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Coulomb distortion effects for electron or positron induced(e,e’) reactions
in the quasielastic region
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In response to recent experimental studies we investigate Coulomb distortion effe@sebnréactions
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 fSfRthe
(e,e") 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') 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 sidpdeapproximation 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 300cMeV/
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[. INTRODUCTION challenging and computation time increases rapidly with
higher incident electron energy. Furthermore, the initial com-
A persistent problem in using electron scattering for in-puter codes did not include the option of calculating positron
vestigating nuclear structure and nuclear properties, esp@duced reactions in an obvious manner although only the
cially in the quasielastic region, is the large static Coulombsign of the Coulomb distortion term in the Dirac equation
field of medium and heavy nuclei. The presence of the statioeeded to be changed. And, as noted above, it was not pos-
Coulomb potentialof order 25 MeV at the surface of the sible to separate the cross section into various terms contain-
208h nucleus invalidates one of the primary attributes of ing the structure functions and develop insights into the role
electron scattering as usually presented. Namely, that in thef various terms in the transition charge and current distribu-
electron plane-wave Born approximation, the cross sectiotions.
can be written as a sum of terms each with a characteristic In our DWBA investigations of¢,e’) and (g,e’'p) reac-
dependence on electron kinematics and containing variousons in the quasielastic region, we used a relativistic treat-
bilinear products of the Fourier transform of charge and curment based on the-» model for the nucleons involved. In
rent matrix elements. That is, various structure functions foparticular, for the €,e’p) reaction we use a relativistic Har-
the process can be extracted from the measured data by soee single particle model for a bound stgéé and a relativ-
called Rosenbluth separation methods. The trouble with thigtic optical model for an outgoing protgid] combined with
picture is that when Coulomb distortion of the electf@n the free space relativistic current operatal*= y*
positron wave functions arising from the static Coulomb +i(«x/2M)c*"d,. For the g,e’) case we solve for the con-
field of the target nucleus is included exactly by partial wavetinuum nucleon wave functions using the real bound state
methods, the structure functions can no longer be extractggotential so as to maintain current conservation. Using these
from the cross section, even in principle. models, we compared our DWBA calculations with experi-
In the early 1990’s, Coulomb distortion for the reactionsmental data measured at various laboratoriesdge’( [1,2],
(e,e’) and (e,e'p) in quasielastic kinematics was treated and for ,e’p) [3—5] and have found excellent agreement
exactly by the Ohio University groupl—-5] using partial  with the data. We concluded that the relativistic nuclear mod-
wave expansions of the electron wave functions. Such partia@ls are in excellent agreement with the measured data and
wave treatments are referred to as the distorted-wave Bonnote that we do not need to invoke meson exchange effects
approximation(DWBA) since the static Coulomb distortion and other two-body terms in the current that are necessary in
is included exactly by numerically solving the radial Dirac a Schrainger description that uses a nonrelativistic reduc-
equation containing the Coulomb potential for a finitetion of the free current operat8]. However, other investi-
nuclear charge distribution to obtain the distorted electrorgators use other nuclear models and our elaborate DWBA
wave functions. While this calculation permits the compari-code cannot be easily modified to include different transition
son of nuclear models to measured cross sections and prourrents.
vides an invaluable check on various approximate techniques To avoid the numerical difficulties associated with DWBA
of including Coulomb distortion effects, it is numerically analyses at higher electron energies and to look for a way to
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still define structure functions, our groyp—11] developed

an approximate treatment of the Coulomb distortion based
on the work of Knoll[12] and the work of Lenz and Rosen-
felder[13]. We were able to greatly improve some previous

attempts along this linfl4,15 where various additional ap- |\ here the phase factai(L?) is a function of the square of

proximations were made which turned out not to be validy,q ohital angular momenturn,, denotes the Dirac spinor,

