


1., INTRODUCTION

The scattering of high—energy electrons from nuclei is a
powerful tool in the investigation of the nuclear structure.

The interaction of electrons with the nuclear charge and current
densities is well known, it is relatively weak and it gives a
possibility of obtaining a more direct and reliable nuclear in-
formation. An additional advantage of the electron experiments
is, that the three momentum transfer to the nucleus § and the
energy loss of the electron w can be considered as variables
with the only requirement: q® =qd%_-w%>0.

It is shown in 12/ that if one detects only the final elect-
ron, then any electrodynamic processes associated with the
one-photon exchange between the nucleus and the electron can
be described by means of only two form factors W; g(q “w). The
quasielastic electron scattering is a process of this type
and has been first considered in /2%, Czyz and Gottfried pointed
out 8/ that the high energy-loss tail of the quasielastic peak
contains information on the short-range nucleon-nucleon correla-
ticns.

The main characteristic of the quasielastic scattering is
that electrons scatter on individual nucleons ejected after-
wards from the nucleus. This picture is simply incorporated by
Moniz/®/ in the Fermi-gas model, where the electron scatters
elastically on a single nucleon in the Fermi sea, the recoiling
nucleon lying outside the Fermi sphere because of the exclusion
principle. The model of Moniz has been successfully applied to
the quasielastic electron scattering on a wide range of nuclei,
at various energies and angles/wg/. It has been possible to
extract from these analyses the values of the parameters: the
Fermi momenta (Kp) and the average separation energies (¢)

(or the effective mass M*). The general behaviour of the
quasielastic region is reproduced well, but however, there is
a systematic underestimation of the observed cross sections at
very large and small energy loss . Furthermore, the data of
high-energy electron scattering from 8liand 12C (E>2 GeV) can-
not be reproduced by this model 719/,

More sophisticated approaches, in which the nucleon-nucleon
interaction was included, have been developed (see, for example,
Refs, /11.12/),

One of the most significant experimental results obtained
recently was the separation of the longitudinal and transverse
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response functions in the quasielastic electron scattering/13J4{

It was demonstrated /!3:15/ that the calculated transverse res-
ponse function is in a qualitatively good agreement with the
experimental one, while the calculated longitudinal response
function exceeds the experimental curve by about a factor of
2. It means that the standard Fermi-gas model fails to explain
the data.

Noble assumed, that the effect of nuclear matter on nucleon
structure increases the nucleon charge radius and quenches
the anomalous magnetic moments, and on this basis, some rela-
tivistic Fermi-gas calculations have been carried out /1%, As
a result a good fit for the longitudinal response function and
a qualitatively good agreement for the transverse response func-
tion in the region of small energy loss has been achieved.

It was shown in 718,17/ that the meson exchange current gives
small contributions in the case of the longitudinal response
function. These contributions get larger in the case of the
transverse one.

Celenza et al. adopted the point of view, that the
behaviour of the longitudinal response function can be explained
if one assumes that an amount of the longitudinal strength is
to be found at high energies and that the depletion of strength
at the lower energies is a measure of the reduction of the
shell-model orbital occupation probability due to short-range
correlations.

The purpose of the present paper is to propose a new apporoach
to the study of the quasielastic electron scattering from nuc-—
lei., It is based on the coherent fluctuation model (CFM), which
has been recently developed/lgﬂo/. The essential idea underlying
the model is to represent the density distribution by a super-
position of spherical distributions of nucleons confined in
a sphere with a given radius. The weighting factor of these
spherical distributions is expressed in terms of the local nuc-
leon density distribution p(). In this picture definite nucleon-
nucleon correlations with a collective nature are effectively
taken into account. The mixed density matrix p(,T") satisfies
the condition p24£ p.

CFM has been applied to the description of the nucleon momen-
tum distribution in nuclei 71921/ and of various processes of
particle-nuclei interaction’/22/. The spectral functions of hole
nuclear states and some quantities related to them (such as
single-particle widths, centroid energies, quasiparticle effec-
tive mass, etc.) have also successfully described in the fra-
mework of CFM’/23/,

In this paper we investigate the influence of the nucleon-
nucleon correlations (which are effectively taken into account
in CFM) on the quasielastic electron cross section and the
response functions.
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In Sect.2 we summarize the method we use for calculations of
quantities related to the quasielastic electron scattering. In
Sect.3 we present the results of our calculations and compare
them with the experimental data and other approaches. The dis-
cussion of the results is given in the same section.

