~He

� Cannot disentangle effects of WF components (S, D, S0) by measurement
of cross-sections alone: need polarization observables

d��h; ~S�
d
e dEe d
d dpd

� d�0

� � �
h

1� ~S � ~A0 � h�Ae � ~S � ~A�
i

A���;��� � ~S���;��� � ~A � �d��� � d��� �� �d��� � d��� �
�d��� � d��� �� �d��� � d��� �

� Access to [effects of] small WF components (D, S0)
� E05–102: simultaneous measurement of all break-up channels:

3 ~He�~e; e0d�p, 3 ~He�~e; e0p�d, 3 ~He�~e; e0p�pn ... and also 3 ~He�~e; e0n�pp

Target polarization

Polarized beam
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Results on 3 ~He�~e;e0d�p pm-dependence

� Asymmetries are small
(typically a few %), thus hard
to reproduce theoretically
(cancellations)

� Good agreement on the
transverse asymmetry (71�)

� Worse for the longitudinal
asymmetry (160�) ... but it
improves when !
is restricted to QE peak

� Discrepancy due to
— incomplete treatment

of FSI (?)
— unaccounted for 3NF (?)
— underestimated S0

component of g.s. WF (?)
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Results on 3 ~He�~e;e0d�p !-dependence
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Results on 3 ~He�~e;e0p� pm-dependence
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� No 2bbu/3bbu separation possible; rely on MC to disentangle A2bbu/A3bbu

. Unpolarized 2bbu and 3bbu XS as well as A2bbu well established

� Only qualitative agreement of data with theory. Issues:
. Cancellation of 2bbu and 3bbu contributions
. 3bbu asymmetry dominant — possibly too much so
. Pertinent ingredients: Coulomb, RC, FSI, 3NF (?)
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Simple interpretation of 3 ~He�~e;e0p�

� Valid for pm � 0

� Assume PWIA

� S-state dominates

� Missing energy:
Em �!� Tp � Td

� Low-Em region dominated
by 2bbu: A � A�~e� ~p elastic�
� High-Em region dominated

by 3bbu: A � 0

� Non-zero asymmetry in 3bbu
probably caused by FSI
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Message on 2bbu and 3bbu asymmetries in 3 ~He�~e;e0p�
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More 3 ~He�~e;e0d� and 3 ~He�~e;e0p� ...

� High-statistics data also available at Q2 � 0:35 GeV2 in all channels High statistics data available also at 0.35 GeV2/c2 for both reaction channels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Q2 dependence analysis possible.  

 

 Eagerly waiting for the corresponding theoretical calculations!!! 

… and outlook 

� Opportunity to study Q2-dependence of asymmetries

� Final analysis / calculations pending
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Single-spin asymmetry in QE 3He"�e;e0� Motivation

Ay �
� " � � #
� " � � #

/ ~s � �~k� ~k0�

� Ay � 0 in Born approximation (T -invariance)

� Ay 6� 0 indicative of 2
 effects, / ImfT1
T�2
 g interference;
relevant for Gp

E=G
p
M, GPDs

� no measurement of comparable precision on neutron
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Single-spin asymmetry in QE 3He"�e;e0� E05–015

Figure & table courtesy of Yawei Zhang, Rutgers

Ay���� � �Ay���
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Single-spin asymmetry in QE 3He"�e;e0� E05–015

3He neutron

The raw experimental asymmetries were calculated as

Araw ¼ Y↑ − Y↓

Y↑ þ Y↓ ð5Þ

and were corrected for nitrogen dilution and target polari-
zation. The nitrogen dilution factor is defined as

fN2
≡ ρN2

σN2

ρ3Heσ3He þ ρN2
σN2

; ð6Þ

where ρi and σi are the number densities and the unpo-
larized cross sections, respectively. The nitrogen density
was measured when filling the target cell and the cross
section was determined experimentally by electron scatter-
ing from a reference cell filled with a known quantity of N2.
The denominator was obtained from the polarized target
cell yields.
The final asymmetries were obtained after subtraction of

the elastic radiative tail contribution, radiative corrections
of the quasielastic asymmetries, and corrections for bin-
averaging effects. The contribution of the elastic radiative
tail to the lowestQ2 point was 3%, and it was negligible for
the two larger Q2 points. At the lower two values of Q2,
contamination from the tail of the Δ resonance is negli-
gible. At Q2 ¼ 0.97 GeV2, the contamination from the Δ
tail can become large depending on the choice of cut in

ν ¼ E − E0. However, our measured A
3He
y showed no

dependence on ν within our statistical precision.
Results for A

3He
y are shown in Fig. 3 and listed in Table I.

