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Abstract

We propose to measure the two polarization response functions Rl
and Rj7. in the d(&,e'fi)p reaction at Q% = 0.30 (GeV/c)? with a
polarized electron beam of 1.6 GeV. The measurements will be per-
formed at 877 = 38° by detecting neutrons on each side of ¢ in quasi-
perpendicular kinematics; 657 is the angle of the emitted neutron with
respect to the three momentum transfer in the center-of-mass sys-
tem of the deuteron. These measurements are expected to be sen-
sitive to final-state interactions, meson-exchange currents, and rela-
tivistic effects, and are intended to provide tests of various models of
these effects. These measurements will complement similar measure-
ments of the proton polarization in the electrodisintegration of the
deuteron. Measurements of response functions from a recoil neutron
in the d(¢€,e'@)p reaction are essential for a complete description of
deuteron electrodisintegration. This experiment will begin to provide
the necessary neutron measurements and will allow one to look for

differences between the neutron and proton measurements.



1 Introduction and Physics Motivation

The electrodisintegration of the deuteron is a relatively simple process and allows
one to study both nuclear and subnuclear degrees of freedom [Si79, AuB85]. At
low energies, the process is especially useful for the study of the deuteron wave
function and the NN interaction [Ar91]. At higher energies, the process becomes
sensitive to meson-exchange currents (MEC), isobar configurations (IC), relativis-
tic corrections (RC), and, eventually, to quark-gluon degrees of freedom.

We propose to measure the transverse polarization of the ejected neutron in the
d(€, e'i)p reaction using a longitudinally polarized electron beam. Separate pro-
posals have been approved at Bates {Ul91] and at CEBAF [Fi89] to measure the
polarization of the proton in the complementary d(&,e'f)n reaction. Picklesimer
and Van Orden [Pi87, Pi89] have shown that 18 independent amplitudes are re-
quired to describe deuteron electrodisintegration. Dmitrasinovic and Gross [Dm89]
have shown that in the general case, when the incoming electron, deuteron target,
and the outgoing nucleon may all be polarized, deuteron electrodisintegration leads
to 162 observables. Most of these observables can be measured by detecting either
the emitted proton or neutron; however, Dmitrasinovic and Gross have shown that
at least one measurement of a recoil neutron polarization is required for a com-
plete program of measurements, and have indicated that ideally there should be a
balanced set of both neutron and proton measurements. This proposal is designed
to provide the first neutron measurements at non—quasifree kinematics.

The kinematics for the d(€,e'si)p reaction are illustrated in Fig. 1. We use the
term gquasifree kinematics to refer to the kinematic condition that the momentum
of the ejected nucleon is along § and P, = 0, where P’ is the recoil momentum
of the other nucleon. If the energy transfer satisfies w = Q? /(2m), so that the
struck nucleon is not excited, then we refer to the reaction as having quasielastic

kinematics; in general, P, # 0 for quasielastic kinematics. Finally, if P’ is approxi-



mately perpendicular to ﬁ,, we refer to the reaction as having quasi—perpendicular

kinematics. It can be shown that this condition is obtained if | P'| = lq] [Fr84).

FIG. 1: Kinematic diagram of d(¢, 'Rl)p.

At quasifree kinematics, the Impulse Approximation (IA) has been shown to
provide a reasonable description of the nucleon knock-out process. In this approx-
imatjon, the cross section factors into a nuclear spectral function containing all
the nuclear structure information, and a part that describes the interaction of the
electron with a constituent nucleon [Mo76). As one moves away from quasifree
kinematics, i.e., away from P, = 0, model dependencies can become important,
including final-state interactions (FSI) and MEC. As mentioned earlier, we are
interested in measuring spin observables from the d(€, ¢')p reaction. In quasifree
(QF) kinematics in the IA, the sideways polarization component yields the ratio
G%/Ghy, where G and G%, are the electric and magnetic form factors of the neu-
tron, respectively [Ar81]. The first experiment to measure G% from the d(€,e'R)p

reaction was successful at Bates [Ed94], and another is approved at CEBAF (E93-



038). Analyses by Arenhovel [A194] show that the G experiment should be rela-
tively insensitive to the details of the nuclear model, FSI, and MEC.

