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The capabilities of CEBAF coupled with a pair of high resolution spectrome-
ters will allow high precision measurements of polarization observables in (€,e'B).
These observables should provide new constraints on the nuclear structure and re-
action models. We have chosen a favorable kinematics which will allow extraction
of all three polarization observables at § = 1.26 GeV/c. The polarization asym-
metries about ¢ will also be extracted. In another set of measurements we plan to
study the qﬁ dependence of the reaction at zero recoil momentum. The analogous
2H(€,e'T)p reaction at p, = 0 is expected to provide precise information on the
electromagnetic form factors of the neutron provided nuclear corrections can be
handled. Our measurements will therefore test the validity of reaction models for
deuterium.

Date Description Beam Hours Energies Max. Luminosity
Oct. 31,1080 L2H(&e'P) 708 1.64.0 GeV  2.8%x10%%cm—2gec—!
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1 Introduction and Motivation

The (e,e’p) reaction is a powerful tool for investigating the one-body character
of the nuclear response. At quasielastic kinematics the Impulse Approximation
(IA) has been shown to provide a reasonable description of the knockout process.
To the extent that this approximation is valid, the (e,e’p) cross section factors
into a nuclear spectral function containing all the nuclear structure information
times & part which describes the interaction of the electron with a constituent
nucleon.! This simple picture thus allows the extraction of the nucleon “hole”
spectral distribution from which the excitation energy spectrum of the residual
nuclear system as well as the momentum distribution of bound nucleons can be
determined. In addition, if the spectral function is known or fixed the {(e,e'p)
process can provide a characterization of the half-off-shell electron-nucleon vertex
revealing information on the form of the off-shell nucleon current operator as
well as the electromagnetic form factors of nucleons embedded in the nuclear
medium. Such information is crucial to a complete understanding of the reaction.
There is no unambiguous method for extrapolating theoretical r_xucleon models off
the mass shell? and, thus, experimental input is vital to our understanding of
medium modified nucleons. This knowledge is clearly essential if one is to have a
complete understanding of the {e,e’p) reaction for complex nuclei. Clearly, spin
degrees of freedom are an important missing ingredient in constraining the reaction

mechanism.

In recent years the theory of the spin structure of the electromagnetic current
has been developed in some detail in anticipation of the new high duty factor
electron facilities. Among others, Donnelly has developed a theoretical frame-
work for studying polarization experiments including electron beam helicity, target
and recoil polarization and photon angular correlation measurements. A detailed
analysis of the polarization response functions in (€,e’p) has been developed by
Picklesimer and Van Orden.* Their analysis shows that there are 18 independent

response functions in the general case, for a polarized electron beam, involving
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proton polarization and non-coplanar kinematics:
dc  m|p’| [ do
dwdedQ, ~ 2(27)3 [dQ. ],

+vrr((Rrr + RF75,) cos 24, + (Rbp Sy + R%7.5:)sin 2]
+ver[(RLr + REpSn) cos ¢z + (RLp St + RLpSe) sin ¢]

+ hver [(Rozs + RE7uSp) sin ¢z + (RLpi St + RE 7 S:) cos ]
+ hvpr(Rpqe St + Ry1uSe) }.

x {vL(Rr + R} Sn) + vr(Rr + R}Sy)

(1)

The response functions, R, depend on ¢, w, Tp (the proton kinetic energy) and
6; (the proton angle with respect to ¢ ). ¢z is the angle between the electron
scattering plane and the plane containing § and the detected proton. The v’s are
known kinematic factors weighting the various virtual photon polarization states
and [do/df.|rmoee is the cross section for scattering from a structureless Dirac
particle. The S’s are the three components of a unit vector pointing along the

proton spin direction. For coplanar kinematics the polarization dependent part of
the cross section simplifies to:

*c  m|p’| [ do
dwd.d0l, ~ 2(27)3 | dN, Mott

{[vLRESn + vT R2Sn + vrr R3S, cos 24, ]

+vLTR7pShcos ¢,
+ hvrr RS 7 St cos ¢ (2)
+ hvpr+ Ry 1St cos ¢
+ hvrri R0 Si
+ hvrri RyqiSi }.
For coplanar kinematics since only the normal polarization component is helicity
independent, all three polarizations can be separated in a single measurement,

assuming a favorable spin precession angle. In addition, by making measurements
on either side of ¢’ one can separate the even and odd contributions.