The uncertainties on the data points are statistical, with the
total experimental systematic uncertainty indicated as an
error band below the data points. The systematic uncer-

tainty in A
3He
y includes contributions from the live-time

asymmetry, target polarization, target misalignment, nitro-
gen dilution, and radiative corrections. The dominant
contribution to the systematic uncertainty at the two largest
Q2 points is the uncertainty in the target polarization,
�5.6% (rel). At the two largest Q2 points, the results from
the left and right HRS agree to< 1σ (stat). At the lowestQ2

point, we assign a systematic uncertainty of �2.4 × 10−4

because the data from the two spectrometers differ by
∼2σ (stat).
Polarized 3He targets have been used in many experi-

ments as an effective polarized neutron target [17,18]. The
ground state of the 3He nucleus is dominated by the S state
in which the two proton spins are antiparallel, and the
nuclear spin is carried by the neutron [19]. From the
polarized 3He asymmetries, the neutron asymmetries, An

y ,
were extracted using the effective neutron polarization
approximation [20],

An
y ¼

1

fnPn
½A3He

y − ð1 − fnÞPpA
p
y �: ð7Þ

The neutron dilution factor is the ratio of the neutron to 3He
unpolarized elastic cross sections, fn ¼ σn=σ3He. At the
lowest value of Q2, where nuclear effects may be impor-
tant, fn was calculated using a nonrelativistic model of the
3He nucleus from Deltuva [21–24] based on the
CD-Bonnþ Δ potential. The model uncertainty is 3.8%
(rel) based on a study of the model dependence of fn at
Q2 ≈ 1 GeV2 in a previous 3Heðe; e0Þ measurement by this
collaboration [25].
For neutron asymmetries at Q2 ¼ 0.46 and 0.97 GeV2,

the fn were obtained using the assumption fn ¼
σn=ð2σp þ σnÞ, where σp is the unpolarized proton elastic
cross section. Reduced cross sections were calculated
using

σRðQ2Þ ¼ τG2
MðQ2Þ þ εG2

EðQ2Þ: ð8Þ
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FIG. 3 (color online). Measured 3He asymmetries, A
3He
y , as a

function of Q2. Uncertainties shown for the data points are
statistical. Systematic uncertainties are shown by the band at the
bottom.

TABLE I. Asymmetries, Ay, for 3He and neutrons. Uncertainties are statistical and systematic, respectively. The systematic
uncertainty in the neutron asymmetry includes the model uncertainty in the neutron dilution factor, fn, also listed here.

E (GeV) hE0i (GeV) hθi (deg) hQ2i (GeV2) A
3He
y ð×10−3Þ An

yð×10−2Þ fn

1.245 1.167 17 0.127 −1.26� 0.15� 0.26 −3.32� 0.40� 0.72 0.044� 0.002
2.425 2.170 17 0.460 −1.85� 0.20� 0.14 −1.78� 0.20� 0.66 0.117� 0.003
3.605 3.070 17 0.967 −1.99� 0.19� 0.14 −1.38� 0.14� 0.24 0.155� 0.007

PRL 115, 172502 (2015) P HY S I CA L R EV I EW LE T T ER S
week ending

23 OCTOBER 2015

172502-4

The form factors Gp
E, G

p
M, G

n
E and their uncertainties were

obtained from parametrizations by Kelly [26]. A para-
metrization by Qattan and Arrington [27] was used to
obtain Gn

M and its uncertainty.
The effective neutron and proton polarizations in 3He are

Pn ¼ 0.86� 0.036 and Pp ¼ −0.028� 0.009, respec-
tively [28]. In lieu of precision data, the proton asymme-
tries, Ap

y , were estimated using the elastic intermediate state
contributions to be ð0.01� 0.22Þ%, ð0.24� 2.96Þ%, and
(0.62� 1.09Þ% for the data at Q2 ¼ 0.13, 0.46, and
0.97 GeV2, respectively [29]. The uncertainties in these
values were calculated assuming the same relative
differences as those seen between our measured neutron
asymmetries and the neutron elastic contribution. The
contributions to Eq. (7) from Ap

y are suppressed by the
small effective proton polarization, Pp, in polarized 3He.
The neutron single-spin asymmetries are shown in Fig. 4
and are listed in Table I along with values for fn.
In summary, we have reported the first measurement of

the target single-spin asymmetries, Ay, from quasielastic
ðe; e0Þ scattering from a 3He target polarized normal to the
electron scattering plane. This measurement demonstrates,
for the first time, that the 3He asymmetries are clearly
nonzero and negative at the 4σ–9σ level. Neutron asym-
metries were extracted using the effective neutron polari-
zation approximation and are also clearly nonzero and
negative. The results are inconsistent with an estimate
where only the elastic intermediate state is included [29],
but they are consistent with a model using GPD input for
the inelastic intermediate state contribution at Q2 ¼
0.97 GeV2 [1].

