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In the absence of any nuclear medium effects the normal component of the polarization of
the recoiling proton P, in an (e,e’'f) reaction should be zero to first order. This effect can
therefore be used to great advantage as an effective filter in the study of FSI phenomena
in nuclei and to also observe the onset of color transparency in nuclei at high momentum
transfers. We would therefore carry out this experiment (e,e'f) on deuterium (*H) and
other nuclei (*He, 12C and %0) at essentially the same kinematics for each nuclus in the

Q? range of 1 to 6 (GeV/c)2. The reaction would also be performed on the proton, where
P, = 0 at all momentum transfers (due to absence of FSI}.



INTRODUCTION

The effect of the nuclear medium on the propagation of nucleons is of fundamental im-
portance in the study of the nuclear many body problem. At present there is no consistent
set of theories to describe this phenomena. At lower energies non-relativistic optical po-
tentials are used to describe the propagation of the proton through the nucleus, at medium
energies (200 MeV to 1 GeV) relativistic formalisms are used and at very high energies
the Glauber model for the scattering of protons on nuclei is employed. Spectroscopic fac-
tors derived from (e,e'p) reactions at low outgoing proton energies have always shown a
quenching of the order of 20% to 40% from the shell model values after all distortions of the
proton have been taken into account, contrary to results obtained from hadron scattering
reaction studies. It is possible that various effects such as relativistic dynamics (most of
the low energy (e,e'p) studies were analyzed with non-relativistic formalisms), off shell ef-
fects and final state interactions are important and should be incorporated in the analysis.
It would also be of great help to isolate these effects and study their importance. In this
respect, new observables which are sensitive to specific aspects of the reaction mechanism
e.g. spin response functions, would be very useful to study.

In the absence of any nuclear medium effects the normal component of the polarization
of the recoiling proton P,, in an (e,e' ) reaction should be zero to first order. This effect can
therefore be used to great advantage as an effective filter in the study of FSI phenomena
in nuclei and to also observe the onset of color transparency in nuclei at high momentum
transfers. We would therefore carry out this experiment (ee'p) on deuterium (*H) and
other nuclei (*He, '2C and '°0) at essentially the same kinematics for each nucleus in the
Q? range of 1 to 6 (GeV/c)?. The reaction would also be performed on the proton, where
Pr, = 0 at all momentum transfers (due to absence of FSI).



PHYSICS OVERVIEW

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. By detecting
particles emitted from the nucleus in coincidence with the scattered electron one can derive
more detailed information of the reaction than in single arm (e,e') measurements alone.
Quasielastic (e,e'p) coincidence reactions can be described in the impulse approximation
as a one step process with the virtual photon coupling to the free nucleon current and
can therefore directly measure the single particle structure of the nucleus. In the Plane
Wave Impulse Approximation (PWIA) assuming one-photon exchange, the coincidence
(e,e'p) cross section can be factored into an elastic off-shell electron proton cross section

o.p and the proton spectral function S(pg,e,,) which contains all the nuclear structure
information!!l:

dbo
== ZKUe S P, €m 1
1745 = KowS(Frien) 1)

where K is a kinematic factor, pg is the recoil momentum and e,, the missing mass of the
residual system.
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The nuclear spectral function S(pg,e,,) denotes the joint probability of finding a
nucleon of momentum pr and separation energy e,, in the target nucleus. In Distorted
Wave Impulse Approximation (DWIA), due to Final State Interactions (FSI}, the initial
momentum of the nucleon is no longer related to pr the factorization is no longer valid.
However, if the optical potential is spin independent, the factorization in eqn. 1 is still
valid provided S(pr,enm) is replaced by the distorted spectral function SD(ﬁR,em,;;;).

If the spectral function is corrected for distortions and integrated over the recoil mom-

entum pr and the missing energy e,,, then one should obtain the total number of protons
in the nucleus:

f/S(ﬁR,em)dﬁRdem =37 (2)

Due to limitations in beam energy and low duty factors of existing facilities (Saclay,
Mainz and Bates) most (e,e'p) studies of nucleon and nuclear structure have been per-
formed at low Q? values (< 0.5 (GeV/c)?). At these low Q? values, various effects dealing

with the interaction of the recoiling nucleon with the residual nucleus have to be taken
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into account before any reliable nuclear structure information can be inferred. The study
of the spectroscopic sum rule (eqn. 2) has therefore been carried out in the shell model
region with pr < 300 MeV/c and e,, < 100 MeV and is shown in figure 1.
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It is quite obvious that the sum rule is violated in practically all nuclei at the level
of 20 % to 40 %. This indicates that processes other than those assumed to be of single
particle nature contribute (e.g. three-body forces etc.). It is hoped that at higher values of
Q? (> 1{GeV/c)?), these final state interactions (FSI) gradually decrease and the reaction
becomes more single particle in nature. No reliable data exists here and one of the goals
of the present study would be to investigate this region.

