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Coulomb distortion effects for electron or positron induced„e,e8… reactions
in the quasielastic region
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In response to recent experimental studies we investigate Coulomb distortion effects on (e,e8) reactions
from medium and heavy nuclei for the case of electrons and positrons. We extend our previously reported full
distorted-wave Born approximation treatment of Coulomb distortions to the case of positrons for the208Pb
(e,e8) reaction in the quasielastic region for a particular nuclear model. In addition, we use previously reported
successful approaches to treating Coulomb corrections in an approximate way to calculate the Coulomb
distortion effects for (e,e8) reactions for both electrons and positrons for the case of a simple nuclear model
for quasielastic knockout of nucleons. With these results in hand we develop a simplead hocapproximation for
use in analyzing experiments, and discuss methods of extracting the ‘‘longitudinal structure function’’ which
enters into evaluation of the Coulomb sum rule. These techniques are generally valid for lepton induced
reactions on nuclei with momentum transfers greater than approximately 300 MeV/c.
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I. INTRODUCTION

A persistent problem in using electron scattering for
vestigating nuclear structure and nuclear properties, e
cially in the quasielastic region, is the large static Coulo
field of medium and heavy nuclei. The presence of the st
Coulomb potential~of order 25 MeV at the surface of th
208Pb nucleus! invalidates one of the primary attributes
electron scattering as usually presented. Namely, that in
electron plane-wave Born approximation, the cross sec
can be written as a sum of terms each with a character
dependence on electron kinematics and containing var
bilinear products of the Fourier transform of charge and c
rent matrix elements. That is, various structure functions
the process can be extracted from the measured data b
called Rosenbluth separation methods. The trouble with
picture is that when Coulomb distortion of the electron~or
positron! wave functions arising from the static Coulom
field of the target nucleus is included exactly by partial wa
methods, the structure functions can no longer be extra
from the cross section, even in principle.

In the early 1990’s, Coulomb distortion for the reactio
(e,e8) and (e,e8p) in quasielastic kinematics was treate
exactly by the Ohio University group@1–5# using partial
wave expansions of the electron wave functions. Such pa
wave treatments are referred to as the distorted-wave B
approximation~DWBA! since the static Coulomb distortio
is included exactly by numerically solving the radial Dira
equation containing the Coulomb potential for a fin
nuclear charge distribution to obtain the distorted elect
wave functions. While this calculation permits the compa
son of nuclear models to measured cross sections and
vides an invaluable check on various approximate techniq
of including Coulomb distortion effects, it is numerical
0556-2813/2001/64~4!/044607~7!/$20.00 64 0446
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challenging and computation time increases rapidly w
higher incident electron energy. Furthermore, the initial co
puter codes did not include the option of calculating positr
induced reactions in an obvious manner although only
sign of the Coulomb distortion term in the Dirac equati
needed to be changed. And, as noted above, it was not
sible to separate the cross section into various terms con
ing the structure functions and develop insights into the r
of various terms in the transition charge and current distri
tions.

In our DWBA investigations of (e,e8) and (e,e8p) reac-
tions in the quasielastic region, we used a relativistic tre
ment based on thes-v model for the nucleons involved. In
particular, for the (e,e8p) reaction we use a relativistic Har
tree single particle model for a bound state@6# and a relativ-
istic optical model for an outgoing proton@7# combined with
the free space relativistic current operatorJm5gm

1 i (k/2M )smn]n . For the (e,e8) case we solve for the con
tinuum nucleon wave functions using the real bound st
potential so as to maintain current conservation. Using th
models, we compared our DWBA calculations with expe
mental data measured at various laboratories for (e,e8) @1,2#,
and for (e,e8p) @3–5# and have found excellent agreeme
with the data. We concluded that the relativistic nuclear m
els are in excellent agreement with the measured data
note that we do not need to invoke meson exchange eff
and other two-body terms in the current that are necessa
a Schro¨dinger description that uses a nonrelativistic redu
tion of the free current operator@8#. However, other investi-
gators use other nuclear models and our elaborate DW
code cannot be easily modified to include different transit
currents.