This proposal is to perform a similar measurement, with the same experimental
equipment used for measuring G% [Ma94], but to move away from QF kinemat-
ics, so that P, # 0, where calculations indicate sensitivity to the inelastic effects,
including FSI and MEC. For example, in the IA, for QF parallel kinematics the
normal component of the neutron polarization vanishes; however, away from QF
parallel kinematics, Arenhovel has shown that this polarization can become quite
large when FSI and MEC are included [Ar94, Pi89]. Relativistic effects may also
be significant [Hu94, Wi93]. Ultimately, one will test how well such measurements
can be described satisfactorily in terms of these effects, i.e., FSI, relativistic ef-
fects, etc.. The neutron measurements proposed here are to provide a first look
at the neutron polarizations, and will be compared to the planned proton mea-
surements. Although some of the effects to be studied may be expected to be
approximately the same for either neutron or proton observables, some of these ef-
fects may be quite different. For example, since the neutron interaction (magnetic)
is much weaker than the proton interaction (electric), it is likely that the profon
plus MEC diagram will feed into the neutron channel faster than the neutron plus
MEC diagram will feed into the proton channel; hence, the effects of MEC may
be rather different. In general, it is important to spend at least a modest amount
of time to look at the neutron response functions in order to compare with the

proton response functions.

2 Theoretical Background
2.1 Formalism

The differential cross section for the d(¢, ¢'A)p reaction can be written as [Pi89]

o

1 . i
deQedQn EO'M{VL(RL + RLSn) + VT(RT + RTSﬂ)



+Vrr{(Rrr + R7Sn) cos 28 + (RypS) + Ry7Se) sin 28]
+Ver[(Rer + RprS,) cos 8 4 (R Si + R4S, sin B]
+hVir|(Ror + Rig/S,)sin B + (Ryy.Si + RypiS,) cos B]
+hVrr(Rrr St + Ry Si)}, (1)

where w is the energy transfer, the R’s are response functions, the V’s are known
kinematic factors, the S’s are the three components of .f;‘m B is the azimuthal angle
between the electron scattering plane and the plane containing ¢ and the ejectile

neutron, and h is the helicity of the incident electron. Here,

m|P’| r do

IM = (2 ) [dﬂe]Mo"' (2)

The coordinate system used in describing the d(€, €'it)p reaction is shown in Fig 1.
In terms of the neutron polarization, the coincidence differential cross section

can also be expressed as

d3o 1 LA
dudfl,dn, = 270 T 7 5h) ®)

where oy is the unpolarized (neutron) cross section and 7= paii +pl +pt is the
ejectile neutron polarization. For coplanar kinematics (B=0o0r 8 =), Eq. (1)
simplifies to

o

1
dodaq, = 3oMIVe(BL+ RiS,) + Vr(Rr + R}S,)

+Vrr(Rrr + R71Sn) + Vor(Ror + R Sn) cos B
+hVLT'(R’LTiSI + Rfr_,TrSr,) cos 3 + hVTT'(R/II‘T:Sl + R&T,Sg)}. (4)

The unpolarized and the normal, longitudinal, and transverse polarization depen-

dent parts of the differential cross section are, respectively,
oo = om(VLRL + Ve Ry + VrrRrr + Vir Ry cos B), (5)

o0Pn = om(VLR] + Vy R} + Vrr Ry + Vir RY cos ), (6)
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aopr = O'Mh( VLTrRlLT: cos 3 + VTT:RfrT,), (7)
oope = UMh(VLT‘Rf[,T' cosﬂ + VTT'RtTTf)- (8)

Note that p, is helicity independent, whereas p; and p, are linear in k. In these
measurements, we are interested only in the transverse polarization observables
that can be measured with a neutron polarimeter. We define the two transverse

polarization asymmetries as

+ _ (00P1)6=0 + (aﬂpt).@=1r
A= hl(0)s=0 + (00)a=x] (9)

A and A; are proportional to the response functions Ry, and RY .., respectively.
Dmitrasinovic and Gross [Dm89] have shown that at least one measurement of
a recoil neutron polarization is required for a complete determination of the 18
deuteron electrodisintegration amplitudes. They point out that the measured neu-
tron polarization observable must be chosen from among eight particular response
functions if an unpolarized deuteron target is used. One of the response functions
(R} 1) that we propose to measure is one of these eight special response functions.
Picklesimer and Van Orden [Pi89] considered the response functions in a plane-
wave impulse approximation; in this approximation they predict that some of the
response functions are zero. The two response functions considered here are both
predicted to be nonzero and, in fact, R} is predicted to be large.