A fundamental understanding of the nuclear current begins with understanding the
electromagnetic form factors of the underlying nucleonic degrees of freedom and
then by understanding the character of the nucleon-nucleon interaction. The latter

is best revealed by studying the only fundamental two-body system, the deuteron.
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These elementary systems provide essential constraints for understanding more

complex systems.

Naturally, a characterization of the free nucleon form factors is of paramount im-
portance both for its own sake and as a starting point for realistic off-shell nucleon
models. The neutron electric form factor is practically undefined by the present
data. Furthermore, beyond ¢3=1 (GeV/c)? the proton electric form factor is also
badly known. So far, nucleon form factors have been extracted with Rosenbluth
separation techniques. The longitudinal cross section is proportional to G% and
thus provides a measure of the electric form factor. However, at high momentum
transfers the scattering process is predominantly transverse and so the uncertain-
ties on G using this method are quite large. By contrast, a measurement of
polarization transfer in (€,e'p) or (€,e'fi) can provide a much more accurate de-
termination of Gg. At quasifree kinematics in the Impulse Approximation, the
transverse poiarization component is proportional to the product GgGas rather
than G%.5 A measurement of G, using this technique at & single momentum
transfer is planned for the Bates laboratory.® Detailed analyses by Arenhével”
and Korchin et al.® indicate that the experiment should be remarkably insensitive
to the details of the nuclear model including the choice of wavefunction, FSI and
MEC’s.

As one moves away from the quasielastic peak, model dependences can become
significant, as indicated by a calculation of Arenhdvel” as shown in Figure 1. In
particular, the normal component of polarization which vanishes in the IA can be
quite large when FSI are included. Rekalo et al. have published a relativistic IA
calculation of the dominant helicity dependent amplitudes in the kinematic do-
main relevant to CEBAF.®? Their calculation of the proton transverse polarization
component in D(€,e' )n for four momentum transfers from ¢3 = 0.5 to 2 GeV?/c?
is shown in Figure 2. Although the analysis is incomplete since it neglects impor-
tant ingredients such as FSI and MEC, it indicates that significant polarizations
and polarization asymmetries can be expected. Complete relativistic calculations
are underway by Gross and Van Orden.1?

In this proposal we describe a first set of measurements to determine the polariza-
tion response functions in D(€,e'P )n. A measurement of the angular distribution of
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Polarizations from Arenhovel
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Figure 1 Polarization observables for 2H(lé'.e'f)‘ )Jn as calculated by Arenhdvel for an
incident electron energy of 899 MeV and electron scattering angle of 60°.
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Figure 2 Calculation of Rekalo et al. for the transverse polarization component (di-
vided by the transverse cross section. or) for various G parameterizations. The

four kinematics shown correspond to g2 (in GeV?/c?) and E™ (in MeV) respectively
of (a) 0.5 and 128: (b) 1 and 250; (c) 1.5 and 365; (d) 2 and 473.

the polarization response will provide important constraints on the nuclear model.
We have chosen the kinematics to optimize the extraction of all three polarization
amplitudes by picking a proton energy such that the normal and longitudinal com-
ponents are precessed by 45° in the vertical bending HRS magnets. The normal
component is helicity independent and can therefore be separated from the other
two components. In addition, by making in-plane measurements to the right and
left of §'{¢, = 0, ), the polarization asymmetries can be measured. By use of high
luminosities, a recoil momentum of 300 MeV/c can be reached which is significant
on the scale of the maximum of the S and D state interference.

Another set of measurements will examine the g5 dependence of the (&e'p) re-
sponse at the top of the quasielastic peak. Since the neutron electric form factor
is poorly known the analogous (€,e'fi) experiment will be unable to distinguish
between interaction effects and differences in G%. However, such model depen-

dences may be examined using the proton knockout reaction 2H(€,e'f)n. We
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propose to measure this reaction for several momentum transfers from § = 0.5
GeV/c to §=2.5 GeV/c at zero recoil momentum. Such a systematic study will
provide a sensitive test of deuteron models and should also stimulate the activity
of theoretical groups able to do relativistic calculations. This set of measurements
should logically be performed at the same time as proposed measurements of G¥;

via p(€,e'p).1!