QCD predictions

At high Q? one would naively expect the predictions of perturbative QCD (PQCD) for
quasielastic (e,e'p) to become evident. In these kinematic regions, the possible occurence
of “color transparency” (CT) has been predicted by Brodsky/?l and Muller(®). This can be
qualitatively understood by considering the expansion of the hadronic wave function onto a
complete basis set of Fock states representing free quarks and gluons. 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. This is evidently the three quark |gqq) point like configuration (p-l.c.).
Since this Fock state has small color electric dipole moment it interacts ouly 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, I, which increases with increasing Q?, due
to virtual emission of ¢4 and gluons. 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!®*], An experiment to measure the
effect of color transparency in proton-nucleus scattering has recently been performed at
Brookhaven!’l. The data agree fairly well with the PQCD model proposed!®! up to incident

proton momenta of 10 GeV/c, while showing a completely different behaviour at higher
momenta.

Experimental evidence of color transparency can also be inferred from (e,e'p) electron




scattering reactions at high momentum transfers by studying the A and Q? dependence of
the nuclear absorption of 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 conventional picture in which the nucleons are assumed to be
structureless. Frankfurt, Strikman and Zhalov(®] have examined the possibility to observe
color transparency in {e,e’'p) reactions to specific final hole states in the residual (A-1)
nucleus. If color transparency is absent or the length of path, I;, which is necessary for
expansion of p.l.c. to normal proton size is small in comparison to nuclear radius R ({; <
R), one expects that o[A(e,e'p)A— 1] ~ A?/%a,, because of strong absorption in the center
of the nucleus due to proton - residual nucleus FSIL. If on the other hand, Iz > R, then
one should expect ¢[A(e,e'p)A ~ 1] ~ Ao,,.

The effective p-N interaction is then written in the forml(®l:

eff _ _tot f_ v (nzkf) _ _’_z__ v _ _
7l = ARUG) + Tt (L= ()00l - 2) + 0z - 1) 3)

where 0% = 40 mb is the total NN cross section, (n?k?) ~ 1 (GeV/c)?, Am? = 0.7

(GeV/c)? (which agrees reasonably with the BNL datal™) and the expansion length given
by In = 2pn/{Am?). Here v = 0 corresponds to the classical Glauber model i.e. no
transverse shrinkage, v = 1 corresponds to the quantum diffusion model (PQCD) and v =
2 is the prediction of the naive parton model.

Calculations were performed!® for the lowest s- and p- levels in 12C, 10 and °Ca.
Distorted spectral functions F(k,pn) (which is the same as our previous SP(pg,em, 7))
is shown in figure 2 for the 1s,,, and 1p;/; levels in 2C.
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Figure 2. 12C(e,e'p) reaction for (a) the sy, shell and (b) the Ipy/2 shell. Calculationsl®l
for the momentum distributions F(k,pn ) for no transparency (standard Glauber theory):
v=0 (circles); and for v = 1 for p = 5 GeV/c (triangles); p = 10 GeV/c (squares) and
p =15 GeV/c (plusses).



The total nuclear transparency effect is defined as

n= Zesz — _;_/dskfdemSD(ﬁR,em:i)

A plot of this function as a function of Q2 in the kinematics of this proposal is shown in
figure 3 for 12C and %0Q.
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We see that there is a 30 % effect in the change in transparency of the hadron as
it moves through these nuclei (12C and '#0) at Q? values between 1 and 6 (GeV/c)? as
predicted in {e,e'p) reactions®!. Since we shall be able to determine the quantity n from
our cross section measurements, we should be able to determine this effect if it exists.