The essence _of the approximation is to calcu_late the fougnd the local effective momentupri(r) is given in terms of

potentialA,, arising from the I.epton four current in the Pres- the Coulomb potential of the target nucleus by

ence of the static Coulomb field of the nucleus. This is pos-

sible for momentum transfers greater than approximately

300 MeVlc in a limited spatial region which we take to be 1 (r .

of order R whereR is the nuclear charge radius. The Cou- p'(r)= ( p— —J V(r)dr) p. 2

lomb distortion is included in the four potential, by the rJo

elastic scattering lepton phase shifts and by letting the mag-

nitude of the lepton momentum include the effect of the . R

static Coulomb potential. This last step leads to anThead hocterm A=a[p’(r)-r]L? denotes a small higher

r-dependent momentum. A key result of our approximatiororder correction to the electron wave number which we have

method is that the separation of the cross section into a “lonWritten in terms of the parameter= —«Z(16 MeVc/p)?.

gitudinal” term and a “transverse” term is still possible. ~ The value of 16 MeW¢ was determined by comparison with
We compared our approximate treatment of Coulomb disthe exact radial wave functions in a partial wave expansion.

tortion (which we will designate as approximate D\ the ~ \We have examined the positron caZe+—Z) and find that

exact DWBA results for the reactior e’ p) and found good this parametrization works equally well when compared to

agreementat about the 1—2 % levehear the peaks of cross the exact radial positron wave functions.

sections even for heavy nuclei such #8Pb. With an im- We calculate the elastic scattering phases and fit them to a

proved parametrization of the elastic scattering electrorfunction of the square of the Dirac quantum numkeused

phase shiftf11], we achieve quite good agreement awayto label the phase shifts. We then replace the discrete values

from the peaks in the cross sections. Using this approximatef «* with the total angular momentum operag3rwhich we

DW treatment of Coulomb distortions for the inclusive subsequently replace by the orbital angular momentum op-

(e,e’) reaction is much more difficult numerically since the eratorL ? since the lowk terms where the difference between

direction of the outgoing nucleon has to be integrated ovei, andl is significant contribute very little to the cross section.

and all the nucleons in the nucleus have to be knocked outinally we replace the angular momentum operator squared

Therefore, we sought even more severe approximations iRy its classical valuer(x p)z_- The removal of any spin de-

order to obtain a simpled hocmethod of calculating the P€ndence apart from what is in the Dirac spingris crucial

structure functions ford,e’) reactions. In our earlier work, for writing the cross se_ctlon as the sum of a longitudinal and

we found it necessary to use differerd hocprocedures for & transverse contribution. , ,

the longitudinal and transverse terfri€], although our in- In2|t|ally [9] we fitted the phases, to a quadratic function

vestigation of thead hocprocedure for the longitudinal terms ©f «° which worked reasonably well for lower electron en-

was hindered by the fact that the longtitudinal contributionsErdies, but with the prospect of new higher energy electron

to the total cross section are usually considerably less thaficcelerators, we needed a fit to the phases that will work at

50% and thus we did not have great sensitivity to the couhigher energies. In addition, we wanted to avoid calculating

lomb corrections for the longitudinal structure function. In @ll of the elastic phase shifts, particularly the very high
this paper we will use a simple nonrelativistic toy model tovalues. We decided to make use of the fact that the higher
calculate the Coulomb corrections to the longitudinal strucPh@se shifts approach the point Coulomb phases which have
ture function with our approximate DW methods that we@ Simple analytical form at high energy. The lowphases,
applied to €,e’p) and then investigate thed hoctreatment c_:orrespongmg_to orbitals which penetrate the nucleus, are
of the longitudinal structure function which is a key ingredi- lIN€ar in «* which was the basis or our initial parametriza-
ent in investigating the Coulomb sum rule. After developingtion- The difficult phases to fit correspond 1o values of

an improvedad hocprocedure using our toy model we com- order pR which, from a classical point of view, correspond

pare it to the full DWBA calculation which we have now !0 scattering from the nuclear surface region and are known
extended to include positron induced reactions. to make large contributions to the cross section. We were

able to find a parametrization of the elastic scattering phases
shifts in terms of«? which has the correct large? behavior
and becomes linear ir? at low angular momentum, and
since we have the correct large behavior, we need only
calculate the exact scattering phase shiftsiforalues up to
Our approximate method of including the static Coulomborder pr. After some investigatiofll], we found that the
distortion in the electron wave functions is to write the wavefollowing parametrization of elastic scattering phase shift de-
functions in a plane-wave-like forfl0] scribes the exact phase shifts very well:

V(1) = L) F()r) ei“s(Lz)e‘Ae‘p/“)'fup, )

II. APPROXIMATE TREATMENT OF COULOMB
DISTORTION
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(pR)?

and S, andS; are the longitudinal and transverse structure
e L4I(PR)? functions which depend only on the momentum transfer
and the energy transfes. As is well known, by keeping the
w7 . momentum and energy transfers fixed while varying the elec-
— —(1—e PRI XIn(1+ «?), (3)  tron energyE and scattering anglé,, it is possible to extract
2 the two structure functions with two measurements. As we
will summarize below, our approximate treatment of Cou-
fomb distortions still permit Rosenbluth-like separations but
with Coulomb corrections which require the use of models.
For the inclusive cross sectiore,g’), the longitudinal
and transverse structure functions in H{) are bilinear

5(K): a0+ a2

wherep is the electron momentum and we take the nuclea
radius to be given br=1.2AY3—0.86/A3. We fit the two
constantsa, and a, to two of the elastic scattering phase
shifts[k=1 andx=Int(pR)+5]. To a very good approxi-

mation, ao=45(1) and a;=44[In{(pR)+5]+aZIn(2pR),  roqycts of the Fourier transform of the components of the
where Int@R_) replacesp_R b_y the Integer just less thapR. nuclear transition current density integrated over outgoing
Note that this parametrization only requires the value of the,,cjeon angles. Explicitly, the structure functions for knock-

exact scattering phase shift far=1 and x=Intl(pR)+5. 1 oyt nucleons from a shell with angular momentjnare
For this paper we have confirmed that this same parametrbiven by

zation works equally well for the positron phase shifts.
Using the new phase shift parametrization and the local
effective momentum approximation, we construct plane- S.(q,0)= >, LJ [No|%d €2, (6)
wave-like wave functions for the incoming and outgoing KbSp 2(2jp+1)
electrons. Since the only spinor dependence is in the Dirac

spinor all of the Dirac algebra goes through as usual and we _ Pp 5 5
end up with a Mder-like potential given by ST(q,w)—%p 22ip+ 1) (INJ*+INy[5dQp, (D)
AZPPIO DV ) 4me el (Bi{lrxp] (N12}+ o¢{lr<pg (D12 wh_erg the nucleon density of statp§=pEp/(27r)2, the z
# q°— w? axis is taken to be along, and u, ands, are thez compo-
_ o nents of the angular momentum of the bound and continuum
X elAimagld () ryy u;, (4)  state particles. The Fourier transfer of the nuclear current

JH#(r) is simply

where the phase shift parametrization is given in Bgwith
«? being replaced byr(x p)?, the parameteA is given fol-
lowing Eq. (2), and ther-dependent momentum transfer is N”:J’ J#(r)e'd Td%r ®
given byq'(r)=pj(r)—p;s(r).

With this approximate DW four potentidl,, it is straight-  and the continuity equation has been used to eliminate the
forward to calculate theg,e’p) cross sections and modified component Kl,) via the equatioN,= — (w/q)N,.
structure functions. We ShOWG[d.l] that using this new When we use our approximate/mlm’ potentia| given in
phase shiftsee Refs[9,10] for detail9 we can reproduce the Eq. (4), we also can separate the cross section into longitu-
full DWBA cross sections for §,e’p) from medium and  dinal and tranverse components since as noted previously, it

heavy nuclei very well. is the Dirac spinor structure that leads to this result. How-
ever, when we use the approximate electron four potential
I1l. APPLICATION TO THE INCLUSIVE PROCESS along with current conservation to eliminate theomponent