It is clear that measurements of polarization observables will play an important
role at CEBAF where the high duty factor will make statistically precise measure-
ments possible. Indeed, such measurements are required for a complete determi-

nation of all the electromagnetic nuclear structure functions.!?

2 The Experiment

The experiment involves measuring the polarization of a proton after being scat-
tered quasielastically by a longitudinally polarized electron. What is measured is
the proton spin orientation relative to the incident electron helicity. For the special
case of parallel kinematics (protons detected along § ), assuming the interaction
conserves angular momentum and parity, there are three polarization structure
functions which survive. Two of these, pi and p}, require a polarized electron
beam; the third, p,, is an induced polarization and is helicity independent. The
transverse component of the recoil proton polarization (i.e. the component in the
scattering plane and perpendicular to the proton momentum), p}, is related to the
electron beam helicity, &, as:

pi = hDy. (8)
The longitudinal component (i.e. along the proton momentum direction) is given
by

pi = hDy. (4)
Here, the D’s represent the polarization transfer coefficients. (In parallel kinemat-

ics the polarization transfer component normal to the electron scattering plane,

Ph, i8 zero.} Arenhével predicts that at p, = 0 the two components of polarization
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in the scattering plane are very nearly the same as for elastic ep scattering.” These
can be written in terms of the elementary nucleon form factors, Gz and Gj:8

IoDy = —2+/ T(I + T)GMGE ta.nﬂ,/Z

Dy = ) 6 a2 ®)

where

Io = G% +7G3 [1+2(1 + r) tan?6,/2] (6)
and eg (¢’) is the electron initial (final) energy, 4, is the electron scattering angle,
m is the proton mass and r = ¢2/4m?. The spin component from which G is
extracted is transverse and thus does not precess in a vertically bending spectrom-
eter. In addition, although for parallel kinematics in IA no proton polarization
can occur for unpolarized electrons, an induced polarization normal to the electron
scattering plane will result from np final state interactions; such a component will
also be affected by the presence of MEC’s and IC’s. The Arenhével prediction for
this component is very smaell in the ¢ direction, but reaches measurable size for
fgn > 30° (where 857 is the proton angle relative to ¢ in the final np center of
mass system). Note that FSI may produce large normal polarizations on complex

nuclear systems.!3

For general coplanar kinematics one can determine polarization asymmetries as
well. These asymmetries are characterized by a cos ¢, dependence in the corre-
sponding response functions and therefore change sign on either side of §. By
constructing sums and differences of the polarization response, one can extract
six different observables for fixed electron kinematics (the six observables are each
given on a separate line of Eq. 2).

As mentioned above, the transverse polarization component does not precess to
first order. On the other hand, the normal and longitudinal components precess
about the spectrometer magnetic field direction. Thus, in general, the polarime-
ter is capable of measuring the transverse component as well as a mixture of the
longitudinal and normal components. However, because in parallel kinematics the
longitudinal polarization is helicity dependent while the normal term is helicity
independent, under favorable conditions both the normal and longitudinal com-
ponents can be separated. In the polarimeter coordinate system (X axis along the
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momentum dispersion direction, Y axis normal to the bend plane and Z axis along
the proton momentum direction) we have for the components of polarization after
precession by an angle x through the spectrometer:

Px = pncos x + pysiny
PY = Pt (7)

Pz = —ppsiny + p; cos x.
The precession angle is given by

x = T=>=105p (8)

where g is the proton gyromagnetic ratio (=5.588), 4 is the Lorentz factor (=
E,/m) and f1p is the total bend angle for the spectrometer central ray.

