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Abstract

A major portion of the initial CEBAF physics program in all three experimental halls
addresses the study of the nucleon and the few nucleon systems (A < 4) using coincidence
experiments and emphasizing measurements of polarization observables. The program
encompasses the systematic measurement of the elementary form factors of the nucleon
to high Q?, the electro- and photo-disintegration of the deuteron and the short distance
behaviour of *He and *He. We present here a brief description of the CEBAF project and
the few-body research program planned for Hall A at CEBAF.

1. INTRODUCTION

Electron scattering reactions have provided a wealth of information about the struc-
ture of nucleons and nuclei. Since electrons interact weakly with the nuclear system and
since the electromagnetic interaction is well understood, one can deduce quantitative in-
formation about the electromagnetic structure of the nucleus under study. With increasing
energy and momentum transfers one hopes to observe properties of the nucleus that un-
ambiguously necessitate the modification of the standard meson nucleon description of the
nuclear force by a more general description in terms of quarks and gluons in QCD.

In this respect the few nucleon systems provide the best laboratory to observe such
phenomena. Since the number of nucleons are small, exact nuclear structure calculations
can be performed and compared directly to experimental observations. A major portion
of the initial physics program at CEBAF therefore addresses the systematic study of the
nucleon and the few nucleon systems {A < 4) in all three experimental halls . By detecting
particles emitted from the nucleus in coincidence with the scattered electron one can derive
more detailed information of the reaction than in inclusive measurements alone. At CE-
BAF, due to the 100% duty factor of the electron accelerator, coincidence measurements
and measurements of polarization observables will be emphasized.

2. CEBAF EXPERIMENTAL EQUIPMENT OVERVIEW

CEBAF is a 4 GeV continuous beam electron accelerator!!! with very good beam
characteristics (emittance = 2x10~°m; energy spread (4¢) = 107*) that is extendable
to higher energies in the future, At present CEBAF is designed to deliver independent
beams to three end stations with intensities in the range 0.1 to 200 g A and with correlated
energies in the range 0.5 to 4 GeV. A polarized GaAs photocathode electron source is
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being developed in collaboration with the University of Illinois(?! so as to be able to deliver
a polarized electron beam of up to 100 pA with a polarization >49%.

The initial sets of complementary equipment designed for the three experimental end
stations®] are now under construction and are descibed briefly:

Hall A. The initial equipment designed for Hall A consists of a matched pair of identical
4 GeV/c high resolution spectrometers (Fig. 1, Table 1). These will provide, in conjunc-
tion with the high quality CEBAF beam, an opportunity to perforin exclusive as well as
inclusive electromagnetic experiments with both high precision and accuracy. The QQDQ
design includes a large iron-dominated dipole with superconducting racetrack coils and
focussing properties provided by slanted pole ends and non-uniform field. The three super-
conducting quadrupoles are cos 20-type, current dominated magnets with higher multipole
correcting coils. The detector system include vertical drift chambers as position detectors
(~100 um track resolution) and a focal plane polarimeter in the hadron arm.

Hall B. The CEBAF Large Acceptance Spectrometer {CLAS) to be installed in Hall
B (Fig. 2) is a 6-coil superconducting toroidal magnet installed around the beam. The
six sectors are filled with drift chambers and particle identification chambers. A photon
tagging facility is also being constructed. The CLAS will be best suited for experiments
for which broad kinematical coverage and high particle multiplicities are necessary. The
luminosity available in the CLAS is ~107%*c¢m™? 1 |

5ec .

Hall C. The initial equipment in Hall C consists of a 6 GeV/c High Momentum Spec-
trometer (HMS; see Fig. 3) and a Short Orbit Spectrometer (SOS) (see Table 1 for char-
acteristics of both). Both spectrometers have moderate resolution (~107%) and may be
sufficient for some of the few-body physics program. The high momentum capability of
the HMS will allow reaching high Q2 values. The SOS can be used in conjunction with
the HMS for pion and kaon electroproduction experiments. .