Spin Response

In this proposal we look for other variables, unlike the cross section measurements,
which are sensitive only to the FSI of the outgoing nucleon. Spin degrees of freedom of
the recoiling nucleon give additional information on the study of nuclear structure and are
sensitive to many features of the reaction mechanism. For in-plane measurements, the nor-
mal coniponent of the measured recoil polarization, P, , is independent of the polarization
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of the beam and vanishes in PWIA due to time reversal symmetry(®). Hence it can be used
as a effective filter in the study of final state interactions (FSI).

The full (€,e'p ) reaction cross section involving both a polarized beam and the recoil
proton polarization can be expressed in terms of 18 independent response functions!®! . It
can be expressed as:

&o nqﬁ'|[ do ]
dwdD.dQ, ~ 2(27) | d | oo
+vrr{(Rrr + RppSn) cos 28 + (RippSi + RipSy) sin 28]
+vpr ((Ror + REpSn) cos B+ (RLp St + RLpSy) sin 8]
+ hope [(Ryr + REqeSn)sin B + (RLp 51 + R} 14 S:) cos B]

+ hUTT'(R‘T'T‘ S[ + RFTT.S,‘,)} (4)

X {UL(RL + RES,‘) + 'UT(RT + R%Sn)

The 18 independent response functions, R, are functions of §, w, T, (the proton
kinetic energy) and 8,4 (the angle included by the proton and ¢). The v’s are the known
kinematic factors weighting the various virtual photon polarization states and g is the
angle between the electron scattering plane and the plane containing § and the detected
proton. [do/df¥.|aso1: is the Mott cross section and S’s are the three components of a unit
vector pointing along the proton spin direction.

For an unpolarized beam (2=0) and in-plane kinematics (8 = n=), this reduces to:

do
dwdt,dny, ~ ol Pl (5)
where ‘

oo = K[vp B, + vrRr + v Ry cos 28 + vy rRpT cos [3]

K
P, = a—[vLRE +vrRy + vrr Rpp cos 28 + v r R} cos ]

0
d m{p’| { do
a =
2(27)® | dQ% § arors

In coplanar kinematics only the normal polarization component is helicity independent
as it is an induced polarization. Therefore with an unpolarized beam, only P,, survives.
Since P, is determined from a ratio of sums of response functions it is therefore much less
susceptible to systematic errors (e.g. beam luminosity, etc.).

Fully relativistic calculations of the (e,e’p) reaction on %0 at Q? = 0.93 (GeV/c)?
has been performed by Van Orden(® using Dirac distorted waves for the ejected proton
and Dirac-Hartree wave functions for the bound state. The results are shown in figure 4
for the 1p3/; (g.s.) and the 1p;s/; (6.32 MeV) levels. We see that P, = 0 for the case of

relativistic PWIA (dashed curves) which indicates the absence of any distortions for the
ejected proton.
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Figure 4. The cross section oy and the polarization vector, P,, for the ' Ofe,e'p )
reaction for the Ip sy and Ipy/; levels at an incident electron energy of 4§ GeV and Q*
= 0.93 (GeV/c)*. Calculationsl®l are shown for Dirac DWIA (solid lire), for nonrela-
tivistic DWIA (dot-dashed line) and for relativistic PWIA (dashed line).
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PROPOSED EXPERIMENT
Overview

The proposed experiment involves measuring the (e,e'p ) reaction in quasielastic kine-
matics (see table 1) on various nuclei (*H, 2H, *He, ?C and °0) and measuring both
the unpolarized cross section ¢y , and the normal component of the polarization of the
recoiling proton, P,,. The experiment does not involve a polarized beam, but does require
a focal plane polarimeter in the hadron arm to measure P,,. The beam energy is kept fixed
at 4 GeV to measure the QZ range from 1 to 6 (GeV/c)?. The various Q? kinematics are
shown in Table 1 for the case of 1°0 where the momentum distribution of the Ps;z state
(at E; = 6.32 MeV) peaks at a pgr value of 80 MeV/c. The same kinematics was also
used for '2C since its g.s. (1ps/2) also peaks at pp ~ 80 MeV/c. For 'H, *H, and *He,
the calculations were done at pg = 0. The electron kinematics remain the same in the
two cases, whereas the proton kinematics change only slightly. Also shown in Table 1 are
the kinematics for the 6 GeV incident electron beam which will enable us to reach Q? =
8 (GeV/c)?. In this table, e = A2 f is the efficiency of the polarimeter.