) ) of the current we run into a problem since the momentum
In the plane wave Born approximatidPWBA), where  ansferq’ depends om both in magnitude and direction. In

electrons or positrons are described as Dirac plane waves, t'&%dition, the phase factors dependroiTo avoid generating
: : : . >

cross section for inclusive quasielastie ') processes can qgitional terms we assume the directiongs{r) is along

be written simply as the asymptotic momentum transfgrwhich defines thez

axis, and neglect the dependenceroim the phases and in

d%o q 0. Q3 f ; . . )
— =gy, _ZSL(q,\,\,)Jr tanz—e——“z S(q,w) |, q'(r), when taking the divergence . With this ,further
dQedw q 2 2q approximation, current conservation implie®No+q’(r)-N
(5) =0. Using these results, the approximate cross section for

the inclusive reactiong,e’) can be written as
whereq’, = w?— g is the four-momentum transfary is the

Mott cross section given by d2e q* b, o
, d0.de M q—ZS{_(q,WH— tarf - — 2—:2 Sr(g,w)
( N )zco§§ 9
OM=—\|\a=| —,
MT2E and the transform of the transition nuclear current elements

0
- 4_
s which appears i, and Sy are given by
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’ 2
- —60° = ) [ E=485 MeV 6=60" “*Pb(e,.e.’
appro DW_ q,(r) q is{lrxp] (N1% e ey p-sr T y o
N [ e i i F — DWBA
0 — ) | — appro. DWBA - zggil‘mo(;c with <8(x%)>
qM q (r) [ - - ad—hoc with <6(x*)>,. k : v ad—hoc A=2M'w/q* -

++ ad=hoc A=2M'w/q*

x g Sl pf (Mgl (8i =80 gia (D1 3 (1) d3r 300

(10 225}

1.50F

3s,,, orbit

38y, orbit]

N@PPro DW_ J el Si{lrxp] (N7 gi 8l[rxpg (N1?)
0.75F7

X el(Bi=80eld' (T3 (r)d3r, (11) 0.00
2.0

15

Due to the angular dependence in the phase factors ir 2dye orbit] 2d. orbi]
Egs.(10) and(11), a multipole expansion of the approximate
potential is not practical. Thu{3P?® PWandN3PPe PWhaye

to be evaluated by carrying out a three- dlmensmnal numeri-
cal integration. As we have shown for the,é’'p) case[11],
this numerical integration reproduces the exact DWBA re-
sults very well. However, since the inclusive reactiene()
requires a sum over all occupied neutron and proton shells 1.5F o, 18us orBIY
and a further integration over the directions of the outgoing AN
nucleon, numerical integration is very time consuming. In
order to have a more practical procedure we examine addi o5}
tional approximations that will allow the integration over the 0.0 /
angular coordinates in Eq@.()) and (11) to be done analyti- ' 50 100 150 200 25050 100 150 200 250
cally. @ (MeV) @ {MeV)

We created such aad hocprocedure in a previous paper
[9], but we were comparing ouad hoc procedures to the
'?hX;i:aE])szSéeC?gﬁqlztl%nerﬁgcwiié%r%eclg di?erglr}g:eieby bound state .orbi.tals. The solid line is the approximatg DW result,

L ) ' . ... the dashed line is ouad hocresult and the dotted line is our pre-
longitudinal term were not very well determined. In addition, , -

vious LEMA’ approximation.

our full DWBA calculation was only set up for electrons, so
we could not check thad hocapproximation for positrons.
In order to address this matter, we created a simple to
model which assumes harmonic oscillator bound state pro-
tons and takes the outgoing continuum proton wr:lvefuncnorlr'sual
to be a plane wave. Using this simple model to calculate the In the following figures for the longitudinal parts of the
transition charge distributions allows us to calculate the lon- cross sections based on our.sm}ple model we W!” compare
gitudinal contribution to the cross section using the approxi- jour new recommended longitudinatl hocresult given in
mate DW expression faX, of Eq. (10) and to compare this Eq. (12) to the result calculated by the full three-dimensional
result to variousad hocproscriptions. Based on this investi- integration o,f Eq.(lo) anq to our previousd h.oc res-ults
gation, coupled with our previous investigation of the trans—caIIed LEMA" which we give below for convenience:
verse contributions which dominate the cross section at large