Targets and Additional Equipment. The physics program on few nucleon systems
calls for the use of extended liquid or high pressure gas cryogenic targets® capable of
achieving high luminosities up to ~5x107**cm™2sec™!. The liquid H, and D, targets
will operate at 17 atm at 20K whereas the *He and *He gas targets will operate at 20K
(ultimately 10K) at 70 atm. The target cells have a physical length of 15 cm and electron
beams of up to 200 A will dissipate nearly 1IKW of {)owcr on these targets. Polarized solid
state NH; and NDj targets are also being developed!*! to achieve nearly 100% polarization
at 0.25K in a 5T magnetic field. User groups are planning to provide additional pieces
of equipment. These may include neutron detectors and polarimeters(®!, large solid anﬁle
scintillator arraysi®l, a high resolution 1.3 GeV/c Multi Purpose Spectrometer (MPS)!"]

and dedicated facilities for (e,e’K*) and other studies!®l.

3. STRUCTURE OF THE NUCLEON

The electric Gg and magnetic Gpr form factors of the nucleon are of fundamental
importance in understanding both the nucleon and nuclear structure. They are an essential
ingredient of the electromagnetic response function of nuclei and their Q? dependence is a
critical testing ground for QCD based models.
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Table 1. CEBAF Spectrometer Characteristics

Hall A Hall C Hall C
HRS (2) HMS SOS
Configuration QQDQ QQQD QDD
Optical Length (m) 23.4 24.8 7.4
Momentum Range (GeV/c} 0.3-4 05-6 0.2-15
Momentum Acceptance (%) 10 10 40
Momentum Resolution (FWHM) 1074 5x107% 2x1072
Angular Range (deg) 12.5% - 165° | 12.5° - 90° [ 11.6° - 168°
Position Accuracy (mr) 0.1 0.5 0.5
Ang. Resolution: Horiz (mr) 0.5 0.4 (0.8)
(FWHM) Vert. (mr) 1.0 0.9 {0.8)
Solid Angle (msr) 7 6 9
Transverse length acceptance (cm) 10 10 10
Transverse position resolution (cm) 0.1 3.4 (0.6)
Detector :
System--\"
Focal
Plane\

Figure 1.
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Figure 2. The CEBAF Large Acceptance Spectrometer (CLAS) for Hall B. Drift Cham-
bers (DC), time-of-flight counters (TOF), gas Cerenkov counters (CC), and electrmag-

netic calorimeters (EMC) provide particle identification, charged particle iracking and
energy measurements for electrmagnetic particles.
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Figure 3. The Hall C High Momentum Spectrometer (HMS).
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{(a) Neutron electric form factor Gg

Experimental information on G} is very poor except for the slope at Q? = 0. Various
models predict different behaviour at large QZ. Experimentally G} has been extracted from
elastic e-d scattering or inclusive quasielastic e-d scattering using Rosenbluth separation
techniques, both of which require the knowledge of the structure of the deuteron in order
to correct for coherent effects and the dominant proton contribution. This introduces large
uncertainties, as at high ¢ the cross section is mainly dominated by GE, - the transverse
component!®?, Dombey(!®l and Arnold, Carlson and Gross {11} have shown that G} can be
determined more accurately if one scatters longitudinaly polarized electrons off a polarized
target or measure instead the polarization of the recoiling neutron. Two proposals!t?:13l
apply these techniques using the coincidence (€,e'n) reaction to determine G%. In the
first proposall*?, polarized electrons are scattered off solid NDj target polarized in the
scattering plane perpendicular to §. In the second proposall’®l, a recoil neutron polariineter
is used to measure the transverse in-plane polarization of the recoiling neutron. In both
cases G is extracted from the interference product G;.GR,,. The uncertainties in G%
obtainable in Proposal [13] for Q? of up to 1.5 (GeV/c)* is shown in Figure 4. Proposal
[12] proposes to measure G up to 2 (GeV/c)? with nearly similar uncertainties.
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(b) Proton electric form factor Gj