2. QUASTELASTIC ELECTRON SCATTERING

1. The quasielastic electron scattering cross section in the
one-photon exchange approximation is usually written in the
form:

a% z?
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where Mqyis the target (nuclear) mass, Z is the nuclear charge,
¢ is the three momentum transfer to the nucleus in the lab.
frame, o= E , -E, is the electron energy loss, the Mott cross
section is given by

a? cos 2.20_
aM = ’ (2)
M’d’inin‘ ..g_

and El(Eg) is the initial (final) electron energy. .
The longitudinal and transverse resonse functions are defined

by
R, (4%, ) . z? .§.2_[-w (q? m)+:q—g-w @z, o), (3)
Lt e Mp g2 1 qz ' *
2 z* +2
RT@ » @)= —2W, (5, w). 4)
Mp

The expressions for the nuclear form factors W, and W, in the
Fermi-gas model are given in’®/, o

2..Having in mind the application of CFM to the description
of the quasielastic electron scattering from nuclei we genera-
lize the form factors W, and W, from’®/ by the following su-
perpositions: .

W(3%e) = [ axit@ 2w, (3% o, 0, )
0
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WZ(‘-{ ’(JJ) = r dx|f(x)|2W2(!-1' ,w,x). (6)
0

The form factors wi(ﬁg,w,x)(i = 1,2) have the form of Eq. (10)
in /6/, in which the momentum distribution Ok p~k) is replaced

by 6 F}x) ~k). Here kg(x) is the Fermi-momentum of the flucton
in CFM 7207,

2
kp@® = Fopg ' 5 @ = 34/amx %, )

The weight function- [f(x) 12 of CFM can be expressed by the local

density distribution p(r)/19'2°/:
2 1 dp (®
1) |2 = - PO, . ®
po® dr X

3. RESULTS OF THE CALCULATIONS. DISCUSSION

The cross sections of the quasielastic electron scattering
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"dipole fit" was used for the nucleon form factors:
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where
2

; q .o
Gg =Fy - 25 Fpi Gy=Fy +2MFy . (10)

The weight function |f(x)|2 was calculated from (8) using the
symmetrized Fermi-type distribution’/#4/,

r-R,"1 -r-R,71 )
psp (O =pgl1 + exp 5 ) +(1 + exp 5 Yy =11;

(11)
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Fig.3. Cross section of quasi-
elastic scattering of 500 MeV
electrons at 60° from %%ca,
The duited ilue aud the swalli—
amplitude dashed line are

the s -wave n —-production and
the isobar excitation contri-

Fig.1l., Cross section of quasi-
elastic scattering of 500 MeV
electrons at 60° from ®Li. The
solid line is the result of the
present calculations. The dashed
line represents the result of
the Fermi-gas calculations /6-8/,
The experimental data were ta-
ken from

‘I{%g.Z. The same as in Fig.l for

C. /T?/e experimental data are

from

\

z&o 350 EI(M‘eV)

butions respectively; the large—amplitude dashed line is the

total result in the Fermi-gas model /8/, The solid line is the
result of the present calculations in CFM to which the # -pro-
duction and isobar excitation contributions from the Fermi-gas

model /8 have been added.
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Fig.5. The same as in Fig.l
for 208Pb, The experimental da-
ta are from’7.
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Fig.6. Cross section of quasi-
elastic scattering of

148,5 MeV electrons at 135°
from '2C. The solid curves a)
and b) are the results of the
present calculations with
M*=M and M*=M/1,4 respec~
tively. The dot-small amplitu-
de dashed curve and the dot-
large amplitude dashed curve
are the Fermi-gas results with
M*=M and M*=M/14 res-
pectively /8/ The dashed line
is for harmonic oscillator mo-
mentum distribution from 8/

Fig.8. lhe Longit_\.minax respon-—
se function Ry (4 w)for ine-
lastic electron scattering from
12C, The solid curves a) and
b) are the results of the pre-
sent calculations with M*=M
and M*=M/1,4 respectively

(¢ = 25 MeV). The dashed curve
i{s the result from’1® The ex-
perimental data were taken
from 714/, The 4-momentum trans-—
fer square 2= (400 MeV/c)®.

a3 [X] 11 13 W(GeV)
Fig.7. Cross section of 2 GeV
electron scattering at 15°
versus the invariant mass W
for 12C. The solid line is the
result of the present calcula-
tions. The dot-dashed curve

is the Fermi-gas result

with parameters kyp= 221 (MeV/c)
and ¢ = 30 MeV. The experimen-
tal data and the dashed

curve are from /887
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The parameters R and b have been obtained from the best fit to

the elastic electron scattering experimental data /2,
Following a convenient prescription given by Moniz /%, we

use an average separation energy 7 and a nucleon effective mass

M* (only in the case of K <2).

kg (x)

The results of the calculations have been compared with the
experimental data for quasielastic electron scattering and with
other approaches and are presented on Figs. 1-7.
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The calculations for the response functions RL('dz.w) and
RT(dg.m) are presented in/ll"si/gs.8—9 and are compared with the
results of Celenza et al. and with the experimental data.