To avoid the numerical difficulties associated with DWB
analyses at higher electron energies and to look for a wa
©2001 The American Physical Society07-1
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still define structure functions, our group@9–11# developed
an approximate treatment of the Coulomb distortion ba
on the work of Knoll@12# and the work of Lenz and Rosen
felder @13#. We were able to greatly improve some previo
attempts along this line@14,15# where various additional ap
proximations were made which turned out not to be va
The essence of the approximation is to calculate the f
potentialAm arising from the lepton four current in the pre
ence of the static Coulomb field of the nucleus. This is p
sible for momentum transfers greater than approxima
300 MeV/c in a limited spatial region which we take to b
of order 3R whereR is the nuclear charge radius. The Co
lomb distortion is included in the four potentialAm by the
elastic scattering lepton phase shifts and by letting the m
nitude of the lepton momentum include the effect of t
static Coulomb potential. This last step leads to
r-dependent momentum. A key result of our approximat
method is that the separation of the cross section into a ‘‘l
gitudinal’’ term and a ‘‘transverse’’ term is still possible.

We compared our approximate treatment of Coulomb d
tortion ~which we will designate as approximate DW! to the
exact DWBA results for the reaction (e,e8p) and found good
agreement~at about the 1–2 % level! near the peaks of cros
sections even for heavy nuclei such as208Pb. With an im-
proved parametrization of the elastic scattering elect
phase shifts@11#, we achieve quite good agreement aw
from the peaks in the cross sections. Using this approxim
DW treatment of Coulomb distortions for the inclusiv
(e,e8) reaction is much more difficult numerically since th
direction of the outgoing nucleon has to be integrated o
and all the nucleons in the nucleus have to be knocked
Therefore, we sought even more severe approximation
order to obtain a simplead hoc method of calculating the
structure functions for (e,e8) reactions. In our earlier work
we found it necessary to use differentad hocprocedures for
the longitudinal and transverse terms@10#, although our in-
vestigation of thead hocprocedure for the longitudinal term
was hindered by the fact that the longtitudinal contributio
to the total cross section are usually considerably less
50% and thus we did not have great sensitivity to the C
lomb corrections for the longitudinal structure function.
this paper we will use a simple nonrelativistic toy model
calculate the Coulomb corrections to the longitudinal str
ture function with our approximate DW methods that w
applied to (e,e8p) and then investigate thead hoctreatment
of the longitudinal structure function which is a key ingred
ent in investigating the Coulomb sum rule. After developi
an improvedad hocprocedure using our toy model we com
pare it to the full DWBA calculation which we have no
extended to include positron induced reactions.

II. APPROXIMATE TREATMENT OF COULOMB
DISTORTION

Our approximate method of including the static Coulom
distortion in the electron wave functions is to write the wa
functions in a plane-wave-like form@10#
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C6~r !5
p8~r !

p
e6 id(L2)eiDeip8(r )•rup , ~1!

where the phase factord(L2) is a function of the square o
the orbital angular momentum,up denotes the Dirac spinor
and the local effective momentump8~r ! is given in terms of
the Coulomb potential of the target nucleus by

p8~r !5S p2
1

r E0

r

V~r !dr D p̂. ~2!

The ad hoc term D5a@ p̂8(r )• r̂ #L2 denotes a small highe
order correction to the electron wave number which we h
written in terms of the parametera52aZ(16 MeVc/p)2.
The value of 16 MeV/c was determined by comparison wit
the exact radial wave functions in a partial wave expansi
We have examined the positron case (Z°2Z) and find that
this parametrization works equally well when compared
the exact radial positron wave functions.

We calculate the elastic scattering phases and fit them
function of the square of the Dirac quantum numberk used
to label the phase shifts. We then replace the discrete va
of k2 with the total angular momentum operatorJ2 which we
subsequently replace by the orbital angular momentum
eratorL2 since the lowk terms where the difference betwee
j andl is significant contribute very little to the cross sectio
Finally we replace the angular momentum operator squa
by its classical value (r3p)2. The removal of any spin de
pendence apart from what is in the Dirac spinorup is crucial
for writing the cross section as the sum of a longitudinal a
a transverse contribution.

Initially @9# we fitted the phasesdk to a quadratic function
of k2 which worked reasonably well for lower electron e
ergies, but with the prospect of new higher energy elect
accelerators, we needed a fit to the phases that will wor
higher energies. In addition, we wanted to avoid calculat
all of the elastic phase shifts, particularly the very highk
values. We decided to make use of the fact that the highek
phase shifts approach the point Coulomb phases which h
a simple analytical form at high energy. The lowk phases,
corresponding to orbitals which penetrate the nucleus,
linear in k2 which was the basis or our initial parametriz
tion. The difficult phases to fit correspond tok values of
order pR which, from a classical point of view, correspon
to scattering from the nuclear surface region and are kno
to make large contributions to the cross section. We w
able to find a parametrization of the elastic scattering pha
shifts in terms ofk2 which has the correct largek2 behavior
and becomes linear ink2 at low angular momentum, an
since we have the correct largek behavior, we need only
calculate the exact scattering phase shifts fork values up to
order pr. After some investigation@11#, we found that the
following parametrization of elastic scattering phase shift
scribes the exact phase shifts very well:
7-2
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COULOMB DISTORTION EFFECTS FOR ELECTRON OR . . . PHYSICAL REVIEW C 64 044607
d~k!5Fa01a2

k2

~pR!2Ge21.4k2/(pR)2

2
aZ

2
~12e2k2/(pR)2

!3 ln~11k2!, ~3!