Even though the e-p cross section has been measured precisely up to Q? = 31 (GeV/c)?,
GZ, is poorly known up to only 4 (GeV/c)?. A recent SLAC experiment NE11?® has de-
termined it to 7 (GeV/c)? with uncertainties of up to £15%. The results for G5 and G%,
are shown in Figure 5. We see that the simple dipole form factor for the proton actually
shows the best agreement with the G}, data. As described for the neutron case, GE% can
be determined also by performing a coincidence (&,¢'p) experiment on either a polarized
target!!?l or measuring the transverse in-plane polarization of the recoiling proton!!4. Pro-
posal [14] plans to measure G%; to 4.5 (GeV/c)? with errors of less than 4.6% using a focal
plane polarimeter. Measuring the cf(é',e’p) reaction in quasifree kinematics on a polarized
deuteron target!?] or measuring the outgoing recoiling protont!®] provides information on
the model for deuteron (which is necessary for the proper extraction of G3) and also gives
us a measure of G§ in the Impulse Approximation where it has been shownl16:35:38] that

the results are remarkably insensitive to the details of the nuclear model including the
choice of wavefunctions, FSI and MEC.
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Figure 5. Results from the SLAC ezper:-
ment NE11% for (a) G8,/uGp (b) G%/Gp.
The inner errors are statistical only, while
the outer errors include point-to-point sys-
tematic errors. Data from previous ezper-
iments and several theoretical fils and pre-
dictions are also shown - see reference 4 for
details.
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(c¢) The Nucleon Weak Form Factors

In the Standard Model, the coupling of the neutral weak boson Z°, to the quarks are
known!!7) and the weak form factors can be expressed in terms of the electromagnetic ones,

G5(Q7) = (1/49)[(1 - 45in*6w) GF,(@%) - G3.(@7) - G5(@7)]
G36(Q?) = (1/4)[(1 - 4 sin?6w) G, (@) - G} (@) - G (@7)]

where G;_,;.'M(Qz) arise from the presence of strange quark-antiquark pairs in the nu-
cleon. Recently, considerable interest in these form factors has been focussed on the pos-
sibility that the strange quarks contribute significantly to the nucleon matrix elements.
Deep inelastic muon scattering [® and elastic neutrino scattering!!®] have shown sur-
prising results which indicate that strange quarks may have sizeable matrix elements
< N|&y,yss|N > in nucleons and contribute significantly to the form factors. Determina-
tion of G4 gives information about the “strangeness radius” of the proton(?®?l whereas
determination of G44(Q? = 0) measures the strange magnetic moment p,. From simple
arguments using vector dominance, these contributions should be negligiblel??, whereas

phenomenological models using dispersion relations(?!] predict p, = -0.31 £0.09 and the
“strangeness radius” r? = 0.16 +0.06 fim?.

One way to measure these new form factors is to determine the parity violating asym-
metry in elastic ép scattering.

-

O'T - f.'l'1 AwA,m

A= T T T A
GFQZ z z 1 . z
-1
where £ = 6( }:p)z + T(G;,Ip)z,e = [1 + (2q2/Q2) tanze/z] and 7 = Q% /4M>
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At fixed Q?, the role of each of the weak form factors changes as a function of the
scattering angle. Separating the form factors requires measurements at three different
angles for the same Q?. At CEBAF, several proposals(2*24:2%] concentrates on determining
G% by measuring the asymmetry at forward angles. In Hall A, parity measurements are
made with elastic €p(23] scattering in the Q2 range of 0.27 to 1.3 (GeV/c)’ and with elastic
é*He scattering in the Q? range of 0.01 to 0.18 (GeV/c)*? and at Q% = 0.6 (GeV/c)2%,
Both proposals use the two high resolution spectrometers at forward angles (12.5%). In
Hall C, a dedicated 8-coil toroidal spectrometer is proposed(?s! to measured the recoil
proton in the elastic ép scattering at Q? range 0.1 to 0.3 (GeV/c)?. An experiment at
MIT Bates (SAMPLE experiment)(?®! is planning to determine G4, at Q* ~0.1 (GeV/c)?
by measuring the elastic ep scattering asymmetry at backward angles.

