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Computing Requirements

This experiment will need one spectrometer (HRSE) and a neutron detector, We plan to
use the existing CODA system for data acquisiton. A typical event length for a spectrometer
event. is about 500 bytes, so a coincidence event using two spectrometers is 1000 bytes. We
use this as an upper limit, since we expect the event length for the neutron detector to
be smaller. Our maximumn signal rate for the @ = 0.7 GeV? point is about 3 Hz. The
background rates from (pn) conversions in the Pb shielding wall are less than 1 Hz. This
gives a total of about 4 kbytes/s, The total amount of data coming from real events will be
less than 3 Ghytes for the whole experiment. Background rates are expected to be small and
will not add significantly to the data rates. These amounts of data can easily be processed
and stored by the present JLab data acquisition resources.

The data will be analyzed at JLab as well as at collaborating institutes.
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Introduction

Experiment 96-005, “Electric Form Factor of the Neutron Extracted from the *Hele, e'nipp
leaction” was approved with B+ scientific rating at the Fobruary 1997 PAC mecting. Since
then there have been many important developments in the feld that we believe motivate
submission of an update at this time. Our goal is to obtain an upgrade of the scientific
rating and approval for a modest increase in the scope of the approved measurements.

The successful measurements of G at lower (2 at Mainz' ™ and NIKHEF® coupled with
the delays associated with executing the G program in Hall C at JLAB strongly suggest
that we should have the option of mounting the polarized *He experiment in Hall A as soon
as possible. This will require two issues to be resolved at this time. First, the scientific
rating should be increased to a value that is commensurate with the high interest in these
measurements in the scientific community and with the competitive Hall A schedule. Second,
the collaboration strongly feels that the program must include a range of (¥ that connects
with the Mainz data and offers a view of the Q¥ evolution of the results. Thus we are
requesting an additional 15 days to include Q* points of 0.7 and 1.3 GeV?, This range of {*
16 lower than our previous proposal (1-2 GeV?) to facilitate comparison with Mainz and to
. betier connect with the region where precise non-relativistic caleulations are now possible.

Recent Developments

There are several important recent developments regarding 3 measurements and the
performance of polarized *He experiments. Figure 1 shows the recent measurements per-
formed at Mainz and NIKHEF in the low QF range (Q* < 0.7 GeV?). It is clear that
there has been considerable progress and that the strategy of comparing measurements from
deuteron and *He targets will be crucial in establishing a reliable and aceurate picture. The
apparent disagreement between the deuteron measurement® and the polarized *He target,
measurement? near Q¢ = 0.35 GeV? has led to increased efforts to examine the corrections
due to FSI and MEC in both methods. Indeed, substantial FSI corrections have led to
revisions in the extracted values of G% from the deuteron data (particularly at the lowest
Q% < 0.2 GeV?). In addition, new theoretical caleulations are in progress to address the
role of F51 and MEC in the polarized He case®. It is likely that the PWIA analysis used to
obtain the polarized *He result is not sufficient. for reliable extraction G at this low ¢ and
a more complete theoretical treatment is required. Indeed, FSI effects are not negligible for
the deuteron at this Q° and one expects that *He will require even larger corrections, It is
clear that when this discrepancy is resolved we will have a great deal of confidence in the
results.

The polarized *He results! at @* = 0.67 GeV? seem to connect well with the trend of
the lower (* deuteron measurements. It is expected that the effects of FSI are significantly
smaller at this higher § because the (p,n) cross section decreases rapidly with energy in
this range of @*. This argument. is supported quantitatively by the ealeulations of Laget”.
The correction to the extracted value of % for these effects is estimated to be less than
10% at the Q% = 0,67 GeV? Mainz kinematics'. Thus it appears that at Q2 = 0.7 GeV? the
PWIA analysis should provide a reliable baseline for extraction of G

Since the submission of our original proposal, the measurement technigues we proposs to
use have been shown to be a powerful method of addressing the neutron form factors. The
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Figure 1: &} results from recent experiments. The open squares are d(£, e'fi) measurements

from Mainzl-'*'_. The filled squares are *He(&, e'n} measurements from Mainz™'. The open
triangle is a d(&, ¢'n) measurement from NIKHEFS,

Mainz program of measurements of G at low 0 has been very successful. The feasibility
of using & polarized “He target and the coincidence (e, &'n) has been definitively established.
In addition, the extremely successful running of two experiments at JLAB in Hall A in
1998-% demonstrated that the polarized *He target developed by our eollaboration is reli-
able, robust and, when coupled with the superb performance of the JLAB aceelerstor and
spectrometers, provides an outstanding facility for measurements of the properties of He
and the newtron. {Omne of these recent experiments addresses the important related question
of & precise determination of G7,.)

Taken together, these developments demonstrate that the feasibility of the proposed
measurements is beyond question, The experience at JLAB shows also that the polarized He
target experiments are, from an experimental viewpoint, relatively straightforward. On the
other hand, the experiments to be performed at JLAB on the deuteron are technically more
complex, requiring substantial new equipment setups and a high-field polarized target with
all its associated difficulties. We believe that the polarized *He method currently presents a
more straightforward and reliable experimental technique which will provide significant new
information about G} on a short time scale. Thus, timely scheduling of the polarized *He
measurements provides Jefferson Lab with a unique opportunity to address the issue of [
in a complete and responsible manner in this interesting kinematic range.