Arenhdvel has calculated polarization observables for the 2H(&,e'p )n reaction. His
results for an incident electron energy of 899 MeV and electron scattering angle of
60° are shown in Figure 1. The polarization amplitudes which are not shown in the
figure vanish for coplanar kinematics. These calculations are nonrelativistic and
for much lower energies than for the measurements being discussed here, but they
are the only realistic calculations currently available and serve to illustrate the
relevant points. For zero recoil momentum, 05n =0, the effects of FSI, MEC and
IC are predicted to be quite small. The longitudinal component of polarization
(which is measurable due to the spin precession in the spectrometer) is similar
in magnitude to the expected value of the transverse component. The normal
component can also be separated but, according to Arenhével’s calculation, the
expected value is quite small. However, in contrast to the / and ¢ components
which are expected to be predominantly one-body in character, the n component

is zero in the absense of np final state interactions.

3 ¢} Dependence Study

In order to test the validity of various reaction models for deuterium, we plan
to measure the D(€,e’D )n reaction at quasifree kinematics. These kinematics are
similar to those for the analogous D(€,e'fl )p experiment to extract G. The kine-

matics are centered at p,=0 and will provide a study of the g, dependence of the
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reaction; they are given in Table 1. A minimum angle of 13.7° for the electron
arm and a maximum beam energy of 4 GeV have been assumed. The preces-
sion angle, x, is also given in Table 1 (assuming a spectrometer bend angle of
45°). Since the longitudinal polarization depends on the incident electron helic-
ity whereas the normal component does not, both the longitudinal and normal
components can be determined for favorable precession angles. The proton form
factors and polarizations obtained with the dipole model are shown in Teble 2 for

each kinematics.

Table 1
Kinematics
Kin €o q E w T, g, 0y X
GeV GeV/e MeV MeV MeV deg deg deg
1 1.600 0.5 62 127.1 124.9 18.12 ~66.40 91
2 4.000 1.0 208 435.2 433.0 13.69 —57.65 118
3 4.000 1.5 378 833.2 831.0 20.19 —46.75 152
4 4.000 2.0 554 1273.1 1270.9 27.01 —38.26 190
5 4.000 2.5 727 1734.2 1732.0 34.80 —31.15 230
Table 2

Form Factors and Polarizations (Dipole)

Kin |g2 (GeV?/c?) GE G, Dy, Dy
1 0.23 0.566 1.58 | —-0.127 10.0925
2 0.81 0.218 | 0.609 |-0.136 | 0.185
3 1.56 0.0981 | 0.274 | -0.167 | 0.317
4 2.38 0.0528 | 0.148 | —0.196 | 0.471
5 3.24 0.0323 {0.0902 | —0.214 | 0.625

Count rate estimates were made assuming the spectrometer acceptances given in
Table 3. For the singles rate estimates the full acceptances are considered. In ad-
dition, the rates with a cut on w corresponding to the maximum of the quasielastic

peak were also calculated. The accidentals rates are calculated assuming cuts in
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Table 3

Assumed Spectrometer Acceptances

Quantity Electron Arm Proton Arm
momentum +5% +5%
ov 465 mr +65 mr
0y +30 mr 130 mr

missing mass (a resolution of 1 MeV is assumed), w and making use of the excellent
vertex resolution (+ 1 mm) of the spectrometer pair.

The (e,e’) cross sections were calculated with the computer code, QFSV!4 which
employs a Fermi gas model to compute the quasielastic component and includes
contributions from the delta and higher resonances. The cross sections integrated
over the momentum acceptance of the electron arm are given in Table 4 without
cuts as well as with a cut on w corresponding to the region of the quasielastic peak.
Counting rates are given in Table 5 and assume & luminosity of 150 pA-g/cm?,

Table 4
Integrated Single-Arm Cross Sections

Kinematics |(e,e) l(e,e’) w/ w cut [(e,m=) [(e,p) (e,mt)
nb/sr nb/sr nb/sr (nb/sr [nb/sr

1 1480 1250 6.70 |[56.8 | 16.2

2 186 146 155 139.6 | 26.8

3 8.21 7.84 14.7 | 624 | 29.1

4 0.827 0.801 14.1 | 422 | 254

5 0.187 0.129 13.3 | 335 | 10.5

The (e,p), (e,+) and (e,x~) cross sections were calculated with the electro-
production code, EPC.! The (e,p) cross section is approximated by the (v,p)
cross section times a factor corresponding to the virtual photon flux:15
do _ Ne(w) , doy (©)
dQl,dE, Wo aq,
This assumes the dominance of the transverse component and the forward peaking
approximation (FPA) since most virtual photons arise from near 0° scattering of