wherep is the electron momentum and we take the nucl
radius to be given byR51.2A1/320.86/A1/3. We fit the two
constantsa0 and a2 to two of the elastic scattering phas
shifts @k51 andk5Int(pR)15#. To a very good approxi-
mation, a05d(1) and a254d@ Int(pR)15#1aZ ln(2pR),
where Int(pR) replacespR by the integer just less thanpR.
Note that this parametrization only requires the value of
exact scattering phase shift fork51 and k5Int(pR)15.
For this paper we have confirmed that this same param
zation works equally well for the positron phase shifts.

Using the new phase shift parametrization and the lo
effective momentum approximation, we construct plan
wave-like wave functions for the incoming and outgoi
electrons. Since the only spinor dependence is in the D
spinor all of the Dirac algebra goes through as usual and
end up with a Mo” ller-like potential given by

Am
appro DW~r !5

4pe

q22v2
ei „d i $[ r3pi8(r )] 2%1d f $[ r3pf8(r )] 2%…

3ei (D i2D f )eiq8(r )•rūfgmui , ~4!

where the phase shift parametrization is given in Eq.~3! with
k2 being replaced by (r3p)2, the parameterD is given fol-
lowing Eq. ~2!, and ther-dependent momentum transfer
given byq8(r )5pi8(r )2pf8(r ).

With this approximate DW four potentialAm it is straight-
forward to calculate the (e,e8p) cross sections and modifie
structure functions. We showed@11# that using this new
phase shift~see Refs.@9,10# for details! we can reproduce the
full DWBA cross sections for (e,e8p) from medium and
heavy nuclei very well.

III. APPLICATION TO THE INCLUSIVE PROCESS

In the plane wave Born approximation~PWBA!, where
electrons or positrons are described as Dirac plane waves
cross section for inclusive quasielastic (e,e8) processes can
be written simply as

d2s

dVedv
5sMH qm

4

q4
SL~q,w!1F tan2

ue

2
2

qm
2

2q2GST~q,w!J ,

~5!

whereqm
2 5v22q2 is the four-momentum transfer,sM is the

Mott cross section given by

sM5S a

2ED 2cos2
u

2

sin4
u

2

,
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and SL and ST are the longitudinal and transverse structu
functions which depend only on the momentum transfeq
and the energy transferv. As is well known, by keeping the
momentum and energy transfers fixed while varying the e
tron energyE and scattering angleue , it is possible to extract
the two structure functions with two measurements. As
will summarize below, our approximate treatment of Co
lomb distortions still permit Rosenbluth-like separations b
with Coulomb corrections which require the use of mode

For the inclusive cross section (e,e8), the longitudinal
and transverse structure functions in Eq.~5! are bilinear
products of the Fourier transform of the components of
nuclear transition current density integrated over outgo
nucleon angles. Explicitly, the structure functions for knoc
ing out nucleons from a shell with angular momentumj b are
given by

SL~q,v!5 (
mbsp

rp

2~2 j b11!
E uN0u2dVp , ~6!

ST~q,v!5 (
mbsp

rp

2~2 j b11!
E ~ uNxu21uNyu2!dVp , ~7!

where the nucleon density of statesrp5pEp /(2p)2, the z
axis is taken to be alongq, andmb andsp are thez compo-
nents of the angular momentum of the bound and continu
state particles. The Fourier transfer of the nuclear curr
Jm(r ) is simply

Nm5E Jm~r !eıq•rd3r ~8!

and the continuity equation has been used to eliminate tz
component (Nz) via the equationNz52(v/q)N0.