Table 1: Kinematics

Q* © ¢ e q O P T, x |e=Aif
(GeV/c) |(GeV) |(GeV) |(deg) |(GeV/c) (deg) | (GeV/c) |(GeV) |(deg) | x10-3
1 4.0 3.467 |15.43 1.133 58.41 1.109 0.515 125 17.5
2 4.0 2.934 |23.82 1.771 44.53 1.750 1.048 171 7.8
3 4.0 2.401 |32.82 2.357 35.03 2.237 1.580 216 5.6
4 4.0 1.868 }42.91 2.923 27.33 2.904 2.113 262 4.7
5 4.0 1.335 | 57.86 3.478 20.26 3.460 2.646 308 4.0
6 4.0 0.803 |86.24 4.028 12.58 4.009 3.179 354 3.5
6 6.0 2.803 |34.76 4.028 24.48 4.009 3.179 354 3.5
7 6.0 2.270 ]42.01 4.573 20.38 4.535 3.712 399 3.25
8 6.0 1.737 |51.97 5.116 16.38 5.098 4.245 445 3.0

The hall A high resolution spectrometers are well suited for this study. The kinemati-
cal ranges of both spectrometers are utilized in this experiment. The high resolution of the
spectrometers will be necessary to separate the discrete states in the residual nucleus and
also to control systematic errors and reduce accidental rates and background. Examples
of (e,e'p) reaction spectra for *Hel'%, 12C111 apd 19002} are shown in figure 5. With the
present setup of the Hall A spectrometers we shall obtain a missing energy resolution of
~ 1 MeV or better at all Q? and be able to examine a missing energy range of ~ 100
MeV (in each setting) even at the lowest Q2 value. The experiment proposed here requires
that the hadron spectrometer be equipped with a focal plane polarimeter (FPP) with good
performance up to T, = 3.2 GeV.
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Targets

We shall use cryotargets for the *H, *H, and *He targets which are being developed by
the Hall A collaboration!*3]. The LHyand LD, targets will operate at 20K and a pressure
of 17 atm. which is suitable for suppression of macro bubble formation. The *He gas
target will operate at 10K at 70 atin. The targets cells for these targets will have a
physical length of 10 cm and will be able to operate with beam currents of 150 pA. The
design specifications will allow initial operation of these targets at moderate levels of power
dissipation (200-500 W) at a luminosity of 1.5 x 10%® (cm—%57?).

The '2C target will be a solid target foil of thickness 500 mg/cm?. With a beam
current of 150 A, a luminosity of 2.35 x 10°" (cm~?s7!) can be achieved. The %0 target
will be a gas target of 10 cm length at a density of 50 mg/cc. Alternatively, we could use a
vertically oriented cylindrical flowing water target of diameter 5 mm and having 2 micron
(1.6 mg/cm?) thick Havar walls (the total wall thickness will be less than 1% of the target
thickness). With a beam current of 150 pA, a luminosity of 1.76 x 10*" (cm~2s7!) can
be achieved. The count rate estimates in Table 2 use these values of luminosities for the
various targets.

Focal Plane Polarimeter

The focal plane polarimeter (FPP) in the hadron spectrometer is being developed by
the Hall A collaboration and its design is similar in principle to the ones used successfully
at other hadron facilities (LAMPF, IUCF, TRIUMF and SATURNE). A full description
of the polarimeter is given in the CEBAF Conceptual Design Report(!®¥) and only its
parameters relevant to this proposal will be discussed here.

In principle, one can measure the lefi-right and up-down asymmetries in the scattering
of the protons from a thick carbon analyzer, thus yielding the normal Px and sideways
Py components of the polarization of the proton in the focal plane. Due to the precession
of the spin of the proton through the spectrometer, these quantities are related to the
polarization of the proton at the target. At the focal plane, one measures the azimuthal
distribution (after the second scattering from the carbon block) given by:

N(6,¢) = No(6)[1 + PrA.sin¢ + Px A, cos @] f(9, ) (5)

where 6 and ¢ are the polar and azimuthal scattering angle in the analyzer; No(8) is
the unpolarized cross section, A.(f) is the analyzing power of the analyzer and f(4,¢) is
the acceptance function of the FPP. A Fourier decomposition of the complete azimuthal

distribution thus determines the transverse components of the proton polarization P x and
Py for known analyzing powers.

