PHYSICAL REVIEW C

VOLUME 1, NUMBER 1

JANUARY 1970

Distorted-Wave Analysis of Quasifree Proton Inelastic Scattering*

F. R. KrorL} anp N. S. WaLL
Department of Physics and Astronomy, University of Maryland, College Park, Maryland 20742
(Received 22 July 1969)

Using a complex square-well distorting potential, the quasifree inelastic scattering of protons has been
calculated in the impulse approximation. Calculations were performed for the nucleus C2 at both 160
and 1014 MeV to compare with experiment. The calculation was done with parameters determined from
other data and was therefore essentially parameter-free. The agreement with experimentis quitesatisfactory
and relatively independent of the parameters. While the magnitude of the cross section is well determined,
the location of the quasifree peak is in disagreement with experiment and only slightly shifted from the

no-distortion case.

I. INTRODUCTION

T energies greater than about 100 MeV, a number
of nuclear processes behave in a particularly
simple manner. Specifically, it appears that one can
evaluate the cross section for (p, p’) reactions to dis-
crete states and reactions such as (p, 2p) by assum-
ing that the incident and outgoing particles are essen-
tially plane waves which undergo attenuation when
traveling through the nuclear medium. That is to say,
they are of the form

u=exp(tkz),

where £=a+13. The quantity « is a measure of the
depth of the real optical potential in which the par-
ticle finds itself; B is a measure of the imaginary part
of the potential, or the mean free path in nuclear
matter.

One of the simplest processes involves the quasi-
free scattering from an incident nucleon by the nu-
cleons present in the target. This process manifests
itself by a large peak in the inelastically scattered
particle spectrum at an energy (in the laboratory)
corresponding to the free two-body kinematics. This
peak is broadened by the internal motion of the target
nucleons and therefore a study of this peak can be
used to study the momentum distribution of the target
nucleons. Some time ago Wall and Roos! applied a
plane-wave analysis of the quasifree scattering process
to their data at 160 MeV. They basically used an
impulse approximation analysis due to Wolff,2 modi-
fying it to include a momentum distribution consistent
with the shell model and known single-particle binding
energies. In this analysis they used an unattenuated
plane wave, i.e.,, =0 and a=wave number of the
incident particle. Another key assumption was the
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and K. M. Watson, Collision Theory (John Wiley & Sons, Inc.,
New York, 1964), Chap. 11, pp. 603-701.
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use of closure over those states in the residual nucleus
connected with the initial nucleus by nucleon-nucleon
scattering. Essentially, these two assumptions per-
mitted the differential cross section d%/dQdE, where
dQ and dE refer to the solid angle and energy of the
outgoing particle, to be written in terms of the free
nucleon-nucleon cross section and the momentum dis-
tribution of the single-particle states in the target
nucleus.

While this analysis fit the data qualitatively there
were two serious disagreements between the calcula-
tions and the experimental results. The magnitude of
the cross section predicted by these calculations was
too large, and the location of the peak was system-
atically lower than the observed peak position.

The present paper is an attempt to improve upon
these calculations by taking into account the optical
distortion of the incident and outgoing particles. In
particular, we attempt to fit the earlier data of Wall
and Roos' at 160 MeV and some data taken by
Corley et al® at 1014 MeV; both experiments were
on C¥,

II. THEORY

A. Distorted-Wave Impulse-Approximation (DWIA)
Theory of Quasifree Scattering

For a (p, 2p) process where the parameter of the
incoming particle is denoted by subscript 0, the two
outgoing particles by 1 and 2, the particular nucleon
struck in the nucleus by «, and the initial and final
nuclei by 4 and A—1, respectively, Jacob and Marist
find for the cross section that

d°o 4 (hc)22
TiBos 1 tinat sien 41 ot FolnFr
X6 (kit+kot+ka1—Ko) 6 (Ei+ Est+Ea1— Eo— Ea)
X (do/dQ) T=(0a12) | ga,a1%(ka) 12, (1)

8 Daniel M. Corley, thesis, University of Maryland, 1969
(unpublished) ; D. M. Corley et al. (to be published). These data
will be included in a comprehensive paper by H. Palevsky and
the Brookhaven Group and collaborators.