05 e, . 1

0.0
2.0

dza/de (nb/sr MeV)
o

18, orbit]

1.0

FIG. 1. Longitudinal contributions to the differential cross sec-
tions at a forward scattering angle f8¥Pb(e.. ,e’.) for different

removes the angular dependence in the phase factors, and
hus permits a multipole treatment of the matrix element as

electron scattering angles, we propose the followadghoc . [p{(0) _
expressions for the longitudinal and transverse structure NGEVA = | = f O go(r)d (14)
functions:
2 "n__ A" " ”n _ r ’ ’
q,,(r) , whereq”=p;(r) —p;(r), p"(r)=p—(\/r)[oV(r')dr’, and
N3 hOC—J ( ) ( a ) () + 3()) the factor\, which depends on the energy transter is
'(r) given by = (w/wg)? with we=g2/1.4M.

el (T3 (1), (12) Clearly N3¢ "¢ gng Njad hoe represent a modified Fourier
transform of the nuclear transition current. For comparison
p!(0) purposes, the approximation known as the EMA replaces
N$d hOC:('_) f eiq’(r)-rJT(r)dE»r, (13 g’ (r) with g'(0) wherever it appears in Eq§10) and (11)
[ for Ng andN+ and the phases are neglected as usual. We find
that for light nuclei the EMA is adequate, but it leads to large
Where<¢‘5(;<I ¢)) denotes an averzage 2ovzer the angles of theyrors for nuclei as heavy &9%Pb.
vectorr. Thatis («?¢)=((r X p; ()2 =r?p?(3—cog4, )4 In Fig. 1 we compare the two approximate calculations
Note that under this averaging, theterm goes to zero This with the DW approximation for the longitudinal contribution
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f E=310 MeV =143 ™Pb(e.es) | | E=310 MeV 6=143" ™Pb(e.e.) = 5 _Pb (e_e.)
I — appro. DWBA | — @ppro- DWPA . é
F - - ad—hoc with <&(«%)>.. p — - ad-hoc with fé(m,)>m “ 15} ]
F -+ ad—hoc A=2M'w/q 17
-+ ad—hoc A=2M'w/q* S
10 g 10 - E=310 MeV -
g b 35, orbit { | 3s.. orbit ;f A
— ad-hoe .
6 % 5f .. full DWBA 1
™ e PWBA
4 23 0 ) . )
3 50 100 150 200 250
£ w (MeV)
[
L O FIG. 3. The DWBA differential cross section féf%be_ ,e’)
wn N
> 4 at 310 MeV and scattering angte=143° compared to ouad hoc
£ 3 DWBA and to the plane wave result. The bound state and con-
& tinuum neutron and proton orbitals are solutions to relativistic Har-
3 2 tree potential based on thew model.
S
ko)
pad 0 IV. COMPARISON TO EXPERIMENT AND
S CONCLUSIONS
4
3 Based on our investigation of this simple toy model, we
adopt our newad hocmodel for the longitudinal structure
2 functions and return to our full nuclear model for investigat-
1 ing Coulomb corrections fof°®b (e,e’) in the quasielastic
0 4 region where the lepton can be electrons or positrons. Our
50 100 150 200 25050 100 150 200 250 first step is to reexamine our full DWBA calculati¢8] and

@ (MeV) @ (MeV) modify the code for the case of positrons. We were success-

FIG. 2. Longitudinal contributions to the differential cross sec- ful in doing this and can now compare the full DWBA cal-
tions for 2%Pb(e. ,e’) at a backward angle for different bound culation for electrons and positrons based on a realistic rela-
state orbitals. The solid line is the approximate DW result, thetivisitic nuclear model to ouad hoctreatment of Coulomb
dashed line is ouad hocDWBA result, and the dotted line is our corrections which still permit a separation into longitudinal
previous LEMA approximation. and transverse terms.