Due to the precession of the proton polarization in the spectrometer, the measured

quantities Px and Py at the FPP are related to the polarizations at the target point in
coplanar kinematics (8 = 0) by:

Px = P,cosx + P/siny
.PY:P; (6)
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where the precession angle x is given by x = (9—;3) 7§t and g is the proton g-factor(=5.586),
7 is the Lorentz factor (=E,/m) and § is the total bend angle for the spectrometer central
ray.

For an unpolarized beam (h=0} we obtain

Px = P,cosx
Py =0 (7)

and the distribution function reduces to

N(8,6) = No(8)[1 + (Pr cos x Ac) cos ¢ £(6, ) (8)

We therefore see that the normal component of the proton polarization P, can be easily
obtained from the amplitude of the cosine function. To maximize this amplitude, one
needs to maximize A. and cosy. The statistical uncertainty in the measured polarization

is given by:
T 1
Ab, = 2 V Noe (9)

where the efficiency of the FPP is defined as ¢ = A%f and f = Np /Ny is the useful fraction
of events accepted by the FPP. N, is the number of particles incident on the FPP after
the first scattering at the experimental target.

0.020
!

0.018 |-

0.010 - Figure 8. Values of efficiency ¢ = Alf
for the polarimeter used in the present pro-
posal. The full circles correspond to the cali-

( bration points from Saclay. The full line fol-

0.008 i J lows a graphite schedule considered for CE-.

L ] BAF; the thickness is increased from 30 cm

] 1 at 0.5 GeV up to ¢ mazimum of 60 cm above

0.000 s T T T T 1.8 GeV. The dashed line is for constant
o 0.5 1 1.5 2 28 graphite thickness d = 30 cm (p of 1.7 gm/em? ).
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The material for the analyzer is usually taken to be carbon for intermediate energies
due to its large analyzing power in the forward angle cone (8 = 5° to 20°). At higher
energies (T, > 2 GeV) no calibration data exists and so the analyzer will have to be
calibrated. We propose here a self-calibration technique as has been described in Proposal
PR-89-01414], The method uses the simultaneous measurement of the sideways (P:) and
the longitudinal (P;) components of the proton polarization for elastic p(€,e'p ) and values
of Gasp and G, from the existing or forthcoming data pool at the saine T, values as the
polarization experiment. Table 1 includes the precession angle, x, and the values of the
efficiency parameter ¢ = A2f. The values of ¢ were taken from a smooth extrapolation of
the curve in figure 6, and also given in Proposal PR-89-014[14],

Count Rate Estimates and Time Request

Count rate estimates were made assuming the standard spectrometer acceptances
of the two Hall A high resolution spectrometersi!?l. The singles (e,e’) and (e,p) rates
have been calculated with the codes QFSV and EPC!*®l and are never a problem even
at the most forward electron kinematics (lowest Q? value).The coincident (e,e’'p) reaction
cross sections were calculated with the Monte-Carlo computer program MCEEP[I®, This
code performs a folding of the cross section over the experimental acceptances and gives
realistic count rate estimates. In determining the cross section, we assume the Plane Wave
Impulse Approximation (PWIA) which enables the (e,e'p)cross section to be factored into
an elementary off-shell ep cross section times the spectral function which contains all the
nuclear structure information!!:

| R
Teep = I(O'epES(pR,em)

where K is a kinematical factor and % is a recoil factor. For the off-shell ep cross section,
Gep, We have used the "CC1” presciption of de Forest!”). For the various nuclei, we have
used different bound state spectral functions which have then been normalized to obtain
the experimentally determined values at the respective pg values (0 or 80 MeV/c).

We find that the accidental coincidence rates, determined from the singles rates in
each arm, is very small in all cases compared to the true coincidences. The signal to noise
ratio (trues to accidentals) is therefore extremely favourable in all cases (> 10*) and is
therefore not explicitly tabulated. The (e,e'p) rates are given in Tables 2 and 3 for each
nucleus. The time required to obtain a certain precision in the determination of AP, (see
equation 9) is also given in these tables. In figure 7 we show how well we shall be able to
measure the polarization vector, P, absolutely for the light nuclei ('H, ?H and *He) and
80. Calculations!®] for P, at the lowest Q2 value (~ 1 (GeV/c)?) for the 1ps /s level of
180 shows that it is about 0.36 and for the 1pi/2 level it is about -0.47 (see figure 4). We
see that the highest Q? data point requires an inordinately long running time to obtain
reasonable values for AP, especially for 12C and %0 and a judicious choice has to be made

between measuring the Q = 5 (GeV/c)? with better statistics at the expense of the Q2
= 6 (GeV/c)? point.