4 G. Jacob and T. Maris, Rev. Mod. Phys. 38, 121 (1966).
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where
ga,4-2% (ko) =[1/(2m)31%] [ dX.dX exp(—iky-Xa)
X Dp*(Xo) Dr*(Xa) Do(Xa) 0a-1*(X) 04,4-1(Xa, X), (2)

where all spatial and all barred kinematical variables

are evaluated in the c.m. system. (do/dQ)¥e is the

free nucleon-nucleon cross section in the c.m. frame,
and the D’s represent the distortion factors modifying
plane waves, defined as

xi(1:) =[1/(27)¥*] Di(r;i—Ra-1) exp(iki-1s), (3)

where x; is a distorted wave function in the lab system.

Because of the two-particle nature of the inter-
action (impulse approximation) the final states con-
tributing to the cross section are clustered in a narrow
energy band.? Therefore, the energy of the final nucleus
can be replaced with an average value, B4 4*"=T4_1+
M4-4* and closure of ¢4 4(X) can be employed to
eliminate the wave functions of the recoil nucleus.

Therefore, the sum over the final states of the recoil
nucleus (4—1) yields

d% A (k)22
Teddkn s 2 hoEAEE,
X 6(Er+Ey+Eg_1*"— Ey— Ea) (do/dQ) T=(0a12)

X [dX | pa®(ke, X) 2, (4)

8 (ki t+-ko+ka 1 —ko)

where
04% (Ko, X) = [ dX, exp(—iky*X,) Ds*Di* Do (X, X).
()

The integral [ dX | ¢a%(ks, X) | can be further sim-
plified if we assume that the target nucleus can be
represented by a simple product-type wave function
of the form

04 (X, X) = 0a(Xa) 0a-1(X), (6)

where ¢.(X,) is the single-particle shell-model wave
function and ¢4-1(X) is the wave function represent-
ing all the particles not involved in the collision.
Using the orthonormality of ¢43(X) yields

o _ f: (he)2k?
Blerdhodbay S koFuEoEa

XO(ErtEytEs1*"—Ey—E4)

8 (ki tke+ka1—ko)

X (do/dQ) = (0a12) | g*(ka) 12, (7)
where Eq. (2) becomes
g*(k,) =[1/(2m)*] [ dXa
X exp ( - iku . Xa> Dz*Dl*Dggoa (Xa) . (2')

Equation (2') is the distorted momentum distribution
of the struck particle (a).
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Since we are describing a (p, p’) experiment, we
must integrate over the recoil nucleus and the un-
observed particle. Using the momentum § function
to integrate over ks leaves only the integral over k4_;
to be evaluated. Evaluation of this integral becomes
simpler if (following Azhgirey et al5) one does the
integral in k4 i space with the set of coordinates
(ka-, 0, ®), where 6 is the angle between ks, and
x=ko—ki, and ® is the angle of revolution around x
measured from the plane formed by x and ky. This
yields

&s 1 4
= —— S [do [dka
dExd, (mz,,?élf o J dkas

kA_ 1E2k1 do.free -

nhe do (0812) | gk I

(8)
where the limits of the integral over k-1 are given
by the condition | cosfy | <1, where
h262x2+ﬁ262k‘4_<12—m264— (E1+EA.<18‘V—E0_‘EA) i
2h2cxka ’

cosfly=

these limits coming from the integration over the
energy-conserving 8 function. If we use a bound-state
wave function of the type

@ngim; (1) = [ttaju(r) /v {[1/204+1) ][ (I—m—+3) 12
XY imram (0, o) at (I+m+35)12Y eqnBll,  (9)

we must average | g(k) |* over the 2541 values of m;,
since the value of m; of the struck nucleon is un-
known.

When Eq. (9) is inserted in Eq. (2'), and use is
made of the relationship

[1/(2+1)] Z ! Enitmmy (ko) |2
=[1/ 2411 guitmi (ka) %
where
Gnstm; (k) =[1/(2m)**] [ dXo exp(—ikoXa) Dy*Dy*Dy
X [unjl(Xa)/Xa:l Yl,mz (ea; (I:a), (2/1)

so the expression for the cross section becomes

@0/ dEd =1/ (hic)*] f [do [ dka_skay

a=1
X (E2ky/ ko Eox) (do/dQ) e (0a12)
X[/ (241D ]Z | guimi (ka) 2. (8")
ml
For the case where there is no distortion

El/(2l+1)] Z ( Enijtm 12

5 L. S. Azhgirey et al., Nucl. Phys. 79, 609 (1966).
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has no @, dependence, i.e., it depends only on the
magnitude of &, Although strictly true only for the
case where there is no distortion, we assume this
quantity is independent of the angle ® for the case
where distortion is present. Since d(o/dQ)e(0a12)
has no & dependence, 2 is the only variable depend-
ing on ® and therefore,

dsa/dE1d91= [1/ (ﬁC) 2] i (47rk1/kox) f (dkA_.1kA_1/Ea)