(d) Electroexcitation of Nucleon Resonances

Electro- and photo- excitation of nucleon resonances gives essential information in the
understanding of the structure of hadrons in terms of the fundamental interaction of the
constituent quarks and gluons. This information is experimentally accessible through the
determination of multipolar components of the transition of the proton to its excited reso-
nant states. Coincident detection of the resonance decay products allow the separation of
overlapping resonances and spin/isospin assigninents. These studies will be a major pro-
gram for the CLAS detector in Hall B[?7). Additional information is obtained by measuring
the polarization observables of the recoiling proton in the p(€,e'p ) 7° where one is able to
access many of the amplitudes that do not occur in unpolarized experiments, which probe
only the real parts of the interference amplitudes, or require out-of-plane measurements
for their determination. Polarization of the electron beam, the recoil proton, or both are
necessary to probe the imaginary parts. A proposal in Hall A(?®l therefore plans to make
precise measurements of the p(€,e'p ) ° reaction at the A and Roper resonances in Hall A
at Q2 = 0.5,1 and 1.5 (GeV/c)? for the A and Q* = 0.23 and 0.68 (GeV/c)? for the Roper
resonance. Six response functions R}, Rifp, Ry, Rer, Ry and Ry will be separated.
In addition, the combinations 2¢R} + R} — eR}r and 2¢Rp + Rt — eRrr will be deter-
mined. These measurements will therefore complement the more extensive measurements
planned for the CLAS detector.

In the SU(6) spherically symmetric quark model the transition between the proton
and the A+(1232) is explained by a single quark spin-flip in the overall S-wave (1s)* ground
state corresponding to a magnetic dipole transition M;;. In more realistic QCD based
models which include color magnetic interactions the A acquires an L=2 component which
leads to a small electric (E;4) and scalar (S;4) contributions. At very large Q2, PQCD
predicts E;4 /My 4 — 1 and Sy4+/M;4 remains small. Proposal [28] will provide information
about Im(E;3 M}, ) and Im(S;4M3 ) and other polarization response functions which will
provide further constraints on various models.

In the simple symmetric quark model, the Py, (1440) Roper resonance is characterized
as a “breathing mode” or a radial excitation of one quark to a 2s state ({1s)® — (1s)?(2s))
giving rise to a large longitudinal component along with the magnetic dipole (M;.) com-
ponent. The nature of the Roper is still in question as it remains uncertain in electropro-
duction data. The polarization observables for the Roper in Proposal [28] will therefore
be able to distinguish between various possibilities: no Roper at all, a Roper with zero
longitudinal coupling as predicted if the Roper is a hybrid (3 quarks + 1 gluon) baryon
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and more conventional quark models where the Roper is a radial excitation and may have
a large longitudinal coupling.

4. STRUCTURE OF THE DEUTERON
(a) Deuteron Elastic Form Factors

Electron scattering from the deuteron has been an extremely important means of
understanding the properties of the nuclear two body system. The deuteron elastic form
factors A(Q?) and B(Q?) offer unique opportunities to test models of the short-range
nucleon-nucleon interaction, meson-exchange currents (MEC) and isobaric configurations
(IC) as well as possible influence of explicit quark degrees of freedom. Proposal [29] plans
to measure forward and 180° elastic electron-deuteron scattering to the highest momentum
transfers possible, limited by a cross section sensitivity of about 2 x 107%2 cm?/sr in Hall
A. The forward angle experiment will extend the knowledge of the electric elastic structure
function A(Q?)} up to possibly Q? = 6 (GeV/c)? and significantly improve the existing low
Q? data. The backward angle experiment will extend the measurements of the magnetic
elastic structure function B(Q?) of the deuteron up to possibly Q* = 5 (GeV/c)? and
accurately map its diffraction minimum. g

