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Experiment £02-013 ' at Thomas Jefferson National Accelerator Facility (Jefferson
Lab) will measure the neutron electric form factor G at the high four-momentum
transfer values of Q2 ~ 1.3, 2.4 and 3.4 (GeV/c)? via a measurement of the cross
section asymmetry Ap in the reaction 3ﬁe(é’, e’n)pp. This measurement was ap-
proved for 32 days of running by Jefferson Lab PAC 21 2 in January 2002.

1. Introduction

Knowledge of the neutron electric form factor G% is essential for an un-
derstanding of nucleon structure. Furthermore it is an ingredient in the
analysis of processes involving electromagnetic interactions with complex
nuclei. The neutron electric form factor is related to the charge distribu-
tion of the valence and sea quarks inside the neutron. In the Breit—frame,
where the squared three momentum transfer ¢?2 equals the square of the
four momentum transfer Q%, G% is the Fourier transform of the charge
distribution. Such a Fourier transformation using the world data on the
Sachs form factors has been done recently 3.

Our knowledge of G at high Q? is rather poor compared to the data
available on the Sachs form factors of the proton, G%, and G%,, as well
as on the neutron magnetic form factor G’;. The reason is twofold. Be-
cause the net charge of the neutron is zero, G% is a very small quantity at
low Q2. Secondly, there are no free neutron targets on which to perform
experiments.

Measuring G’ in inclusive unpolarized electron scattering is limited in
the accuracy of the information it can provide. Several factors make the
standard method of the Rosenbluth separation very demanding. Because
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TG >G% the magnetic form factor dominates the cross section. Addition-
ally, these experiments have to be performed on light nuclei, mostly 2H, so
the contribution from the proton to the cross section has to be subtracted.
Furthermore to extract the neutron information, the wave functions have
to be known, and FSI, MEC, IC, and relativistic effects have to be taken
into account. Results for G% determined in quasi elastic e — d scattering ©
are shown in Figure 1. The uncertainties are rather large, and the result
is compatible with G = 0, as well as with the Galster “parameteriza-
tion”, an empirical fit to data on G7% obtained at lower values of Q2 7

"= —pu,7/(1 4+ 5.6 * 7) - Gp, where Gp is the dipole form factor and

T =Q%/4m3.
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Figure 1. The ratio of the electric form factor of the neutron and the dipole form factor
as function of Q2 determined in quasi elastic e — d scattering . The solid line represents
the prediction for G% according to the Galster approximation 7, a phenomenological fit
to low Q2 data. The triangles show the projected data points of this proposal.

Double polarization experiments provide another tool to study G%. By
investigating spin observables, the interference between G'; and G, en-
hances the sensitivity of these reactions to G';. In 1984 Woloshyn proposed
the use of a polarized *He target to measure G !, and there have been
several proposals at JLab making use of this idea 121314, In the last ten
years, a variety of double polarization experiments to measure G’ have
been performed at different facilities: MIT-Bates, NIKHEF, MAMI, and
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JLAB Hall C. Figure 2 shows the published results on G’ obtained from
these types of experiments 1%:16:17:18,19,20,21,22,23,24,25 * Nt shown are pro-
jected data points or preliminary results from JLab experiments E93-026
and E93-038 2627, Both experiments have already been run in Hall C,
but the final results are not yet published. Both Hall C experiments, as
well as the experiments at other facilities, are focused on lower momentum
transfers, as compared to the proposed measurements of this proposal: the
maximum momentum transfer of E93-038 is Q% = 1.47 (GeV/c)?, while
E93-026 will stop at Q2 = 1.0 (GeV/c)2.
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Figure 2. The published world data on G obtained from double polarization electron
scattering experiments 1%:16,17,18,19,20,21,22,23,24,25 = pyrther data from currently run-

ning Hall C experiments 93-026 and 93-038 26,27 which will cover Q2 values of 0.43, 0.5,
1.0, 1.13, and 1.47 (GeV/c)?, are not included.

In Fig. 1 the projected data points from our proposed measurements
are shown, compared to the results from ¢ and the empirical fit from 7. We
plan to measure G% at Q% = 1.3, 2.4, and 3.4 (GeV/c)?, where the point
at Q?=1.3 (GeV/c)? will allow us to study model dependencies originating
from the use of a polarized 3He target and to facilitate the comparison with
experimental data obtained by other double polarization experiments. We
expect to achieve a statistical uncertainty in AGY /G of 0.14 in each of
the three data points. This accuracy is comparable to the precision of the
data on the proton, so a direct comparison of G% and G%, will be possible.
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The measurement at these momentum transfers is possible because of
several factors: firstly, the large acceptance BigBite spectrometer and a
neutron detector with an angular acceptance matched to the electron arm
results in a large solid angle which cannot be achieved with any of the
other standard detectors in Hall A or Hall C; second is the large degree
of neutron polarization in the Hall A polarized 3He target, which has a
luminosity capability which exceeds that of other polarized targets. The
use of the polarized 3He target together with the polarized electron beam
allows us to perform a double polarization experiment without the need to
use a polarimeter to measure the polarization of the recoiling neutron. Ad-
ditionally, due to the high momentum of the recoiling neutron, the neutron
detector can be built with a very high neutron detection efficiency.

In the following sections, an overview of the experimental apparatus
necessary to perform this experiment will be presented, as well as a brief
discussion of the theory input necessary to extract G'; from the measured
asymmetry.