The three polarization observables p, and A can be measured by detecting
neutrons from a secondary scattering with a neutron polarimeter. The quantities
oo and ogp; can be expressed as functions of NI N f , NT and NB, the numbers of
neutrons detected in the top and bottom rear detectors of the neutron polarimeter

for the positive and negative helicity states of the incident electron; i.e.,

oo = F(NI + N 4 NB 4 NT), (10)
F

Topr = I(NI — NB L NB_NTy, (11)
v



where F is a measurable common proportionality factor depending on the lu-
minosity and detection efficiency, and A, is the analyzing power of the neutron
polarimeter. From Eqs.(9), (10), and (11), we can express the polarization ob-

servables and structure functions of interest in terms of the numbers of detected

neutrons:
_ (NT — NB 4 NB_NT) 12)
p‘_A(NI+N3+NB+NT)’
At (NI - NP+ N8 — NT)s_o £ (NT — NB 4 NB — NT),_,
t

13
hA,((NI + NBE+ NP £ NT);_o+ (NI + NP L NB 4 NT)ﬁ.:,,]’ (13)
FI(NY + N2 + N8 + NT)oo + (N7 + N2 + NB 4 NT)s_,]

, = Af, 14
RTT 2haMVTT' [; ( )
F(NY + NP + N8+ NT)g_o + (NT + NB A NB L NT)5_]

R = A7, (15)
2hon Vi

2.2 Predictions

As one example of the kind of theoretical calculations that can be performed to
compare with the proposed measurements, we present here calculations performed
by Arenhdvel for the kinematic conditions proposed. Arenhével calculated p: and
A for the reaction d(g, e'n)pat @* = 0.30 (GeV/c)? with a beam energy of 1.6 GeV
and a 100% beam polarization. Figure 2 shows the calculated neutron transverse
polarization p; (top panel) and transverse polarization asymmetries A (bottom

panel) plotted as a function of 4™,

nq 3 model dependencies are expected away from

Boe = 0°. The angle 857 is equal to 180° — 05 in the center-of-mass system: b is

frequently used in the literature about d(€, e'p}n reaction [Fa78, Fi89]. In Fig. 2,
the dashed curves are for the PWBA, the solid curves include FSI, and the dotted
curves include FSI+MEC+IC. Figure 2 shows that the difference between FSI and
PWBA for p; and A becomes significant beyond about fiw = 30°. We propose

here to begin with one set of measurements at Onn = 38°; results at b = 0°

will be obtained from CEBAF experiment E93-038 to measure G% [Ma94]. (The



m

angle 677" is limited by how close the neutron polarimeter with its shielding can be

placed near the beam line.)
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FIG. 2: Neutron Polarization p, and Asymmetries A} for d(€,e'i)p at E = 1.6
GeV and @ = 0.30 (GeV/c)?. The dashed curves are for the PWBA, the dotted
curves include FSI, and the solid curves include FSI + MEC + IC.

Even without various model dependences, one does not expect neutron and pro-
ton measurements to be the same. Shown in Fig. 3 are the predictions of Arenhével
for neutrons compared to protons for p, and Af. One sees that significant differ-
ences are expected, even in the PWBA. Of course if the measured differences are
due only to the different nucleon form factors, then it is not as important to study
both neutrons and protons; however, it is important to perform at least one set
of neutron measurements to see if the differences may be explained simply or not.
As discussed already, one might expect differences from the different strengths of

the electron-neutron and electron—proton interactions and their effects on MEC.
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FIG. 3: Nucleon Polarization p, and Asymmetries A% for d(€,e'n)p at E = 1.6

GeV and Q* = 0.30 (GeV/c)?. The dashed (dotted) curves are for the PWBA for
neutron (proton) and the solid (dot-dashed) curves include FSI + MEC + IC for
neutron (proton)

3 Experimental Arrangement

The schematic view of the experimental arrangement is shown in Fig. 4. The lon-
gitudally polarized beam will pass through a 15-cm long liquid-deuterium target.
The scattered electrons and the ejected neutrons will be detected in coincidence.
The electrons will be detected on one side of the beam using the Hall C High
Momentum Spectrometer (HMS). The neutrons will be detected on the other side
of the beam using a neutron polarimeter. As discussed in Sec. 2, the measurement
for a specific 77 requires two angle settings of the neutron polarimeter (B=0,m)

to extract the response functions.