(b) Deuteron Threshold Electrodisintegration
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| ' i J

s Arenhdvel _|
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Saclay data®® (open circles) and Ahrenhovel’s
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0-3 MeV, while the hybrid quark-hadron model
of Yamauchi is at Enp = 1.5 MeV.
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Threshold electrodisintegration of the deuteron d(e,e’)np has provided one of the most
direct evidence of non-nucleonic degrees of freedom{®?]. A recent SLAC measurement

(NE4)P®!] has extended the SACLAY results to Q* = 2.8 (GeV/c)? (see figure 6) although
with a lower resolution which necessitated averaging over 10 MeV, thus precluding any
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separation from the elastic scattering process. The proposal [32] plans to measure the
threshold deuteron disintegration with resolution comparable to that obtained at SACLAY
(=1 MeV) and with a cross section sensitivity limit of about 5x107* cm?/sr. The ex-
periment will provide a measurement of the 36, +3 Dy —! 8, transition and the nearby
threshold region of higher excitations. The results will place severe constraints on the
diverging theoretical predictions at large momentum transfers and will lead to a better
understanding of non-nucleonic and quark-gluon degrees of freedom in the deuteron.

(¢) Photodisintegration of the Deuteron

The d(,p)n reaction is a simple test case for nuclear theories. As the incident y energy
is increased, new degrees of freedom become important and can be investigated. Recently,
it has been suggested(®® that dimensional scaling has been observed at photon energies
above 1.4 GeV, which indicates that the reaction is sensitive to the quark substructure of
the nucleons. Proposal [34] plans to measure angular distributions of outgoing polarized
protons for incident energies from 0.5 to 1.8 GeV for this reaction. This will provide a more
sensitive test as spin measurements are typically more sensitive to interference of reaction
mechanisms than differential cross section measurements. The results of this experiment
will therefore provide a test of the capabilities of conventional nuclear theories and also
a sensitive check on the existence of various exotic phenomena such as dibaryons and the
onset of dimensional scaling.

d(y.p)n 8. = 90°

025 — T
- S x Stanford 1
[ ‘ > Tokyo ! Figure 7. Outgoing proton polar-
000 = ©@ Kharkov ~] ization measurements in the d(v,p)n
- ] reaction-at 8.m = 90°. The data
- 1 are from references [35,36,37/. A
=025 "] conventional calculation (solid curve)
a X 1 and conventional + dibaryon calcu-
o0 1 lations (dashed curves) in two dif-
b 1 ferent models for the dibaryonl®®
N 1 The dask-dot curve are from Laget®®!
—o.7s - 1 and show the sensitivity of his re-
C 1 action mechanism to the choice of
- . | 1 wave function.
-100 800 —Tooo

(d) Coincidence D{e,e'p) n experiments

Systernatic studies of the d(e,e'p) n reaction will be performed in Hall A with high pre-
¥ g

cision and accuracy!'®/. The Q? dependence of the reaction will be examined in quasielastic
kinematics by performing a longitudinal/transverse separation at pp = 0 for Q? values in
the range 0.23 to 3.4 (GeV/c)?. The cross sections in the forward and backward directions
will be measured to 1% accuracy. Moreover an angular distribution of the proton will be

9



measured up to pg = 500 MeV/c at ¢ = 1.0 GeV/c. In these non-parallel kinematics,
in addition to the two response functions Ry, and Ry, two interference response functions
R;r and Rpr are also present. From in-plane measurements on either side of ¢ plus a
backward angle measurement, Rr, Rzr and Ry +Rrr can be determined and will provide
added constraints on the various microscopic models. In Fig. 8 the asymmetry, which
is related to the interference response function (Rpr), relative to ¢ is shown vs. 627

Measurements above 877 ~ 30° will provide a sensitive test of FSI models!!®4%l.