When we use our approximate Mo” ller potential given in
Eq. ~4!, we also can separate the cross section into long
dinal and tranverse components since as noted previous
is the Dirac spinor structure that leads to this result. Ho
ever, when we use the approximate electron four poten
along with current conservation to eliminate thez component
of the current we run into a problem since the moment
transferq8 depends onr both in magnitude and direction. In
addition, the phase factors depend onr . To avoid generating
additional terms we assume the direction ofq8(r ) is along
the asymptotic momentum transferq which defines theẑ
axis, and neglect the dependence onr in the phases and in
q8(r ), when taking the divergence ofN. With this further
approximation, current conservation impliesvN01q8(r )•N
50. Using these results, the approximate cross section
the inclusive reaction (e,e8) can be written as

d2s

dVedv
5sMH qm

4

q4
SL8~q,w!1F tan2

ue

2
2

qm
2

2q2GST8~q,w!J
~9!

and the transform of the transition nuclear current eleme
which appears inSL andST are given by
7-3
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N0
appro DW5E S qm8 ~r !

qm
D 2S q

q8~r !
D 2

eid f $[ r3pi8(r )] 2%

3eid f $[ r3pf8(r )] 2%ei (D i2D f )eiq8(r )•rJ0~r !d3r ,

~10!

NT
appro DW5E eid i $[ r3pi8(r )] 2%eid f $[ r3pf8(r )] 2%

3ei (D i2D f )eıq8(r )•rJT~r !d3r . ~11!

Due to the angular dependence in the phase factor
Eqs.~10! and~11!, a multipole expansion of the approxima
potential is not practical. Thus,N0

appro DWandNT
appro DWhave

to be evaluated by carrying out a three-dimensional num
cal integration. As we have shown for the (e,e8p) case@11#,
this numerical integration reproduces the exact DWBA
sults very well. However, since the inclusive reaction (e,e8)
requires a sum over all occupied neutron and proton sh
and a further integration over the directions of the outgo
nucleon, numerical integration is very time consuming.
order to have a more practical procedure we examine a
tional approximations that will allow the integration over th
angular coordinates in Eqs.~10! and~11! to be done analyti-
cally.

We created such anad hocprocedure in a previous pape
@9#, but we were comparing ourad hoc procedures to the
exact DWBA calculation which was largely dominated
the transverse terms. Hence, ourad hocprocedures for the
longitudinal term were not very well determined. In additio
our full DWBA calculation was only set up for electrons, s
we could not check thead hocapproximation for positrons
In order to address this matter, we created a simple
model which assumes harmonic oscillator bound state
tons and takes the outgoing continuum proton wavefunc
to be a plane wave. Using this simple model to calculate
transition charge distributions allows us to calculate the l
gitudinal contribution to the cross section using the appro
mate DW expression forN0 of Eq. ~10! and to compare this
result to variousad hocproscriptions. Based on this invest
gation, coupled with our previous investigation of the tran
verse contributions which dominate the cross section at la
electron scattering angles, we propose the followingad hoc
expressions for the longitudinal and transverse struc
functions:

N0
ad hoc5E S qm8 ~r !

qm
D 2S q

q8~r !
D 2

ei ^d(k i
2)1d(k f

2)&

3eiq8(r )•rJ0~r !d3r , ~12!

NT
ad hoc5S pi8~0!

pi
D E eiq8(r )•rJT~r !d3r , ~13!

where ^d(k i , f
2 )& denotes an average over the angles of

vectorr . That is,^k i , f
2 &5^(r3pi , f)

2&5r 2pi , f
2 (32cos2upi,f

)/4.

Note that under this averaging, theD term goes to zero. This
04460
in

i-

-

lls
g

i-

,

y
o-
n
e
-
i-

-
e

re

e

removes the angular dependence in the phase factors,
thus permits a multipole treatment of the matrix element
usual.

In the following figures for the longitudinal parts of th
cross sections based on our simple model we will comp
our new recommended longitudinalad hoc result given in
Eq. ~12! to the result calculated by the full three-dimension
integration of Eq.~10! and to our previousad hoc results
called LEMA8 which we give below for convenience:

N0
LEMA85S pi8~0!

pi
E eiq9(r )•rJ0~r !d3r D , ~14!

whereq95pi9(r )2pf9(r ), p9(r )5p2(l/r )*0
r V(r 8)dr8, and

the factor l, which depends on the energy transferv, is
given byl5(v/v0)2 with v05q2/1.4M .

Clearly N0
ad hoc and N¢ T

ad hoc represent a modified Fourie
transform of the nuclear transition current. For comparis
purposes, the approximation known as the EMA repla
q8(r ) with q8~0! wherever it appears in Eqs.~10! and ~11!
for N0 andNT and the phases are neglected as usual. We
that for light nuclei the EMA is adequate, but it leads to lar
errors for nuclei as heavy as208Pb.