2. Experimental Setup

As illustrated in Fig. 3, this experiment will study the scattering of polar-
ized electrons from a polarized *He target. The scattered electron will be
detected in the BigBite spectrometer, while a new, large solid angle scintil-
lator array, matched to the BigBite acceptance, will be used to detect the
recoiling neutron.

BigBite Trigger

Neutron Detector

electron

*He target

Figure 3. Layout of the experimental setup.
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The experiment will utilize the polarized 3 He target that has been con-
structed and successfully employed for a series of experiments in Hall A.
The target is based on the technique of spin-exchange optical pumping,
which can be viewed a two step process. In the first step, an alkali-metal
vapor such as rubidium (Rb) is polarized by optical pumping using radia-
tion from a laser. In the second step, the polarized Rb atoms collide with
3He atoms, transferring their spin to the 3He nuclei through the hyperfine
interaction. Both the Rb atoms and the >He are contained in sealed glass
cells.

The scattered electrons will be detected in the Bigbite spectrometer.
BigBite is a non-focusing large momentum and angular acceptance spec-
trometer that was originally designed and built for use at the internal target
facility of the AmPS ring at NIKHEF 2:3°, The spectrometer consists of a
single dipole magnet (maximum magnetic field 1.2 Tesla) and a detection
system. The detection system will be upgraded to cope with the high rates
possible at JLab. The original trigger plane will be replaced by a segmented
two-layer array of plastic scintillators, with the first AE layer consisting of
thin (3 mm) counters and the second E layer consisting of 3 cm thick coun-
ters. Each plane will be segmented into 24 elements which will be read out
on both sides by fast PMTs. There are also plans to replace the original
MWDC with MWPC to improve the rate capability. However, we wish to
employ the MWDC for this experiment because of their higher resolution.
The momenta of the scattered electrons in this experiment will be between
1200-1500 MeV/c. In order to make their field integral through the BigBite
dipole as large as possible, the magnet will be run at its maximum field of
1.2 T. To minimize field gradients at the position of the polarized Helium
target, a field clamp will be added to the spectrometer.

This experiment is focused on large momentum transfer, where the re-
coiling neutrons have kinetic energies of 0.7 GeV, 1.3 GeV, and 1.8 GeV.
Such large energies allow a high detection efficiency for neutrons, and at
the same time they allow us to apply relatively high thresholds to suppress
background from low energy particles. The proposed detector will have five
layers, with each layer separated by a 2.75 c¢m iron converter to increase
the probability of a neutron interaction in the detector. Each neutron bar
is equipped with two photomultipliers, one on each end. The front of the
detector will be covered by a segmented veto detector protected by a 2 cm
thick iron plate. Between the veto counters and the front layer of the neu-
tron bars, there will be an additional 3.75 cm thick iron plate to provide
additional shielding from low energy particles.
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2.1. Extraction of G%,
The asymmetry of the e-N scattering reaction can be written as
Aemp:Pe'Pn'D'V'Aphysu (1)

where P. is the polarization of the electron beam, P, is the polarization
of the neutron in >He and D and V are dilution factors representing the
dilution of the asymmetry from background and atoms other than 3He in
the target. The physics asymmetry, Aypys, is a function of the neutron
electromagnetic form factors and the polar (§*) and azimuthal (¢*) angles
of the target polarization vector relative to the ¢ vector:

2/7(7 + 1) tan(0/2) Ggn G pr Sin 0* cos ¢*
(GEn)? + (G )?(T + 27(1 + 7) tan?(0/2))
273/ 147+ (1+ 1) tan?(0/2) tan(/2) (G ara)? cos 6* @)
(GEn)? + (Gum)2(T +27(1 + 7) tan?(0/2)) '
As seen from Eq. 2, G% is nearly proportional to A;. However, due to

the large acceptance of the Bigbite spectrometer and the neutron detector
array, the perpendicular spin alignment can only be made for part of the

Aphys = -

acceptance, and longitudinal contributions to the asymmetry have to be
taken into account.

In practice, other effects have to be taken into account, such as relativity,
final state interactions and the fact that the neutron is embedded in the
nuclear medium. To model these effects, Misak Sargsian has calculated the
expected asymmetry A,pys in the Generalized Eikonal Approximation 3!.
This calculation will be used to extract the neuteron electric form factor
by varying the form factor used in the calculation until agreement with the

measured asymmetry is observed.

3. Conclusion

We will measure G% at Q* = 1.3, 2.4 and 3.4 (GeV/c)? through a measure-
ment of the cross section asymmetry of the reaction 3H e(e,e'n)pp. This
experiment will take place in Hall A, utilizing the BigBite spectrometer to
detect electrons scattered off the Hall A polarized 3He target, and an array
of scintillators to detect the recoiling neutron. There are no other accurate
measurements of G at these momentum transfers, and the existing data
in this kinematical range, extracted from quasielastic e — d scattering, have
large uncertainties and are compatible with G% = 0 as well as with the
Galster approximation.
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Knowledge of the neutron electric form factor G% is essential for the
understanding of the nucleon structure. Futhermore, it is a needed input
in the analysis and interpretation of processes involving the electromagnetic
interaction with nuclei. We propose to measure G to a statistical accuracy
of AG%/G% = 0.14, which would bring its precision to a level comparable
with that of the other Sachs form factors in this kinematical regime.
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