(11)
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Table 6
Single-Arm Counting Rates (Hz)

Kinematics (e,€’) (e,e’) w/ w cut (eyr™) (e,p) (e,xt)
1 3300000 2800000 15000 130000 36000
2 410000 320000 34000 87000 50000
3 18000 17000 33000 1400000 65000
4 1800 1700 32000 930000 56000
5 380 280 30000 740000 23000

the electron. Here, R is & recoil factor and wp is the energy transfer in the FPA.
Ne(w) is the virtual photon spectrum. For deuterium the (7,p) cross section for
scattering to the pn channel is taken from a fit to deuteron photodisintegration
data.!® For the quasifree pion production region a Breit-Wigner form was used in
the delta region with appropriate angular dependences, and above that the cross
section was assumed to be uniform and isotropic in the center-of-mass frame.
Integrated cross sections and singles rates are given in Tables 4 and 5 respectively.

The (e,e'p} cross sections were calculated with the computer code MCEEP.!7 This
code performs a folding of the cross section over the experimental acceptances and
gives realistic count rate estimates for any desired kinematical cut. It also evaluates
systematic and statistical contributions to the experimental uncertainties. The
nuclear model used for the present count rate estimates assumes the validity of
the Plane Wave Impulse Approximation (PWIA); thus, the (e,e’p) cross section
factors into an elementary ep off-shell cross section times a quantity which contains
the nuclear structure information, the spectral function:!

1.
Ceep = K"epgs(?n €m) (10}

where K is a kinematical factor. The recoil factor, n, for scattering to a bound
state of the residual nucleus is given by

(11)

where Ep(,) is the total energy of the detected proton (recoiling system) and 7’ is
the proton final momentum. The spectral function, S, represents the joint prob-
ability for finding within the nucleus a proton of momentum —p, and separation
energy €;,. All of the dependence on virtual photon polarization is contained
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Figure 3 Deuteron momentum distribution as measured by Bernheim et al.!® Also
shown are the Krautschneider and Paris parameterizations.

within the ep cross section. Many ambiguities exist in the extrapolation of the on-
shell cross section to that for a bound proton. However, all prescriptions are fairly
consistent for protons which are nearly on-shell. Here, the “CC1” prescription of
de Forest is used for 0.p.? The bound state spectral function is given by

S5(Pr.em) = Id’(Pr)lz's(‘m — &) (12)

where ¢, is the binding energy (=2.2 MeV for deuterium). The |#(pr)|? are taken
from the parameterization of Krautschneider:18

1 1)\?*
P =4aN[= - = 13
o) =4nv (3 - ) (13)
with T 2, )
o R (14)
T3 = p} + k3.

The constants k; = 2088 (MeV/c)? and k3 = 67600 (MeV/c)? reproduce the shape
of the experimental distribution up to p, ~ 300 MeV /e quite well. The distribution
was normalized to yield one proton (N=0.638 MeV/c). Figure 3 compares this
shape with the data of Bernheim e al.1° Also shown in the figure is the deuteron
momentum distribution derived from the nucleon-nucleon interaction of the Paris
potential.?? Below p,=300 MeV/c the Paris and Krautschneider parameterizations
are nearly identical.
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Coincidence rates with and without cuts are given in Table 6. Accidentals rates
assume a coincidence resolving time of 2 ns base width and reflect cuts in missing
mass, w and a test for a consistent coincidence vertex. The raw signal to noise
ratio is so favorable for all cases that it is not explicitly tabulated.