X [mi+ EoEa— pope cos(x, k) cos(x, ko) ]
X (do/dQ)F(0al2)[1/(2+1)] 3 | gujim (ka) [2. (8")

Unfortunately, to calculate d?s/dQudE; as written here
for 20 values of E; would require 16 h of computer
time on a machine with the capabilities of a UNIVAC
1108. Therefore,

[1/(2l+1)]Zl lgl?

was calculated utilizing several additional approxima-
tions. Specifically, the approximation used in doing
the ® integral in % space was also utilized in doing
the angular integrations in g(k).

Since for the no-distortion case

[/ +D12 gl

is independent of 6, doing the angular integrations
in g(k) assuming 6r,=0 will give the correct result
even though only the m=0, ¥, will contribute. Since
for the no distortion case this simplification has no
affect on the numerical result, we make the same
simplification here. Taking 6;,=0 and utilizing only
the m=0, V., gives

[1/2A4-1) 1| gnjim (ke) [P=[1/(20+1) ] Z;, I

X f Xaanunjl (Xa) D2*D]_*Do exp(—ikaXa COS@X,I)
XV 1,0(0xe; Pxa) d(cosfxa) dPxa |2 (10)

If the @ dependence in the distortion factors is ignored,
we have

[1/(204-1) 71 gnjimi (ko) 2=[1/(201+1)] ZI | 27

X [ XodXottnji(X o) De* (X o) Di*(Xa) Do(Xe)

X exp(—tkeXa co80xa) 1,0(0xa 0)d(cosbxa) 2. (11)

B. Distortion Factors

In Eq. (3), the distortion factor to be used in
finding the distorted momentum distribution, Eq. (10),
is defined. In a usual distorted-wave analysis these
functions are formed by solving the Schrodinger equa-
tion for elastic scattering with an appropriate optical
potential. Some time ago, it was observed by Amos®

6 K. A. Amos, Nucl. Phys. 77, 225 (1966).
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that at incident proton energies greater than about
50 MeV the solutions in a realistic optical potential
could, in fact, be reasonably well represented by at-
tenuated plane waves. The result is not surprising
inasmuch as we are beginning to satisfy the criteria
for the validity of the Glauber or high-energy ap-
proximation.”

We have therefore used this result to express our

distortion factors as
i jw V) )
ok, )

where the coordinate, energy £, and the momentum £,
and optical potential V(x) are appropriate to the
particular particle being considered. In the calcula-
tions reported here, we further simplified the calcula-
tion by using only a complex square well. The distorting
factors then become

D=exp{[—ifi/(fic)*k ][V (E)+iW (E) ] ASY,

where AS is the path length in the potential (or
nucleus). The energy dependence of the potential
arises, in part, from the use of a local representation
of the nucleon-nucleus potential.

D(r)=exp (

III. PARAMETRIZATION

The calculations which we wish to report in no
way represent an exhaustive multidimensional param-
eter search to attempt to fit the data precisely. Rather
we prefer to use parameters which are, in fact, con-
sistent with elastic nucleon-nucleon scattering, the
shell-model, and known binding energies, and an
energy-dependent optical model for scattering to de-
termine the absorption properties. In other words,
we wish to develop a calculation in which all param-
eters are essentially determined from different inde-
pendent experiments. To this end we have used the
following parametrization of the appropriate param-
eters in Eq. (8) of Sec. IIL

A. Nucleon-Nucleon Scattering
(1) (do/dQ)tree=(1.94-230./T+4850/77?)
X (14-0.1 cos¥),

where T is the c.m. kinetic energy and 6 is the c.m.
scattering angle. This formula® was used for the 160-
MeV analysis, while for the 1014-MeV scattering we
used

(ii) (do/dR)free= AeB=",
A=15.2X10"% cm?,
B=—5.78X10"% (MeV/c)?,

where

7R. J. Glauber, in Lectures in Theoretical Physics (University
of Colorado Press, Boulder, Colorado, 1958), Vol. 1, p. 374.
8 K. F. Riley, Nucl. Phys. 13, 407 (1959).
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and
X=—(po—11)?

with po the incident-particle four-momentum and p;
the outgoing-particle four-momentum.?