We acknowledge the outstanding support of the Jefferson
Lab Hall A technical staff and Accelerator Division in
accomplishing this experiment. We wish to thank Drs. A.
Deltuva, Vilnius University, A. Afanasev, Jefferson Lab,

M. Vanderhaeghen, MAINZ, and J. Arrington, Argonne
National Lab for their theoretical guidance and calcula-
tions. This work was supported in part by the U.S. National
Science Foundation, the U.S. Department of Energy, and
DOE Contract No. DE-AC05-06OR23177, under which
Jefferson Science Associates, LLC operates the Thomas
Jefferson National Accelerator Facility, the National
Science Foundation of China, and UK STFC Grants
No. 57071/1 and No. 50727/1.
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FIG. 4 (color online). Results for the neutron asymmetries, An
y,

as a function of Q2. Uncertainties shown for the data points are
statistical. Systematic uncertainties are shown by the band at the
bottom. The elastic contribution to the intermediate state is shown
by the dot-dashed line [29], and at Q2 ¼ 0.97 GeV2, the GPD
calculation of Chen et al. [1] is shown by the short solid line.
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� First measurement of An
y (extracted from transversely polarized A3He

y )

� Uncertainty several times better than previous proton data

� Asymmetry clearly non-zero and negative

Zhang++ PRL 115 (2015) 172502
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Single-spin asymmetries in QE 3He"�e;e0n� E08–005

as any deviation from zero indicates effects beyond plane wave impulse approximation. New measurements of the
target single spin asymmetry A0

y at Q2 of 0.46 and 0.96 (GeV/c)2 were made at Jefferson Lab using the quasi-elastic
3He↑(e, e′n) reaction. Our measured asymmetry decreases rapidly, from > 20% at Q2 = 0.46 (GeV/c)2 to nearly zero
at Q2 = 0.96 (GeV/c)2, demonstrating the fall-off of the reaction mechanism effects as Q2 increases. We also observed
a small ǫ-dependent increase in A0

y compared to previous measurements, particularly at moderate Q2. This indicates
that upcoming high Q2 measurements from the Jefferson Lab 12 GeV program can cleanly probe neutron structure from
polarized 3He using plane wave impulse approximation.

Keywords: neutron, quasi-elastic, polarized, 3He, electron scattering, single spin asymmetry
2010 MSC: 81V35, 81-05

One of the fundamental goals of nuclear physics is to
understand the structure and behavior of strongly inter-
acting matter in terms of its basic quark and gluon con-
stituents. Understanding the internal structure of nucleons
is an important step towards this goal. Scattering elec-
trons from light nuclei has been a proven method to probe
these interactions [1]. While the structure of the proton
is readily accessed by direct scattering of electrons on hy-
drogen targets, this technique cannot be used for neutrons
since free neutron targets do not exist. Instead, scattering
on particular nuclei is exploited, e.g. on 2H by virtue of its
weak proton-neutron binding or 3He due to its spin prop-
erties being largely governed by the neutron [2]. In order
to extract the properties of the neutron from such stud-
ies, nuclear effects must be accurately taken into account.
This drives the need to measure observables sensitive to
such effects.

Assumptions made in the nuclear models can have a
large effect on the extraction of the neutron form factors.
In the late 1990s, there was a discrepancy between extrac-
tions of the electric form factor of the neutron, Gn

E , using
the plane wave impulse approximation (PWIA) applied to
data by electron scattering from deuterium [3, 4] and 3He
[5, 6, 7]. This discrepancy was largely removed when full
Faddeev calculations were used to extract the form fac-
tor instead of PWIA [8]. These calculations accounted
for nuclear effects such as final state interactions (FSI)
and meson exchange currents (MEC), which are ignored
in PWIA.