In Fig. 3 we compare the full DWBA calculation to tlael
hoc result and the electron plane wave res@WBA) for
electrons with incident energy & =310 MeV and scatter-
ing angle ofé=143°. Note that this comparison is only a test
of the ourad hoctransverse treatment which is unchanged

to the cross section for knocking protons out of various
shells at a forward angle iA°®Pb by electrons or positrons.
Note that while we use harmonic oscillator wave functions

for all orbitals, we do use the blnd|_ng energies of Fh_e c_)rb'talsfrom our previous work since the longitudinal contribution at
that corresgoond to the values we find for our relativistie>  g,ch 4 large angle is at the few percent level. The agreement
model for 2*Pb. While thead hocresult is not in perfect of the “plane-wave-like” ad hoc calculation with the full

agreement with the full DW result, it clearly is in better p\wBA result is quite good, even though the outgoing elec-
agreement that the LEMAresult and, for cases where the tron energy is well below 300 MeV.
electron incident and final energy exceed 300 MeV is in |n Fig. 4, we perform a similar comparison for the case of
reasonable agreement, particularly near the maxima. Notgositrons with incident energy & =485 MeV and scatter-
that the positron results are not very sensitive to which aping angle #=60°. Again, the agreement is quite good, and
proximation is used. unlike the backward angle scattering case, the longitudinal
In Fig. 2 we show similar results at a backward angle. Weresponse contributes about 40% of the cross section.
note that ourad hocDWBA results for positrons tend to be We have examined a number of other cases, and the
in much better agreement with the DW result than the elecagreement shown in Figs. 3 and 4 is characteristic at these
tron case. We again find that our ned hocapproximation energies. As the lepton energies increaseathbocapproxi-
for the longitudinal contribution is considerably better thanmation improves since the Coulomb distortion effects be-
our previous LEMA result. We note that while the agree- come smaller. We did notice in our investigations a general
ment between ouad hoccalculation and the DW calculation tendency that Coulomb distortion effects for positrons tend
for knocking out protons from individual orbitals is not ex- to be smaller than Coulomb distortion effects for electrons.
cellent, the discrepancies do not seem have a systematic tefhis corresponds to an observation made many years ago
dency to be either low or high and we have reason to hop&hen looking at inelastic lepton scattering from nugles],
that when all the orbitals are added together as in the case ofhere we noted that Coulomb distortion for positrons tends
(e,e’) reactions from nuclei that these discrepancies willto saturate. As electrons pass near the nucleus, the attactive
tend to average out. Coulomb interaction pulls them into regions of stronger po-
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“Pb (e,e,’) “Pb E.=224 MeV E, =262 MeV 6=143°
T T T T T

100

S @
o O

d’c /dw(, (nb/sr MeV)

40 E<485 MeV e
A=60° -
— ad—hoc DWBA %
b - full DWBA = i
=0 .. PWBA ~
= |  ____ ad-hoc DWBA e 224 MeV .5 ™)
50 100 150 200 250 1 ---. ad-hoc DWBA e* 262 MeV % 4
o (MeV) . full DWBA e 224 MeV N

______ full DWBA e" 262 MeV
. . . l . . BSaclay e 224 MeV
FIG. 4. The DWBA differential cross section féfPb(e, ,e’,) [ . o Saclay o' 262 MoV

1

at 485 MeV and scattering ange=60° compared to ouad hoc
DWBA and to the plane wave result. The bound state and con-
tinuum neutron and proton orbitals are solutions to relativistic Har-

tree potential based on thew model. FIG. 6. The total structure functioB, generated by dividing
the differential cross section by, for 2°%Pb(e.. ,e.) at a back-
tential which increases the Coulomb distortion effects, whileward scattering angle of 143° with electrons of energy 224 MeV
positrons are pushed away from the region with a strongesnd positrons with energy 262 MeV. The theoretical curves corre-
potential. spond to the full DWBA calculation and to owd hoc DWBA
With our capability of examining Coulomb distortion of calculation. The data were taken at Sadlay,18. The bound state
both positrons and leptons with the full DWBA calculation and continuum neutron and proton orbitals are solutions to relativ-
and with our improvedad hocprocedure we can compare istic Hartree potential based on thew model.
our model predictions to experiment. In Fig. 5, we compare

our model calculations with Coulomb distortion included eX-mately the same shape as a function of the energy tramsfer
actly and with ourad hocmethod for quasielastic scattering powever they do not have the same magnitude as do the
of electrons of energy 383 MeV and positrons of energy 42Qy,, from Saclay. The positron theory result is in reasonable