In Fig. 1 we compare the two approximate calculatio
with the DW approximation for the longitudinal contributio

FIG. 1. Longitudinal contributions to the differential cross se
tions at a forward scattering angle for208Pb(e6 ,e68 ) for different
bound state orbitals. The solid line is the approximate DW res
the dashed line is ourad hocresult and the dotted line is our pre
vious LEMA8 approximation.
7-4
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COULOMB DISTORTION EFFECTS FOR ELECTRON OR . . . PHYSICAL REVIEW C 64 044607
to the cross section for knocking protons out of vario
shells at a forward angle in208Pb by electrons or positrons
Note that while we use harmonic oscillator wave functio
for all orbitals, we do use the binding energies of the orbit
that correspond to the values we find for our relativistics-v
model for 208Pb. While thead hoc result is not in perfect
agreement with the full DW result, it clearly is in bette
agreement that the LEMA8 result and, for cases where th
electron incident and final energy exceed 300 MeV is
reasonable agreement, particularly near the maxima. N
that the positron results are not very sensitive to which
proximation is used.

In Fig. 2 we show similar results at a backward angle.
note that ourad hocDWBA results for positrons tend to b
in much better agreement with the DW result than the e
tron case. We again find that our newad hocapproximation
for the longitudinal contribution is considerably better th
our previous LEMA8 result. We note that while the agree
ment between ourad hoccalculation and the DW calculatio
for knocking out protons from individual orbitals is not e
cellent, the discrepancies do not seem have a systematic
dency to be either low or high and we have reason to h
that when all the orbitals are added together as in the cas
(e,e8) reactions from nuclei that these discrepancies w
tend to average out.

FIG. 2. Longitudinal contributions to the differential cross se
tions for 208Pb(e6 ,e68 ) at a backward angle for different boun
state orbitals. The solid line is the approximate DW result,
dashed line is ourad hocDWBA result, and the dotted line is ou
previous LEMA8 approximation.
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IV. COMPARISON TO EXPERIMENT AND
CONCLUSIONS

Based on our investigation of this simple toy model, w
adopt our newad hocmodel for the longitudinal structure
functions and return to our full nuclear model for investiga
ing Coulomb corrections for208Pb (e,e8) in the quasielastic
region where the lepton can be electrons or positrons.
first step is to reexamine our full DWBA calculation@3# and
modify the code for the case of positrons. We were succe
ful in doing this and can now compare the full DWBA ca
culation for electrons and positrons based on a realistic r
tivisitic nuclear model to ourad hoctreatment of Coulomb
corrections which still permit a separation into longitudin
and transverse terms.

In Fig. 3 we compare the full DWBA calculation to thead
hoc result and the electron plane wave result~PWBA! for
electrons with incident energy ofEi5310 MeV and scatter-
ing angle ofu5143°. Note that this comparison is only a te
of the ourad hoc transverse treatment which is unchang
from our previous work since the longitudinal contribution
such a large angle is at the few percent level. The agreem
of the ‘‘plane-wave-like’’ ad hoc calculation with the full
DWBA result is quite good, even though the outgoing ele
tron energy is well below 300 MeV.

In Fig. 4, we perform a similar comparison for the case
positrons with incident energy ofEi5485 MeV and scatter-
ing angleu560°. Again, the agreement is quite good, a
unlike the backward angle scattering case, the longitud
response contributes about 40% of the cross section.

We have examined a number of other cases, and
agreement shown in Figs. 3 and 4 is characteristic at th
energies. As the lepton energies increase, thead hocapproxi-
mation improves since the Coulomb distortion effects b
come smaller. We did notice in our investigations a gene
tendency that Coulomb distortion effects for positrons te
to be smaller than Coulomb distortion effects for electro
This corresponds to an observation made many years
when looking at inelastic lepton scattering from nuclei@16#,
where we noted that Coulomb distortion for positrons ten
to saturate. As electrons pass near the nucleus, the atta
Coulomb interaction pulls them into regions of stronger p

-

e

FIG. 3. The DWBA differential cross section for208Pb(e2 ,e28 )
at 310 MeV and scattering angleu5143° compared to ourad hoc
DWBA and to the plane wave result. The bound state and c
tinuum neutron and proton orbitals are solutions to relativistic H
tree potential based on thes-v model.
7-5
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K. S. KIM, L. E. WRIGHT, AND D. A. RESLER PHYSICAL REVIEW C64 044607
tential which increases the Coulomb distortion effects, wh
positrons are pushed away from the region with a stron
potential.