B. Single-Particle Wave Functions

The aBacus II program of Auerbach® was used to
generate the single-particle wave functions. The form
of the nuclear potential was

Vee(r)=—VRE/[14exp(r—R) /a].
In addition, a spin-orbit term was used with
Vso=—V.SO0(1/r)[(d/dr) Vgz(r) ]1-0.
Table I gives the parameters used in these equations.
C. Distorting Optical Potentials

As indicated in Sec. III B, the distortion was taken
to be that of an attenuated plane wave in a complex
square well. The potential parameters were taken to be

(i) at 160 MeV,
V=55 MeV—0.3T,
W =10 MeV,
R=2.96X10"13 cm,

where 7" is the kinetic energy of the particle under-
going distortion. These values are close, but not iden-
tical, to those of Perev, and Bohr and Mottelson.?

(i) At 1014 MeV,
R=2.29%10"1 cm,
V=—20 MeV,
W =100 MeV.

These values are the same as those found by Pa-
levsky et al.! in their optical-model analysis of the
elastic scattering of 1014-MeV protons on C®2. Inas-
much as the outgoing proton energy is always greater

TaBrLE I. Parameters of the shell model used to generate the
wave functions for the struck particles.

Binding
State energy R a VRE VSO
nlj MeV 10%cm 10¥cm MeV  MeV
Lsiye 34.0 2.96 0.55 59.5 0.0
1par2 15.8 2.96 0.55 55.5 9.0

9 E. Auerbach (unpublished). We would like to thank Elliot
Auerbach for making this program available to us.

10 F. G. Perey, Phys. Rev. 131, 745 (1963) ; A. Bohr and B. R.
Mottelson, in Nuclear Structure (W. A. Benjamin, Inc., New
York, 1969), Vol. I, Egs. (2)—(176).

1 H, Palevsky et al., Phys. Rev. Letters 18, 1200 (1967).
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Frc. 1. The experimental results, the PWIA calculation, and
DWIA calculation for the quasifree scattering of 160-MeV
protons from C2 at 30°.

than 700 MeV, we have not varied the magnitude of
the distorting potential for this particle.

IV. RESULTS AND DISCUSSION

Using the above parameter sets, the main results
of this analysis are given in Figs. 1-4, and these
results are discussed in the following subsections.

A. Effect of Distortion on the Magnitude
of the Cross Section

When examining Figs. 1-4 the effect of the distor-
tion on the magnitude of the cross section is the
most striking result. That the DWIA theory decreased
the values of the cross section with respect to the
plane-wave impulse-approximation (PWIA) theory is
no great surprise since all cases calculated included
the imaginary part of the optical potential which
results in an e -type factor in the distorted momen-
tum distribution g(%). However, the size of the de-
crease was of interest, and it was found that in all
cases the distortion reduced the magnitude of the cross
section to values more in line with the experimental
data. In fact, when calculating the ratio of the ex-
perimental value of the cross section at the peak to
the theoretical value of the cross section at the peak,
one finds that for the four cases calculated (160 MeV
at 30°, 160 MeV at 50°, 1014 MeV at 9.05°, 1014 MeV
at 20.2°) the PWIA theory gives ratios of 0.50, 0.52,
0.32, and 0.53, whereas the DWIA theory gives ratios
of 0.92, 1.02, 0.86, and 1.28, respectively. In all cases
the improvement is substantial, and one can say that
the inclusion of absorptive processes is necessary for
any reasonable quantitative description of the cross
section.

B. Effect of Distortion on the Peak Position

Next to changes in magnitude the second most
obvious feature apparent from Figs. 1-4 is the fact
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Fi1c. 2. The experimental results, the PWIA calculation, and
the DWIA calculation for the quasifree scattering of 160-MeV
protons from C*2at 50°.

that the DWIA calculation gives a peak position
which is, in all cases, as good as or slightly better
than the PWIA results. As will be shown later, the
real part of the optical potential is responsible for
this shift.

C. Effect of Distortion on the Shape

Whether or not the DWIA theory gives a spectrum
shape which is an improvement on the PWIA spec-
trum is not readily apparent by examining Figs. 1-4
as given. Therefore, to facilitate this examination, the
experimental, DWIA, and PWIA results were all nor-
malized to one and plotted in Figs. 5-8. In all four
cases, the DWIA curve drops below the experimental
curve on both the high- and low-energy sides of the
peak more sharply than the PWIA curve does. That
is, the DWIA spectrum is narrower than either the
PWIA or experimental spectra.