Asymmelry

Figure 8. The asymmetry A = [o(d, =

0)=a($s = 1))/ [o(be = 0)+o(de = )] rel-
ative to § as deduced from the four response
functions from reference[16,40].
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In addition, polarization measurements provide additional tests of nuclear wavefunc-
tions and currents and are sensitive to many features of the reaction mechanism. Fabian
and Ahrenhovell1®4% have made non-relativistic calculations on the deuteron and have
shown that there is large sensitivity (50-100%) to the non-nucleonic degrees of freedom
(MEC and IC) along with FSI, especially in the polarization observables. These effects are
much weaker in the usual (unpolarized) Ry and Ry responses. Similar conclusions have
heen reached by Korchin et all*!]. At higher energies, relativistic calculations have been
performed by Rekalo et al[*? and are underway by Gross and Van Orden!*3l. The pro-
posal [15] will attempt to measure the recoil proton polarizations in 2H(&,e'p ) over a broad
range of kinematics. In the first part all three polarization observables will be extracted in
perpendicular kinematics at § = 1.26 GeV/c reaching a recoil momentum of 300 MeV/c.
The polarization asymmetries about § will also be extracted. In the next part, a Q? de-
pendence (0.23 to 3.24 (GeV/c)?) of the reaction will be studied at zero recoil mementum.
In analogy with the 2H(€,e'nl) reaction to measure G} (assuming nuclear correlations can
be handled), the 2H(€,e'p ) reaction, in conjunction with the p(€,e'p ) reaction to measure
GF,, will test the validity of reaction models for the deuteron.

5. STRUCTURE OF 3He AND “He
(a) Elastic Form Factors

The form factors of He, *H and *He have been thoroughly investigated both exper-
imentally and theoretically. Recent measurements/i*#348] have separated the charge and
magnetic form-factors of both trinucleon systems up to ~30 fm~2. The charge form fac-
tor of *He has also been measured!**l up to Q?=45 fin=2. It is evident that the impulse
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approximation (IA) alone cannot describe the data correctly and, as in the case of the
deuteron, explicit introduction of non-nucleonic degrees of freedom is necessary. The in-
clusion of MEC and IC as well as three-body forces provides a reasonable description of the
data. Data at higher momentum transfers will determine if explicit sub-nucleonic degrees
of freedom are also necessary. Proposal [47] will attempt to measure these form-factors
to the highest momentum transfer possible at CEBAF, limited only by a cross section
sensitivity of ~2x10~*2 cm?/sr/MeV, thereby possibly extending the existing Q? range in
both *He and *He by a factor of two.

(b) High Momentum Components and separation of response functions

The study of high momentum components in nuclei is of special interest in nuclear
physics as it is sensitive to correlations arising from the short range part of the NN inter-
action. Self-consistent mean field descriptions of nuclei fail to describe these components
and significant non-nucleonic degrees of freedom (MEC, IC) are necessary to adequately
explain the existing data for DI*#:#?] and *Hel*%] at high values of recoiling momenta (pr =
500 MeV/c). These studies have been limited not only to very low momentum transfers
(Q? ~0.05 (GeV/c)?) but were forced, due to the limitations of the presently available facil-
ities, to small values of Bjorken x (~0.1) i.e. well in the dip and delta regions. For heavier
nuclei because of the above mentioned expertmental limitations, momentum distributions
have been restricted to only pg < 300 MeV/c and small x. The present proposals plan to
measure the momentum distributions in ***Hel®! (as in DI[!%]) in perpendicular kinematics
(where e, of the final system is kept constant) in the quasielastic region (x~1) up to pr
= 500 MeV/c with momentum transfers Q* ~ 0.56 (GeV/c)?. Plans are to extend these
measurements to higher values of pr(~800 MeV/c) and Q*(~1.5 (GeV/c)?. In these non-
parallel kinematics, in addition to the two response functions Ry and Rr, two interference
response functions Rpr and Ryr are also present. From in-plane measurements on either
side of § plus a backward angle measurement, Ry, Rpr and Ry +Rpr can be determined
and will provide added constraints on the various microscopic models.