Our calculations for the quasielastic cross sections were
carried out with the parameters M*=M/1,4 and ¢, the optimal
fit for the latter_is given in the Table.

The values of ¢ for various nuclei are in agreement with the
conclusion stated in/1l/ namely that ¢ =30 MeV is fairly con—
stant across the nuclear table except for the light nuclei.

Here we would like to emphasize the fact that the values of
¢ given in the Table are in good agreement with the ones oD~
tained from the relation’1%:

T@) = @2emE)Eomx - g B/am, (gl > 2k ) (12)

for M*=MW14 and for different values of ¢, which are charac-
teristic for a given experiment. In this way the number of the
free parameters is actually reduced to one parameter only, na-
mely the effective mass M*.
It was shown in/11 that the value of M* =M/1,4 is, in fact,
an average over the nucleus of the local effective mass M*(@®
in the nuclear field approach /26,21
The function M*(X)/M (where the various k are the momenta
attached to the hole nuclear states) can be determined in
CFM /28
a/k 2
: = , a E(-E"A) . 13)
L L.
g ) xjt@ | 2M
This function' is shown in Fig.10 for 40cy and %8Ni. We note,
that here the value of M* =M/1,4 can be considered also as
an average value of the function M*().




_ Table
Values of the parameter ¢

Nuclei| E1 9 c Nuclei E; 0 .
(MeV) (deg) (MeV) (MeV) (deg) (MeV)
8Li | 500 60 20 40ca 500 60 28
148,5 135 0 58,7Ni 500 60 30
{ 500 60 25 208pp 500 60 30
2c
2000 15 30

In order to investigate the influence of the possible fluc-
ton size dependence of the effective mass M* on the cross sec-
tion and response functions we performed methodical calcula-
tions for all cases of interest. The following dependence of the
function M*(x)/M on x was chosen:

0.428 x < x4 ~-A

(14)
M 0£m(x—xw+lﬂA, Xg-A<x<x5+A
M v

L 1 2 2x5 +4

where X, is the value of the argument, at which the function
1f(x) | has a maximum, 2A is the region of x, in which the
weight function |f(x)|? essentially differs from zero (2A=3 fm).
We note that the results differ insignificantly from the ones
obtained using the average value M*=M*(x,) =M/1.4.

The comparison of the cross sections calculated in the fra-
mework of CFM with the experimental data shows a better agree-
ment, than those calculated in the Fermi-gas model (Figs.1-5,7)
for large and small energy loss o (or invariant mass W ) and
small and large Ez,respectively. We have added the s-wave
7 -production and the isobar excitation contributions calculated
in/8/ to our calculations of the quasielastic electron scat-
tering cross section in the case of 00y (cf. Fig.3). It is
seen that the total result (solid line) describes much better
the enhancement of the cross section at small E,, than the
Fermi-gas model calculations (large—amplitude dashed curve).

The improvement of the agreement with the experimental data,
and especially the enhancement of the cross section in the re-
gion of large w in comparison with the Fermi-gas model calcula-
tions can be considered as a result of short-range correlations
effectively taken into account in CFM.

D 4 ¢ @ 4 «#') Fig.10, Effective mass M*(k) in
CFM (cf. Eq. (13)).

The calculations for the longi-
tudinal and transverse response
functions Ry and Ry for 12C
(Figs. 8 and 9) with M*=M (curves
o a/) show the well-known picture

of the impulse approximation: a qua-
litative agreement for the transverse response function Ry and
larger values than the experimental data for the longitudinal
response function R;.The calculations with M*= M/1.4 (curves
b/) show the improvement of the agreement for Ry and a disagree-
ment for Rq.

The CFM results for the longitudinal and transverse response
functions at M*=M/1.4 (curves b/) are close to those obtained
in the modified impulse approximation in which the decrea-
se of Ry at lower energies is related to the reduction of the
shell-model orbital occupation probability, due to short-range
correlations.

M)/ m
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