We have undertaken another series of calculations
to determine the sensitivity of the calculations to
various parameters. These tests were as follows.

F16. 4. The experimental results, the PWIA calculation, and
the DWIA calculation for the quasifree scattering of 1014-MeV
protons from C2 at 20.2°,

1. Sensitivity to Changes in Ry

The spectrum’s sensitivity to changes in the value
of the optical-potential radius, Ry, was tested by doing
1014-MeV calculations (at 9.05° and 20.2°) for two
sets of Ry Calculations were made with Ry=2.29 F
(the value derived by fits to elastic proton scattering
at 1 GeV) and with Ry=2.96 F (the value used for
the 160-MeV calculations). The results are shown in
Fig. 9. The 299, increase in the radius of the potential
results in a 209, decrease in the magnitude of the
cross section at 9.05° and a 229, decrease at 20.2°.
In the 9.05° case, the experimental curve fell between
the two curves given by the different radii, but in
the 20.2° case the experimental curve was much
higher than the curve calculated with either radius,
although the curve calculated with Ry=2.29 F came
closer to matching the experimental results.

2. Sensitivity to Changes in V

The sensitivity of the spectrum to changes in the
real part of the potential was tested by doing the

T l T l T l T l 1] I T I T
2 , — T I T ] T l T »I
100~ C%p,p"), 1014 MeV, 9.09° — ° 10 Clz(p,p'), 160 MeV 8,= 30°_|
o
2 | J
—— EXP PN =
80 . pwiA / \, . N 3 N
g \ N
a0 ——— DWIA 7 \ 2 L i
22 col- Vo=-20Mev  / \ N z
) W,,=100 7 K 3 T
N o1 Me\l/ \ z
_ W 05 -
— v_
S ER
——— DWIA 1
- L V=55 MeV-03T 4
! Wo,=10 Mev |
: o P E U R B
860 880 900 920 940 960 980 1000 40 60 80 100 120 40-
E,(MeV)
E| (MeV)

Frc. 3. The experimental results, the PWIA calculation,
and the DWIA calculation for the quasifree scattering of 1014-
MeV protons from C*2 at 9.09°.

F1c. 5. The same curves as in Fig. 1 except normalized to-

accentuate the differences.
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F16. 6. The same curves as in Fig. 2 except normalized to
accentuate the differences.

160-MeV calculations with the real part of the poten-
tial given by 60 MeV—0.3T", 55 MeV—0.37", 50 MeV —
0.37, and O while keeping the imaginary part of the
potential fixed at 10 MeV. The results of these cal-
culations are shown in Figs. 10 and 11. Increasing the
real part of the potential by 5 MeV results in de-
creases in the magnitude of the cross section of 4-10%,
as well as slight shifts (of 3-4 MeV) in the position
of the peak to higher energies. Turning the real part
of the potential off completely caused the peak to
fall at the same energy as in the plane-wave case.

3. Sewusitivity to Changes in W

The sensitivity of the spectrum to changes in the
imaginary part of the potential was tested next by
doing calculations (again at 160 MeV at 30° and 50°)
where the imaginary part of the potential was given
as 0, 5, 10, and 15 MeV while keeping the real part
fixed at 55 MeV—0.37. The plotted results are shown
in Figs. 12 and 13. Unlike changes in V, changes in W
do not produce noticeable shifts in the position of the
curves’ peaks, but introduced only changes in mag-
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12 g °
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7N
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: I : // i
] L / / i
3 4
£ o5t EXP —
S
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o - ——— DWIA E
o = -
ola i Vo= ~20 MeV |
|3 Wo,= 100 MeV
O 1 l 1 ] 1 l 1 [ 1 I 1 I 1
860 880 900 920 940 960 980 1000
E; (MeV)

Fi1c. 7. The same curves as in Fig. 3 except normalized to
accentuate the differences.
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F1c. 8. The same curves as in Fig. 4 except normalized to
accentuate the differences.

nitude. In fact, increases of 5 MeV in W caused
decreases of 17-239, in the magnitude of the cross
section.