The target single-spin asymmetry obtained by scatter-
ing electrons from a target polarized in two opposite direc-
tions transverse to the incoming electrons, A0

y, is sensitive
to these higher-order effects. This asymmetry is defined
as

A0
y =

1

Pt

N↑ −N↓

N↑ +N↓

, (1)

where Pt is the polarization of the target and N↑ (N↓)
is the number of normalized 3He↑(e, e′n) events when the
target is polarized parallel (anti-parallel) to the normal of
the incoming electron beam. In PWIA, this asymmetry
is exactly zero [9]. Early predictions expected contribu-
tions from FSI and MEC to be large at low negative four-
momentum transfer squared (Q2) until dropping off at Q2

of about 0.2 (GeV/c)2 [9]. The first experimental test of
A0

y done at NIKHEF showed this asymmetry to be 5.9σ

x
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θe'
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ˆ 

Figure 1: Hall A experimental set-up, where ŷ is pointed along the
vertical direction and ẑ along the beam.

larger than expected [10]. Another measurement was later
performed at MAMI, which extended the measured Q2

range up to 0.67 (GeV/c)2 [11] with the same conclusion.
Using full Faddeev calculations that correctly incorporated
the significant effects of FSI, the predictions of Golak et al.
agreed with the observed asymmetries [12]. This measure-
ment of A0

y provides unprecedented precision and extends
up to Q2 of 0.96 (GeV/c)2. It provides new constraints
on models used to extract neutron physics from electron
scattering from 3He nuclei, and shows clear evidence of the
dominance of nuclear effects across Q2.

We report measurements on A0
y up to Q2 of

0.96 (GeV/c)2, performed at the Thomas Jefferson Na-
tional Accelerator Facility (JLab) in Experimental Hall A
from April-May 2009. In the experiment, E08-005, a
longitudinally-polarized electron beam with a current of
10 µA was incident on a polarized 3He gas cell. The beam
helicity was flipped in a pseudorandom quad pattern every
33.3 ms [13]. The target single-spin asymmetry measure-
ment effectively assumed an unpolarized beam as events
were summed over both helicity states. The small time
frame of 33 ms between psuedorandom flips ensured than
changes in luminosity between the two electron helicity
states was negligible. The beam, at energies of 2.4 GeV
and 3.6 GeV, was incident on a 40-cm-long 3He cell that
was polarized in the vertical ŷ direction, as shown in Fig. 1.
Scattered electrons were detected in the high-resolution
spectrometer (HRS) and knocked-out neutrons were de-
tected using the Hall A Neutron Detector (HAND) [14, 15].
This experiment ran concurrently with multiple experi-
ments that measured quasi-elastic structure on polarized
3He [16, 17, 18, 19].

The 3He target was polarized through spin-exchange
optical pumping (SEOP) [20, 21, 22, 23, 24]. An aver-

2

� Ideal probe of FSI and MEC

� Should be zero in PWIA and
should die out at high Q2

� Difficult calculations
at high Q2
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# #

Table 5: Experimental results for A0
y scaled by 10−2.
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Figure 3: Current measurements of A0
y at 0.46 and 0.96 (GeV/c)2

plotted as a function of the energy transfer, ν. The dotted lines
indicate the center of the quasi-elastic peak.

the Bochum group provided reasonable predictions of A0
y

values to both the historical and current data [11]. Fad-
deev calculations are not available above a Q2 of approxi-
mately 0.4 (GeV/c)2 since relativistic effects are not in-
cluded in the calculations. This experiment is unique
in that it reaches unprecedented precision up to Q2 of
0.96 (GeV/c)2, and was also done at much larger ε =
(1 + 2(1 + Q2/4M2) tan2 θe/2)

−1 than previous results,
a region that has been shown to be sensitive to effects
beyond the Born approximation such as two-photon ex-
change [32, 16]. A0

y is large at low Q2, where FSI and
MEC are significant, and drops off exponentially to the
10−2 level as Q2 approaches 1 (GeV/c)2, where contribu-
tions from FSI and MEC are greatly reduced. Any extrac-
tions of the neutron’s electromagnetic form factors from
3He scattering must account for these effects.

We thank the Jefferson Lab Hall A technical staff and
the Jefferson Lab accelerator staff for their outstanding
support. This work was supported in part by the National
Science Foundation, the U.S. Department of Energy, and
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Figure 4: Current A0
y measurements, along with the NIKHEF [10]

and MAMI [11] data, plotted as a function of Q2 alongside the values
of ε for each data point. Error bars represent the total uncertainties.
The uncertainties for these data can be found in Table 5. The dot-
dashed cross represents the modified PWIA approach used by Laget
[9, 10], the dotted and solid crosses represent the non-relativistic
Faddeev calculations including FSI and, in the case of the solid cross,
MEC [11]. Only the Faddeev calculations, which fully account for
FSI, represent the data. The dotted line is an exponential fit of the
current world data.

the UK Science and Technology Facilities Council. Jef-
ferson Science Associates, LLC, operates Jefferson Lab
for the U.S. DOE under U.S. DOE contract DE-AC05-
06OR23177.
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the Bochum group provided reasonable predictions of A0
y

values to both the historical and current data [11]. Fad-
deev calculations are not available above a Q2 of approxi-
mately 0.4 (GeV/c)2 since relativistic effects are not in-
cluded in the calculations. This experiment is unique
in that it reaches unprecedented precision up to Q2 of
0.96 (GeV/c)2, and was also done at much larger ε =
(1 + 2(1 + Q2/4M2) tan2 θe/2)