Table 6
Coincldence Rates

Kin w range |p.| range trues accid
MeV MeV/c sec™! sec™!
1 54201 full 98000
‘ 111-143 0-30 42000 3.03
2 257613 full 16000
403467 0-30 - 2700 0.087
3 675-992 full 2600
785-881 0-30 380 0.050
4 1137-1409 full 650
1209-1337 0-30 96 0.0025
5 1621-1848 full 170
1654-1814 0-30 33 0.00026

In addition to kinematical cuts, one must consider only those coincident events
which scatter usefully in the focal plane polarimeter. The cross section for scatter-
ing a polarized electron from an unpolarized proton followed by a second scattering

of the outgoing polarized proton from an analyzer is (for parallel kinematics):??
o =00 |1+ piAysindy + (pn cos x + p}sin x) Ay cos @3] (15)

where ¢; is the azimuthal angle of the secondary scattering, A, is the analyzing
power, 0p is the unpolarized cross section and x is the precession angle in the
proton spectrometer. By measuring the ¢, distribution in the polarimeter one
can extract, through Fourier analysis, the polarization components p}, p} and p,,.

The absolute statistical uncertainty in each polarization component is

where A_, is the analyzing power averaged over an angular cone for which A4, is
substantially different than zero (proton angles greater than ~ 3°), f is the fraction
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of events which scatter into this cone and N is the total number of events detected
in the spectrometer focal plane. Shown in Table 7 are the polarimeter figures of
merit for each kinematics. The numbers given are reasonable extrapolated values
from recent measurements at Saturne.3? Since this experiment involves measuring
an asymmetry with respect to the incident electron helicity most of the systematic
errors cancel.

Table 7

Polarimeter Figures of Merit

Kin A,
x10-3
0.63
17.5
9.8
6.6
5.3

QU o | QO N[

Shown in Table 8 are the counting times and resulting absolute statistical uncer-
tainties in Dy = p}/h assuming a luminosity of 2.8 x10%%cm—2sec~! and a beam
polarization of 40%. The tota! acquisition time for the g,, dependence study is 248
hours. A beam polarization of 80% will reduce this time estimate by a factor of
four.
Table 8
Counting Times

Kin 6Dy, time (hours)
(absolute) Linax = 150pA-g/cm?

1 0.01 1.62
2 0.01 0.91
3 0.01 11.5
4 0.01 67.6
5 0.015 109
TOTAL 191
TOTAL after rad. corr. 248
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4 Angular Distribution Study

For the angular distribution study we plan to work at a fixed electron kinematics
{see Table 9) and measure the proton yield as a function of the opening angle
relative to ¢. Measurements on either side of ¢ will allow a separation of the
odd and even response functions up to a recoil momentum of 300 MeV/c. The
momentum transfer was chosen to give & precession angle of 135° which optimizes
the simultaneous extraction of the normal and longitudinal components for a 45°
vertical bend spectrometer.

Table 9
Kinematicq for Angular Distribution Measurement

q € w ) €
GeV/c MeV MeV deg
1.259 4000.0 634.1 17.05 0.943
Kin pr Tp 0p grn
MeV/c MeV deg deg
0 0 631.9 —51.60 0
50A 50 630.5 —49.33 5.27
50B —53.88 '
100A 100 626.6 —47.05 10.51
100B —56.16
150A 150 620.0 —44.77 15.78
150B —58.44
200A 200 610.9 —42.47 21.04
200B —60.73
250A 250 5990.2 —40.17 26.30
250B —63.03
300A 300 585.2 —37.86 31.57
300B —65.35

The experimental methodology is the same as described in the previous section.
However, since the electron arm is fixed it also provides a useful relative luminosity
monitor for these measurements. Tables 10 and 11 show the energy-integrated
single-arm cross sections and rates respectively. Coincidence rates are shown in
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Table 11 as well. Counting times are based on extraction of the even (e) and
odd (o) components of the transverse polarization transfer coefficient, §Df;°, to a
statistical precision of 0.01 except for the highest recoil momentum point where it
is 0.015. The number of counts required per measurement, N, for a given accuracy
in D};° is given by

2

605 = —T—
i) 8h3A, fN

where
D;;° = [Du(¢z = 0) £ Dy (¢ = )] /2.