It is the development of this vector, P,, as a function of Q% and A which is the
motivation of this proposal. At present, no such calculations exist to predict its behaviour,
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but several theorists have shown considerable interest in pursuing this further and are
setting up their programs to study this effect!® 8l It is expected that eventually P, should
decrease to zero at some high value of Q? for all nuclei. This would signal the onset of
color transparency and the region where PQCD becomes applicable. One could then use
the (e,e'p ) reaction as a useful tool to study PQCD in nuclear interactions in these regions.

; | 2H 4He| ]: Figure 7. Projected absolute un-
i ' . certainties in P, from the proposed
05 [ = " . ' * +' (e,e'p ) experiment on the light nu-
- ] clei ("H, *H and *He) and % O per-
[ o _ _ _ _ & mit distinguishing between various
0.0 7 === = g A - A S A 0 for all Q?
- ] values, whereas for 2 H and * He the
05 — P, = 0.5 value was chosen for il-
C ] lustrative purposes only to show the
C L |: absolute uncetainty with which we
O_"’ RIS L D are able to determine P,. Calcu-
i 160 ] lations ) for P, for 180 at Q? ~
05 [ 1pa,e N 1.0 (GeV/C) for the pas2 level is
ot P # $ F * ) ~ 0.36 and for the p,/, level is ~
. ] -0.47. See figure 4. '
oo prFr—-—-—-—=-=-=-=- -7
05 - # L] § § * +
L 1pye j
Lo v v by b

Q® (GeV/c)*

In figure 3, we show the model predictions!®! of the parameter Z.s¢/Z as a function of
Q? for '2C and !°0. This parameter Z.;7/Z is obtained from the cross section measure-
ments and we are able to determine this very precisely (£2%, the statistical errors are <
1%) as a byproduct in our effort to measure the normal polarization component P,. The
horizontal dashed lines are the predictions without any color transparency whereas the
square points indicate the calculations with color transparency. The errors with which we
shall be able to determine either prediction with this proposed experiment is also shown
with each point.

The run time for the experiment can be divided basically into two parts and is sum-
marized in Table 4. The data taking on the lighter nuclei 'H, 2H and *He will require
cryotargets and can be completed in approximately 190 hours. The heavier }2C and %0
targets will require approximately 437 hours of running time. A setup time of 25 hours is
requested for tests and calibration and for angle/field changes.
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Table 2: Count Rate Estimates for 'H, ?H, ‘He
Q? Proton {'H) Deuteron (*H) ‘He si (gs.)
(GeV/c)? | cts/hr |t(hrs) | AP, | cts/hr |t(hrs) | AP, | cts/hr t(hrs) | AP,
1 3.66E7 | <0.1 |0.01 |1.T4ET7 | <0.1 |0.01 ]167E 7 | <0.1 | 0.01
2 3.91E 6 0.8 0.01 |2.14E 6 1.5 001 |12.11E6 1.5 0.01
3 7.27E 5 1.5 0.02 |4.08E 5 2.7 0.01 14.13E5 2.7 0.02
4 1.10E 5 1.9 0.05 67700 3.1 0.05 71800 2.9 0.05
5 16500 3.7 0.1 10800 5.7 0.1 11500 b.4 ¢.1
6 2190 32.2 0.1 1370 51.4 0.1 1460 48.2 .1
Table 3: Count Rate Estimates for 12C and *0O
Q? 2C pi (gs) %0 pi (6.32 MeV)
(GeV/c)® | cts/hr |i(hrs) | AP, | cts/hr |t(hrs) [ AP,
1 168E6 | <0.1 | 0.05 |1.21E6 | <0.1 | 0.05
2 2.01E 5 0.6 0.05 |1.44E 5 0.8 0.05
3 39100 4.5 0.05 28200 6.2 0.05
4 6790 31 0.05 491¢ 43 0.05
5 1100 56 0.1 792 78 0.1
6 140 81 0.25 101 111 0.25
Table 4: Run Time Estimate
1. 1H 40 hours
2H 65 hours
4 He 60 hours
Set up 25 hours
190 hours
2. 12¢ 173 hours
10 239 hours
Set up 25 hours
437 hours
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