(¢} Electroexcitation of correlated nucleon pairs in the continuum and short
range correlations .

The most direct access to two-nucleon density distributions is through two nucleon
emission reactions. Information on this can also be obtained from the less exclusive (e,e'N)
reaction under kinematics which favour the absorption of the photon on a nucleon pair.
Calculations by Ciofi degli Atti et a#®? in *He show a definite relationship between high-
momentum components and continuum strength. The proton inmomentuin distributions
obtained by integrating the one-body spectral function S(p, Ey) show that the high mom-
entum strength is completely dominated by correlations and that it is spread over a large
continuum in missing energy. This has been clearly demonstrated in 3He(e,e'p)npl*®! and
*He(e,e'p)npl®¥l. The broad structure observed in both nuclei has the kinematic signa-
ture expected from an interaction with a two-nucleon pair, moving to higher values of E,,
as the recoil momenium pg is increased. Excess of stren%th at high missing energy in
12()(e,e'p) experiments at Bates in the quasielastic!®¥l, dipl**! and quasifree delta region!®®!
also indicate important contributions from two-nucleon processes. Proposal {51] will vastly
extend the kinematic range of these studies on ***He and will moreover make an in-plane
separation of the response functions in perpendicular kinematics at Q® = 1.0 (GeV/c)?
and recoil momenta up to 1 GeV/c.
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As stated earlier, a full investigation of two-micleon currents and correlations in nuclei
requires (e,e'2N) triple coincidence experiments. Proposal [57] plans to measure e-p-p and
e-p-n angular correlation cross sections in **He in geometries which permit simplified
interpretation of the data and selectively emphasize various components of the knockout
mechanism. Such experiments will provide important and fundamental information on
the elusive short range two nucleon correlations, two-body meson exchange currents and
associated final state interactions between the ejected nucleons and the nucleus. Proposal
[58] offers an efficient way to study two nucleon correlations in nuclei by performing the
(e,e'd) reaction instead. By projecting these correlations onto a deuteron in the final state
some details are lost since effectively an integral is taken over certain correlations. On
the other hand the (e,e'd) reaction can be used as an isospin filter and performed with a
resolution similar to that of (e,e’'p) reactions.

(d) Bound Nucleon Structure, Hadronization and Color Trausparency

These experiments will extend the domain of momentum transfers where short range
effects and possibly the internal structure of the nucleons are manifested. In the Impulse
Approximation, the electromagnetic response gives direct access to single nucleon densities
and this description seems to provide a reasonable description for quasielastic inclusive as
well as coincidence (e,e'p) results. However, when the cross sections are separated into
longitudinal(L) and transverse{T)} responses, this simple model seems to break down. The
transverse response agrees reasonably well with traditional nuclear theory calculations once
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meson exchange and short range correlations are taken into account. For the longitudinal
response, the models always overpredict the experimental results and this is also reflected in
the longitudinal sum rule results. This is also evident in the recent “He (e,e'p) experiment
at SACLAYD? where an L/T separation was performed up to q = 0.7 GeV/c. The L/T
ratio of the response functions shows a reduction of about 30% even after FSI and MEC
are applied. When these results are combined with those of the EMC effect!%%, there is
question of a possible modification of the nucleon structure within the nuclear medium.
These results are consistent with (e,e') data from Bates(®!l at Q? values up to 0.4 (GeV/c)?,
but are contradicted by recent inclusive (e,e’) results obtained at SLAC®? at Q% = 0.88
(GeV/c)?, which are consistent with no longitudinal suppression. At CEBAF, Proposal
[51] will extend these studies to Q% = 4.1 (GeV/c)? in *He and *He.
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e
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Figure 10. 12C(e,e'p) reaction for (a} the 1515 shell and (b} the Ipsy;; shell. Calculations!®®
for the momentum distributions F(k,pn ) for no transparency (standard Glauber theory):
v=0 (circles); and forv = 1 for p = 5 GeV/c (iriangles); p = 10 GeV/c (squares) and

p = 15 GeV/c (plusses).