Physics Issues

The basic issue regarding the measurement proposed here concerns the theoretical calen-
lation of the asymmetry in quasiclastic electron scattering from polarized "He as a function
of the value of &%, Important early theoretical studies confirmed the basic concept that po-
larized "He could be used as an effective neutron target®. Largely motivated by experimental
data, the theoretical community has made great progress in the treatment of this problem
in the last few years. We now have complete spin-dependent spectral functions® that allow
essentially exact treatment of the initial state and facilitate much-improved PWIA ealeu-
lations. Treatment of the three-body final state has seen tremendous recent progress. The
group of Gliackle, Ishikawa, ef al. has developed a method of exact non-relativistic treatment
of the 3N final state'™'!'. This technique enables caleulation of the important FSI effects
in the *He(e, ¢'n) reaction, the same one we propose to employ in our measurements. This
group of theorists is presently working to include MEC effects in the calculations as well,
At that point, we will have an essentially exact non-relativistic theoretical treatment of the
*Hefe, e'n) reaction. This will allow a com plete study of the corrections due to FSI and MEC
as & function of Q% in the non-relativistic region covered at Mainz, NIKHEF, and Bates,
Thus there will be a detailed study of the Q? evolution of these effects and comparison with
€Ver more precise measurements. (Note that our proposed higher precision measurement at
QE = .7 will be an important part of this gtudy.} Thiz will then enable a convineing quan-
titative estimate of the small corrections that are expected in the range of (J we propose
for the JLAB measurements. Since one expects the PWIA to become an increasingly better
approximation in the higher @ kinematic regime, it should serve as an excellent hasaline
for extraction of G from the proposed *He(e, ¢'n) asymmetry measurements.

We should also note that substantial experimental effort will be devoted to studying the
related unpolarized *Hele, e'p) reaction in our proposed kinematic range next year at JLAB
{E89-044). This study includes separation of the unpolarized response functions and will
provide precise data to test the theoretical tachniques that are relevant to the interpretation
of our experiment.

The recent history of this subject clearly illustrates that the messurements of spin-
dependent quasielastic electron scattering from polarized *He have motivated the develop-
ment, of improved theoretical treatments'!. The early measurements of inclusive scattering
at Bates by the MIT/Caltech collaboration and the recent measurements at Mainz were
essential in focussing the attention of the theoretical community on this topic. Although the
theory that was originally used to motivate those measurements needed substantial enhance
ments, this program has in fact led us to the present era where the new theoretical tooks
motivate increasing the precision and kinematic range of these measurements. The history
of this subject clearly indicates that it is imperative to vigorously pursue the experimental
program, and that the theoretical community will respond with the tools to better interpret
the measurements. We believe that this is still the case at present and that approval of these
proposed measurements with increased scientific priority will add the necessary impetus to
move the subject forward.



FPropoged Hun Plan

The run plan we propose includes three @? points at 0.7, 1.0, and 1.3 GeV?  The
parameters wsed in the estimates of running times and experimental uncestainties are based
on the recent running experience in Hall A for experiments 04-010 and 95-001 over a period of
several months in 1998-99. We take the target polarization to be 32%. the beam polarization
as 70%, the spectrometer solid angle as 5 msr, and the momentum acceptance of HRS js
+4%. We conservatively assume 12pA beam current, although there is evidence that the
target could reliably run with the 15pA we assumed in our original proposal. The neutron
detection efficiency {12%) and the neutron detector area {120 em % 120 cm) are also as before.
For incident beam energies of 3.245 and 4.045 GeV, we obtain the rates and uncertainties
shown in Table 1. We plan to lower the beam energy for the lowest F point to increase the
scattering angle. This helps to minimize the background from the end windows of the target.
The uneertainty listed is a quadratic sum of the statistical and svstematic errora. Time is
included for beamn and target polarization measurements: we will need to add 2 additional
days for background studies,

Tahble 1: Estimated running parameters

E[GeV] [ @ [GeVY] | 6, | Rate [Hz] | Beam time [days] Sk
J.245 0 15.8% 28 ] 0. 7%
4045 1.0 15.3° 1.3 & 10.8%

4045 1.3 178° | 035 14 12.2%

Thus we request a total of 29 days, an increase of 15 davs over our approved 14 days,
to enable measurements at the additional Q* peints at 0.7 and 1.3 GeV?, The projected
measurements and uncertainties are shown in Figure 2,

This will provide a data set that connects with the lower F data from other laboratories
(with better statistical precision) and that shows the Q¥ evolution in the expanded kinematics
available at Jefferson Lahb.

Collaboration Responsibilities

The collaboration has developed considerable experience and expertise during the two
experiments using the polarized *He target that ran at JLAB during the last vear. Both of
these experiments were extremely successful. The polarized target is currently set up off-line
al JLAB for tests and will be maintained in a state of readiness for future EXPETILAnLS,

The other major item we need to supply is the neutron detector array. The Kent State
collaborators already have the hardware in hand for this detector and are prapared to provide
it for this experiment subject to scheduling constraints from other commitments.

Finally, Jefferson Lab is requested to provide the items as for our previous two polasized
“He experiments with the addition of neutron detector shielding,
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Figure 2: Projected results (solid squares) for the proposed JLAR measurements along with
previously reported results (open circles) from Maing.
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