−1 than previous results,
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y is large at low Q2, where FSI and
MEC are significant, and drops off exponentially to the
10−2 level as Q2 approaches 1 (GeV/c)2, where contribu-
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tions of the neutron’s electromagnetic form factors from
3He scattering must account for these effects.
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The uncertainties for these data can be found in Table 5. The dot-
dashed cross represents the modified PWIA approach used by Laget
[9, 10], the dotted and solid crosses represent the non-relativistic
Faddeev calculations including FSI and, in the case of the solid cross,
MEC [11]. Only the Faddeev calculations, which fully account for
FSI, represent the data. The dotted line is an exponential fit of the
current world data.
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Single-spin asymmetries in QE 3He"�e;e0n� E08–005
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values to both the historical and current data [11]. Fad-
deev calculations are not available above a Q2 of approxi-
mately 0.4 (GeV/c)2 since relativistic effects are not in-
cluded in the calculations. This experiment is unique
in that it reaches unprecedented precision up to Q2 of
0.96 (GeV/c)2, and was also done at much larger ε =
(1 + 2(1 + Q2/4M2) tan2 θe/2)

−1 than previous results,
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beyond the Born approximation such as two-photon ex-
change [32, 16]. A0
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MEC are significant, and drops off exponentially to the
10−2 level as Q2 approaches 1 (GeV/c)2, where contribu-
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of ε for each data point. Error bars represent the total uncertainties.
The uncertainties for these data can be found in Table 5. The dot-
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=) PWIA good enough for high-Q2 experiments at JLab 12 GeV!
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Double-spin asymmetries in QE 3 ~He�~e;e0n� E08–005
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Perspective instead of Conclusion

Date: Sun, 28 Aug 2005 04:35:13 +0200 (MEST)
From: Eddy Jans <eddy@nikhef.nl>
To: doug@jlab.org, gilad@mitlns.mit.edu, simon.sirca@fmf.uni-lj.si
Subject: E05-102

Hi all,

[...] So now to you the nice task to make the community happy
with three new nice datasets on 3He: (e,e’p), (e,e’d) and GEn.
Good luck,

eddy jans

The data sets are here, but ... we still don’t know [well enough]:

� the true nature of the 3He ground state (S vs. D vs. S0);
� the effective neutron (deuteron, proton?) polarization in 3He.

It’s not that we haven’t tried -!
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Toy model to evaluate Pz and Pzz 3 ~He�~e;e0d�p

� Assume 3 ~He�~e; e0d�p at low pmiss is like elastic scattering off polarized d

� Use A�
3He�
x , A�

3He�
z as if they were A�ed�

x , A�ed�
z with appropriate deuteron FFs,

and extract Pz and Pzz
� Toy model j3Hei � jdi � jpi
� Spin decomposition j3Hei �
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Perspective cont’d

� Polarized 3 ~He target (e.g. at CLAS12) still has work to do!

� 3 ~He�~e; e0d� remains “golden channel” as 2bbu/3bbu separation
likely impossible at 12 GeV

� Asymmetries hint at zero-crossings at high pmiss

Indication of D-state kicking in as in the deuteron case?
=) Extend measurements to higher pmiss

� Failure of theories away from the QE peak (dip and above)
Could be due to anything: tails of �, MEC, FSI, 3NF.
=) Measure at several Q2 to capture appropriate evolution

� Still unable to quantify the role of ground-state WF components
=) Need calculations that will be able to tune or switch on/off

individual components ... which is a problem -!
=) Need calculations capable of handling high(er) energies

� Similar show-stoppers with high-Q2 single-spin asymmetries etc.
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Strange final slide: Faddeev calculations

Nuclear transition current for breakup of 3He: J� �
D

	f j bO� j	3He���;���
E

Photon absorption operator: bO� �P3
i�1

h bJSN�i�� bJMEC�i�
i

Final-state interactions (auxiliary states):
D

	f j bO� j	3He���;���
E

-!
D

	f jU�f
E

++ +

+ ...

 =

++ +

++ +

U0
ppn

+ 6 more terms

+ 24 more terms

PWIA + MEC

G0

+ +

+ ...

 =

+
+

++

U0
pd

PWIA + MEC

+ 16 more terms

+ 4 more terms

Golak++ Phys Rep 415 (2005) 89
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This is it ...
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