Neutron

polarimeter
Liquid
deuterium :
Longitudinally polarized
electron beam
Electron
spectrometer

FIG. 4: A schematic view of the experimental arrangement.
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3.1 The Electron Spectrometer

The HMS in HALL C at CEBAF will be used to detect the electrons. The minimum
angle between the beam and the magnet is 12.5°. The HMS will be run in the
reverse-quad mode; this increases the horizontal acceptance significantly and will
more closely match the acceptance of the neutron polarimeter. In this mode,
the momentum acceptance is 5% and the momentum resolution dp/p is about
0.1%. The horizontal and vertical angular acceptances are + 62 and +22.5 mr,

respectively.

3.2 The Neutron Polarimeter

A high—efficiency neutron polarimeter, which was designed to measure G% (Ma94],
will be used to detect the neutrons. Basically, it consists of eight plastic scintilla-
tlion detectors, which serve as the neutron analyzer, and 12 large—volume plastic-
scintillation detectors, which detect neutrons scattered up or down by the analyzer
detectors. Figures 5a and 5b show the side and plan views of this neutron po-
larimeter. Each layer of the front detector consists of two pieces of scintillator,
each 25.4-cm high, by 50.8-cm long, by 10.16-cm thick, with one on top of the
other. In each of the top and bottom rear detectors, there are two layers with
each layer having three detectors set side by side horizontally with their long axis
parallel to the incident neutron flux. Fach detector has dimensions of 101.6-cm
long by 50.8-cm wide by 10.16-cm high. The performance of another neutron po-
larimeter, configured with the same detectors and used by this group, proved to be
successful in experiment E85-05 to measure G7. at Bates [Ed94]. Figure 6 shows
the time-of-flight spectrum of an electron-neutron coincidence peak above a flat

background obtained in the Bates experiment.
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FIG. 5a: Side view of the neutron polarimeter.
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FIG. 6: Neutron time-of-flight spectrum from Bates experiment E85-05.

3.3 Steel Collimator and Shielding

In Fig. 5, the black blocks in front of the neutron polarimeter show the steel colli-
mator (0.94-m thick), and the shadowed blocks show the concrete shielding walls.
The rear wall and the two side walls are normal density (p = 2.5 g cm™?) concrete,
2.44-m thick. The roof of the enclosure is covered with normal-density concrete
roof beams, 1.07-m thick. The wall in front of the neutron polarimeter consists of
lead, 10.16-cm thick, poured into steel containers with 3.2-cm walls. The trans-
mission of neutrons through this front shielding wall is about 0.38. Because this
front shielding contains about 22 radiation lengths, the reduction in energy of a
high—energy photon incident on this front shielding is expected to be so large as to

be below the detection threshold. Because of the amount of shielding required, the

14



neutron polarimeter must be located at an angle of greater than 45° with respect

to the beam line.

4 Design of the Experiment
4.1 Kinematics

We will perform the measurements at Q% = 0.30 (GeV/c)?. The kinematics are
shown in Fig. 7 and listed in Table 1. The center-of-mass angle 85 between the
ejectile neutron and the three-momentum transfer ¢ (See Fig. 1) is chosen to be
38°. This is the widest angle possible because of the neutron polarimeter shielding.
These kinematics are at quasielastic scattering and approximately “perpendicular”
kinematics (where P, and P’ are approximately perpendicular). With a measure-
ment on either side of ¢, we can extract the response functions Rf., and Ri7. In
the future, it may be interesting to extend these measurements to non-quasielastic
conditions, where the struck nucleon (the neutron) is excited into the “dip” or “A”

regions.

§ 6 =63.4°

FIG. 7: Kinematic diagram for Q* = 0.30 (GeV/c)2.
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Kin | E Q? q w E’ D, o | Tn 8. 6,
GeV | (GeV/c)? | MeV/c | MeV | GeV | MeV/c | deg | MeV | deg | deg

K| 1.6 0.30 572.0 | 159.7 | 1.44 | 178.8 | +38 | 142.3 | 20.8 | —-45.2

K™ | 1.6 0.30 572.0 | 159.7 | 1.44 | 178.8 { -38 | 142.3 | 20.8 | -81.6

Table 1: Kinematics.