4. Sensitivity to Distortion of the Unobserved Particle

Finally, we performed the DWIA calculation with
and without a distorting factor for the unobserved
particle. The basic argument is that while in a (p, 2p)
experiment calculated in a similar fashion the distor-
tion of both protons is important, in this calculation
we are not involved with the history of the unobserved
particle after the collision and therefore need not

cip,p") at 1014 Mev

———_DWIA Ry=229 F
—-— DWIA R,=295F
EXP

60 6,=9.05°

o T
2|2
E 3
“ 1
N—
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w
°
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o|q
© 06 [—
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F1c. 9. DWIA calculations at 1014 MeV showing the effect of
changing the radius of the square-well distorting potential.
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F1c. 10. DWIA calculations at 160 MeV showing the effect of
small changes in the well depth of the real part of the distorting

potential. The imaginary part of the potential was kept at 10
MeV.

consider it. The only property of the unobserved
particle that plays any role in the present sort of
formulation is its initial momentum distribution and
the fact that we have a single nucleon-nucleon colli-
sion with it. We nevertheless formulated our program
such that we could allow for a distortion on the ob-
served particle, and in Fig. 14 illustrate the effect of
including this distortion for the 160 MeV, 30° and 50°

—— EXP
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—.— DWIA V,, OFF
10— /T_—\—\\
/- /// .
— . - \
> 05 = -
a2 N
E s
22 P IS SRR B
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© 60 8 =50
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.\‘
N
1 1

I -
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E; (MeV)

P IR B
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Fic. 11, DWIA calculations at 160 MeV showing the effect of
the real part of the distorting potential keeping the imaginary
part constant at 10 MeV but letting the real part be either
55 MeV—0.3T (Vo on) or 0 (Vo off).
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F16. 12. DWIA calculations at 160 MeV showing the effect of
changing the imaginary part of the distorting potential keeping
the real part at 55 MeV—0.37.

data. At both angles the addition of distortion lowered
the cross section by a factor of 2 below the experi-
mental values. It did not adversely affect the peak
position, however, and in one of the two cases actually
improved it. The fact that the spectra calculated
without distortion on particle 2 gives better agree-
ment with experiment than those calculated with dis-
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Fic. 13. DWIA calculations at 160 MeV showing the effect of
having a real distorting potential of 55 MeV—0.37 with an
imaginary™part of either 10 MeV or 0.
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tortion included is consistent with our argument for
neglecting this distortion.

Other calculations were undertaken to investigate
the assumption that 6i.=0 in the calculation of
| g(k) |2, and it was found that this approximation
causes an overestimate of the peak cross section by
about 129, but there was no change of shape of the
spectrum for the 1014 MeV 13.5° case. These and
other calculations are present in a M.S. thesis?? by
one of the authors, copies of which are available.

V. CONCLUSIONS

We have presented a calculation which involves
several nonessential simplifications such as the use of
the square-well distorting factors, as well as several
more basic assumptions such as the locality assump-
tion of the optical potential, the use of on-energy-
shell representation of the nucleon-nucleon scattering,
and the impulse approximation. Despite this we find
remarkably good agreement between experiment and
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F1c. 14. DWIA calculations at 160 MeV showing the effect of
including distortion on the unobserved particle.

2F, R. Kroll, M.S. thesis, University of Maryland, 1969
(unpublished).
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the results of these calculations both with respect to
the shape of the spectra as well as the over-all mag-
nitude of the cross section.

There is, however, still one unexplained discrepancy
between theory and experiment. Specifically, the loca-
tion of the peak of the calculated spectrum falls con-
sistently below that of the experiment. As was pointed
out by Corley,® the location of the peak is as though
the struck nucleons were bound with much less than
the binding energies observed - in (p, 2p) experiments
though the width of the peak is rather consistent
with the momentum distributions found by fitting
the observed binding energies in reasonable shell-model
potentials. It is our feeling that the otherwise good
agreement between theory and experiments indicates
that a significant nuclear effect has been left out of
our calculations.

As was pointed out in both Refs. 1 and 3, there is
a discrepancy in the tails of the spectrum which cor-
respond to struck particles with high internal mo-
menta. That discrepancy is, in fact, better substan-
tiated by the present calculations but until the peak-
location discrepancy is resolved one cannot hope to
get quantitative data on the higher-momentum com-
ponents.

Note added in proof. A paper by T. de Forest, Jr., re-
cently appeared [Nucl. Phys. A132, 305 (1969)] in
which a similar analysis for quasifree inelastic electron
scattering was performed. In both papers, binding
energy effects are included. Our paper is similar to his
plane-wave quasielastic model though our use of com-
plex energy-dependent optical potential to generate the
distorted waves is not obviously equivalent to the Perey
effect. Our results indicate that the treatment we used
incorporates enough of the nonlocal energy-dependent
effects and that the renormalization of the wave func-
tions is not necessary for agreement with experiment
OvVer our energy range.
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