At high Q2, Brodsky!®®l and Muller{*] have predicted the possible occurance of “color
transparency” in nuclei. Since the amplitudes for exclusive processes involve a factor 1/Q?
for each constituent(®], at large momentum transfer the valence state, corresponding to
the lowest number of constituents, is expected to be dominant. Since this 3-quark |gqq >
point like configuration has small color electric dipole moment it interacts only weakly with
nuclear matter. If such a hadron absorbs a large momentum without additional particle
production, it is contracted to a small size whose transverse spatial extent is given by 1/Q
from the uncertainty principle. It then evolves back to its standard configuration within a
distance from the interaction point, 1, which increases with increasing Q2. Explicit models
to describe the evolution of the hadronic cross section associated with the occurance of color
transparency, in the context of the parton model and PQCD have been proposed(®®:*7].
Experimental evidence of color transparency can also be inferred from (e,e’'p) reactions at
high momentum transfers by studying the A and Q? dependence of the nuclear absorptionof
the knocked out proton. Color transparency is expected to lead to a modification of the
final state interaction {FSI) of the struck nucleon with respect to the prediction of the
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conventional picture in which the nucleons are assumed to be structureless. Frankfurt,
Strikman and Zhalovi®® have examined the possibility to observe color transparency in
(e,e'p) reactions to specific final hole states in the residual (A-1) nucleus (see Fig 10).
Several (e,e'p) experiments!®®'™] have been proposed at CEBAF to investigate the possible
onset of this effect by making cross section measurements up to Q% ~ 6 (GeV/c)? on several
nuclei.

Proposal {70] also plans to measure the normal component of the recoil polarization
of the ejected proton, P,. In the absence of any nuclear medium effects this polarization
variable is independent of the polarization of the beam and should be zero to first order
in PWIA due to time reversal symmetry. Hence this effect can be used to great advantage
as an effective filter in the study of FSI in nuclei and also to observe the onset of color
transparency in nuclei at high momentum transfers.

' L R
- 2H:4He ) Figure 11. Projected absolute un-
05 = (] - ] é *4 certainties in P from the proposed
X ] (e,e'B ) experiment™ on the light
X ] nuclei (*H, °H and *He) and '*0
00 - —¢— —o— & — & — }' —}j ' permit distinguishing between var-
- lH 1 tous models. For *H, P, = 0 for
[ ] all @® values, whereas for 2H and
=05 = -] ‘He the P, = 0.5 value was cho-
C ] sen for illustrative purposes only to
- ST BT T | show the absolute uncetainty with
o, A A which we are able to determine P,.
X 160 ] Calculations "1 for P, for 190 at
05 [ lPua ] Q* ~ 1.0 (GeV/CP for the pyjs
ST TN TR SRR TR ] level is & 0.36 and for the py; level
C ] is ~ -0.47.
00 F———-—== == -
-05 - *® 1 L] L] * +
[ 1Py
AP B DTS
0 2 6

' 4
Q? (GeV/c)?
6. SUMMARY

We have presented here most of the few-body physics programs which have been
submitted to the CEBAF Program Advisory Committee to be performed in Hall A. High
resolution {200-500 keV missing mass resolutions and ~1 MeV for few nucleon systems)
and high accuracy (absolute cross section to ~1% accuracy) coincidence experiments in
the few GeV region will be the primary goal of Hall A. In essence, it will fully match the
unique characteristics of the CEBAF beam — 4 GeV incident energy, 100% duty factor,
200 zA beam intensity and a momentum resolution of 10~* — to perform exclusive as well
as inclusive electromagnetic measurements with both high precision and accuracy.
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