4.2 Conditions of Neutron Polarimeter and HMS

The analyzing power of the neutron polarimeter A, is about 0.42, its detection
efficiency € is about 0.24%, and the flight path of the neutrons from the target
the analyzers is 5.0 m. In this experiment, with nonzero recoil proton momentum,
we use the full angular coverage of the HMS and the neutron polarimeter. The
solid angle of HMS is about 5.62 msr, the solid angle of the neutron polarimeter
is 20.7 msr. The neutron energy resolution is about 3.1 MeV (1.9%). The above

experimental conditions are listed with others in Appendix A.

4.3 Beam and Targets

We plan to use the low—intensity, highly polarized electron beam (P, = 0.8). We
request beam currents of 0.67 and 5.0 pA for the two angles 857 ; the low current at
the one angle is required to reduce accidental background to an acceptable level.
The liquid deuterium target is 15-cm thick (pz = 2.55 g cm~2). The luminosity
L corresponding to the requested beam current of 5.0 A and the 15-cm target

thickness is 4.8 x10%7 ¢cm~2 s~!.

4.4 Counting Rate and Backgrounds

The counting rates and the backgrounds were calculated for the experimental con-
ditions described in Appendix A. The calculated results and the cross sections used
in the calculation are listed in Table 2.

16



Kin P d—(f,;'f,,, de I L R A | R/A
nb/(sr?MeV /c) nb/(stMeV) | pb/sr | pA | 1087em 2% | ! g1

K° 0.25 12.6 2.0 0.67 0.64 0.018 | 0.018 { 1.0

K7™ 0.47 12.6 0.50 5.0 4.8 (.26 0.26 1.0

Table 2: Cross sections and counting rates.

4.4.1 Counting Rate

Counting rates were calculated with the triple-differential cross sections averaged
over the acceptances. The averaged triple-differential coincidence cross sections
were calculated with the Monte Carlo code MCEEP of Ulmer [Ul91a]. The calcu-
lation of the counting rate for the K° kinematics condition is given in Appendix

B.

4.4.2 Accidental Background

The accidental rate A was estimated by scaling the rate observed in Bates experi-
ment E85-05 to the expected CEBAF conditions (luminosity, duty factor, fiducial
cuts, single-arm cross sections etc.). The calculation of the accidental rate for the
K° kinematics using this scaling method is also given in Appendix B. The neutron
single-arm differential cross section was estimated with the electroproduction code
EPC of Lightbody and O’Connell [Li88]; the electron single-arm differential cross
section was obtained from the MONQEE code of Dytman, using the formulation
of Moniz {Mo69].

4.4.3 Background from Inelastic Processes

The background from neutrons associated with inclusive inelastic processes ed —
enX was estimated using the CELEG code by Joyce [Jo89] with the assumption

that the cross section for the inclusive inelastic process is equal to that of the
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quasifree elastic process. (Excitation-energy spectra reveal that these two cross
sections are comparable [Bu68].) This estimation indicates that the background

related to the inelastic processes is negligible at the planned beam energy of 1.6

GeV.

4.5 Statistics and Uncertainties

The absolute uncertainty in the transverse polarization observables is estimated

by
(1+ K/r)

pe= AN (16)
where r is the signal-to-background ratio, N is the total number of neutron counts
in the measurement, and K is a background correlation factor, which is estimated
to be 0.7 using the data from Bates experiment E85-05 [Ed93a]. Based on the
calculated event rates in Table 2 and the desired measurement uncertainties, we
obtained the required number of counts N from Eq.(16) and the beam time from
T = N/R. The results of these calculations and the estimated measurement un-
certainties are summarized in Table 3. Shown in Fig. 2 with error bars are the
measurement uncertainties in p; and A4, at @* = 0.30 (GeV/c)?. The differences
between the PWBA and PWBA + FIS calculations for A] at 673 = 30° is about

three standard deviations of the measurements.