With our capability of examining Coulomb distortion o
both positrons and leptons with the full DWBA calculatio
and with our improvedad hocprocedure we can compar
our model predictions to experiment. In Fig. 5, we comp
our model calculations with Coulomb distortion included e
actly and with ourad hocmethod for quasielastic scatterin
of electrons of energy 383 MeV and positrons of energy 4
MeV both at a scattering angle ofu560° from 208Pb to the
experimental data from Saclay@17,18#. Note that in this and
the following figure, we are plotting the total structure fun
tion Stotal5(d2s/dvdV f)/sM(Ei).

We first note that ourad hocand exact DWBA results are
in reasonable agreement although the lepton energy is so
what low for our approximate result, and further that t
positron and electron total structure functions have appr

FIG. 4. The DWBA differential cross section for208Pb(e1 ,e18 )
at 485 MeV and scattering angleu560° compared to ourad hoc
DWBA and to the plane wave result. The bound state and c
tinuum neutron and proton orbitals are solutions to relativistic H
tree potential based on thes-v model.

FIG. 5. The total structure functionStotal generated by dividing
the differential cross section bysM for 208Pb(e6 ,e68 ) at a forward
scattering angle of 60° with electrons of energy 383 MeV and p
itrons with energy 420 MeV. The theoretical curves correspond
the full DWBA calculation and to ourad hocDWBA calculation.
The data were taken at Saclay@17,18#. The bound state and con
tinuum neutron and proton orbitals are solutions to relativistic H
tree potential based on thes-v model.
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mately the same shape as a function of the energy transfev.
However, they do not have the same magnitude as do
data from Saclay. The positron theory result is in reasona
agreement with the experimental data, but the electron re
is approximately 15–20 % larger than the data.

In Fig. 6 we make a similar comparison except that n
the scattering angle isu5143°, and the electron inciden
energy is 224 MeV while the positron incident energy is 2
MeV. Again, whenStotal is plotted the positron and electro
shapes as a function of energy transferv are very similar,
but again, unlike the experimental data, the magnitudes
quite different. At this backward scattering angle case,
electron result~DWBA! is in quite good agreement with th
data. At these much lower energies, clearly ourad hocap-
proximation is beginning to fail, particularly for the electro
case.

There is considerable interest in extracting the longitu
nal contributions from (e,e8) reactions from medium and
heavy nuclei in order to investigate the Coulomb sum ru
Clearly, Coulomb distortion effects have to be handled pr
erly. Our results indicate that we could use a Rosenbluth-
procedure in order to separate our ‘‘longitudinal’’ and ‘‘tran
verse’’ contributions to the cross section. However, the
contributions depend on a modified~by Coulomb distortion!
Fourier transform of the transition charge and current dis
butions. It is necessary to use a nuclear model to extract
longitudinal and/or tranverse structure functions from t
data. It is not clear to us that a Rosenbluth-like procedur
the best way to proceed, since ourad hocprocedure is not
accurate in the wings of the cross section distributions an
many cases, some of the Rosenbluth points fall on either
low v or high v side of the quasielastic peak. It seems th
a better procedure might be to choose some semireal
nuclear model for the process in question. Use Eqs.~12! and

-
-

-
o

-

FIG. 6. The total structure functionStotal generated by dividing
the differential cross section bysM for 208Pb(e6 ,e68 ) at a back-
ward scattering angle of 143° with electrons of energy 224 M
and positrons with energy 262 MeV. The theoretical curves co
spond to the full DWBA calculation and to ourad hoc DWBA
calculation. The data were taken at Saclay@17,18#. The bound state
and continuum neutron and proton orbitals are solutions to rela
istic Hartree potential based on thes-v model.
7-6
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~13! to calculate the structure functions and then fit the c
culations to the available data using a least squares proce
to determine normalization factorsNL andNT in front of the
appropriate terms. The nuclear model should have the ov
correct spatial and kinematic dependence, but the longit
nal or transverse strength will be determined by fitting th
normalization factors. Once these factors are determined,
can use the same nuclear model weighted with these fac
to calcuate the plane wave structure functions, ther
.
th
.S

ys

er

e

04460
l-
ure

all
i-
e
ne
rs
y

having ‘‘measured’’ the nuclear longitudinal and transve
response.
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@17# P. Guèye et al., Phys. Rev. C60, 044308~1999!.
@18# J. Morgenstern~private communication!.
7-7