The determination of the longitudinal coefficient is less accurate by a factor of /2
because of the precession angle of 45°. The same factor occurs for the normal com-
ponent but this is compensated for by its helicity independence. Counting times
are shown in Table 11 assuming a beam polarization of 40%. Total acquisition
time after radiative corrections is estimated at 393 hours.
Table 10 .
Cross Sections for |¢(p.)|? Measurement
Ocet = 37.7 nb/sr
Our~ = 15.4 nb/sr

Kin (esp) (e,xt)

nb/sr nb/sr
0 846 28.1
50A 964 28.8
50B 757 274
100A 1040 29.5
100B 718 26.6
150A 1030 20.8
150B 877 244
200A 819 30.6
200B 651 14.7
250A 575 30.9
250B 622 6.10
300A 274 31.3

300B HOR 0
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Table 11
Counting Rates for Angular Distribution

(e,e’) Rates: 82900 sec—!
(e,m~) Rates: 34000 sec™!

Kinematics (e,p) (e,;t) | trues | accidentals | S/N time
sec™1 sec™! sec™! sec™! hours
0 1860000 30100 5800 309 28200 0.3
50A 2120000 63400 7660 352 16400 0.4
50B 833000 60400 3040 276 21400 0.4
100A 2280000 65000 1180 379 4690 14
100B 1580000 58600 1350 262 7730 1.2
150A 2280000 65600 200 377 1150 5.5
150B 1490000 53800 387 247 2350 4.1
200A 18000C0 67400 73.8 299 370 21.5
200B 1430000 32200 128 238 810 124
250A 1270000 68000 20.7 210 148 76.7
2508 1370000 13400 48.6 227 321 32.6
300A 602000 69000 6.43 100 " 96.4 109.7
300B 1320000 0 19.7 218 135 35.8
TOTAL 302
TOTAL after rad. corr. 303

5 Experimental Equipment

In addition to the standard Hall A coincidence setup which consists of the two
high resolution spectrometers, we will require both a polarized beam and a recoil
polarimeter in the hadron arm. We also require high power liquid deuterium and
hydrogen targets.

In order to maintain a favorable signal-to-noise ratio at high recoil momenta,
good missing mass and vertex resolution are required. The dynamic range of this
experiment requires spectrometers with a momentum range of ~ 1 GeV/c to 4
GeV/c with a premium on reaching small angles.

For the standard electronics we plan to use pairs of vertical drift chambers to
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determine the final particle trajectories. Because of the rapid variation of the
coincidence cross section across the acceptance, the focal plane must be uniform
and well understood. Additional instrumentation is required for accurate timing
and particle identification. In particular, pion rejection in the electron arm will

require the use of both Cerenkov and shower counters.

To minimize running times, high luminosity and the ability to view extended
targets is required. The Hall A collaboration is developing high power liquid
targets capable of sustaining full beam current on an extended target cell of 10~
15 ¢m. In addition, we will need to have CH; and !2C targets in the ladder for
additional normalization checks. Also, a BeO screen will be required for alignment

checks.

A major part of the effort will involve constructing and testing a focal plane
polarimeter. A baseline design uses horizontal drift chambers before and after a
graphite analyzer. To minimize data processing bottlenecks, we plan to make a
hardware cut on the second scattering angle to preselect events having a useful

figure of merit. Figure 4 shows the focal plane electronics for the hadron arm.

Details of the spectrometers and instrumentation can be found in the Hall A

Conceptual Design Report.?®

5.1 Beam Time Summary

The total beam time needed for these measurements is shown in Table 12. Acqui-
sition times are based on a luminosity of 2.8 x10%®cm=3gec—! and a beam polariza-
tion of 40%. Data acquisition times can be reduced by a factor of four if the beam
polarization increases to 80%. The beam time estimate includes time for hydrogen
normalizations, various other calibrations and tests and overhead associated with
momentum and angle changes. The total time required for this experiment is 708

hours which would be reduced to 209 hours at the higher beam polarization.
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Table 12
Beam Time Summary

Measurement time (hours)
Lmax = 150uA-g/cm?

g3 dependence 248
Angular distribution 3903
Hydrogen norm. 25
Tests and calib. 24
Angle/field changes 18
TOTAL at 40% polarization 708
TOTAL at 80% polarization 209
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