Kin | Time, T | Counts, N | Ap, | AAf = E—\%Ap,
hrs 103
K° 224 14 0.034 0.030
K~ 16 14 0.034 0.030
[Tow [ 2% ] — ]

Table 3: Uncertainties.
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5 Beam Time Request

Because it will require at least a few days to move the neutron polarimeter, we

request that the two angles be performed in two separate runs with at least one

week in between. The first run would be at the angle with the higher counting rate

and would include the majority of the set-up, testing, and calibrations; the second

run would require shorter time for set~up and testing and then nine days for data

aquisition. We request a total of 20 days of beam time, which includes three days

for tuning and checkout, 10 days for data acquisition with an LD, target, and six

days for tests (viz, shadow shield, LH,, and empty cell). The distribution of the

beam time is listed in Table 4.

Activity Time (Run 1) | Time (Run 2) | Total
Days Days Days
Tuning and checkout of HMS 1 0.5 1.5
Checkout of NPOL and establish e—n coincidence 1 0.5 1.5
Data acquisition with LD, target 1 9 10
Test with LH; and empty target 1 1 2
Test with shadow shield 0.5 1 1.5
Beam polarization measurements 1 1 2
Miscellaneous (overhead & contingency) 0.5 1 L5
[ Total | 6 14 20 ]

Table 4: Distribution of beam time.
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Appendix A

Experimental Conditions [Q® = 0.30 (GeV/c)?, 5™ = 387

) “ng

1. Electron Beam

Energy, £ (GeV)

Polarization, P,
Current, I (pzA)
Incident electron flux, F(10' e/s)
Duty factor
2. Liquid Deuterium Target Cell
LD, thickness, pz (g/cm?) [=(0.168 g/cm®) (15.0 cm)]
Power dissipation, P (Watts)

3. Luminosity F p,z = L (cm™2%s™")

Luminosity for deuterium, L, (cm™%s7!)
4. Neutron Polarimeter

Height of analyzer detectors, A (m)

Width of analyzer detectors, w (m)

Mean flight path, z (m)

Horizontal angular acceptance, A,

Vertical angular acceptance, A¢,

Solid angle, A2, (msr)

Efficiency, € (%)

Average analyzing power, 4,

Neutron transmission through Pb-Fe shielding, ¢

Neutron energy resolution T' (MeV)

Relative energy resolution AT/T (%)

5. Electron Spectrometer

Horizontal angular acceptance, A4,

Vertical angular acceptance, Ag,

22

1.6

0.80
0.67-5.0
0.93

1.0

2.55
35.1

(0.64 — 4.8) x 10

0.508
1.016
5.00
+5.92°
+2.90°
20.7
0.24
0.42
0.38
3.1

1.9

+62.0 mr = 4 3.50°
+22.5 mr = 4+ 1.29°



Solid angle, AQ2, (msr)

Momentum acceptance, Ap./pe (%)
Momentum bite, Ap. = £0.050 p. (MeV/c)
Efficiency for a “good” electron, ¢,
Live-time fraction in wire chambers, I,
Radiative correction factor, €44

6. Data Acquisition System

Live-time fraction, !

23

5.62
+ 5.0
+ 72
~ 0.97
~ 0.95
0.83

0.95



Appendix B

Counting Rate and Background at Kinematic K°

I. Counting Rate R

The electron-neutron coincidence counting rate R can be estimated as follows:

R = L{03(pe;be,8n))(2Ap.) A0, AQ,, €n e bue €raa Lt
= 0.64 x 10% x 0.25 x 107 x (2 x 72) x 5.62
X 20.7 x 0.24% x 0.95 x 0.83 x 0.95 x 0.38 5!
= 0.018 57! (1)

II. Accidental Rate A

To estimate the accidental coincidence counting rates AC expected at CEBAF

k]

we scale our results from the accidental rates 48 = 0.035 5! observed for Bates

E85-05:

f? 1O NS NZ f8
_ £27C (LO)[d*0 /(. dp. | AQT ApC (do° /dQ)AQY 4B
fC€ 78 (LB)?d*aB /(dQ.dp. )| AQE ApB(doB [dQ,)AQB &P
0.008 0.7 (0.64)% x 12.6 x 5.62 x 72 x 2.0 x 20.7 0.24
1.0 2.0 (0.26)2 x 5.4 x 5.62 x 32.4 x 0.72 x 9.68 0.21

= 0.018 57", (2)

A =

x 0.035 s7!

In Eq.(2), the symbols with superscript of B and C represent quantities at Bates
and CEBAF, respectively. The values of the quantities at Bates can be found in
CEBAF proposal E93-038 [Ma94].
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