; o 20
MeV bOth ?tl?jstca;terlngsl aqgle;ize?\l zro?rw] tf_fPtzht_o the d agreement with the experimental data, but the electron result
experimental data from Sacla§7,18. Note that in this an is approximately 15—20 % larger than the data.

the following figure, we are plotting the total structure func- In Fig. 6 we make a similar comparison except that now

tion Siora= (d?0/dwd Q) oy (E;). : o o o
We first note that ouad hocand exact DWBA results are the scattering angle i9=143°, and the electron incident

in reasonable agreement although the lepton energy is somgeroy is _224 MeV whil_e the positron incident energy is 262
what low for our approximate result, and further that theMeV: Again, whenS, is plotted the positron and electron

positron and electron total structure functions have approxiShapes as a function of energy transiemre very similar,
but again, unlike the experimental data, the magnitudes are

quite different. At this backward scattering angle case, our

50 100
w (MeV)

“Pb E,.=383 MeV E,,=420 MeV 6=60"

0.6 electron resultDWBA) is in quite good agreement with the
______ data. At these much lower energies, clearly adrhocap-
) proximation is beginning to fail, particularly for the electron
04l ’;':.:-—'g ------ * i case.
Lo ' There is considerable interest in extracting the longitudi-
= & nal contributions from €,e’) reactions from medium and
5 ¢ y heavy nuclei in order to investigate the Coulomb sum rule.
k] ad-hoc DWBA e =383 MeV . .
% 02F T ad_hoo DWBA o'-420 MeV Clearly, Coulomb distortion effects have to be handled prop-
........ full DWBA e 383 MeV erly. Our results indicate that we could use a Rosenbluth-like
----- full DWBA e 420 Mev procedure in order to separate our “longitudinal” and “trans-
. Saclay e” 383 MeV 4 ” . . .
Saclay e 420 MeV verse” contributions to the cross section. However, these
0.0 o o y e e

: contributions depend on a modifigby Coulomb distortion
50 100 150 =00 Fourier transform of the transition charge and current distri-
w (MeV) butions. It is necessary to use a nuclear model to extract the
FIG. 5. The total structure functioS,, generated by dividing Iongitud_inal and/or tranverse structure fungtions from thg
the differential cross section hy,, for 2%Pb(e. ,e.) at a forward ~ data. Itis not clear to us that a Rosenbluth-like procedure is
scattering angle of 60° with electrons of energy 383 MeV and posth€ best way to proceed, since cagt hocprocedure is not

itrons with energy 420 MeV. The theoretical curves correspond t@@ccurate in the wings of the cross section distributions and in
the full DWBA calculation and to ouad hocDWBA calculation. ~ Mmany cases, some of the Rosenbluth points fall on either the

The data were taken at Sacly7,18. The bound state and con- 10W w or high » side of the quasielastic peak. It seems that
tinuum neutron and proton orbitals are solutions to relativistic Har-a better procedure might be to choose some semirealistic
tree potential based on the o model. nuclear model for the process in question. Use Et®.and
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(13) to calculate the structure functions and then fit the calhaving “measured” the nuclear longitudinal and transverse
culations to the available data using a least squares procedur@sponse.

to determine normalization factoly andN+ in front of the

appropriate terms. The nuclear model should have the overall ACKNOWLEDGMENTS

correct spatial and kinematic dependence, but the longitudi- This work was supported in part by the U.S. Department
nal or transverse strength will be determined by fitting thes&f Energy under Grant No. FG02-87ER40370 and the Ko-
normalization factors. Once these factors are determined, onean Ministry of Education through BK21 Physics Research
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