


t. INTRODUCTION !

.

Recently, the elastic scattering af bLi ioms by 20 nuclei
has been investigated in a series of experimental and theore-
tical works’1-%/ yhere the first interpretations have been gi-
ven on the basis of a phenomenalogical nucleus-nucleus inte-
raction potentiak. In refs. 1-37 the parameters for such poten—
tials have been determined by fits. to the cross sections of
6Li+12C elastic scattering in a wide energy range. The theoreti-—
cal analysis/4j/ has been performed in the framework of the
folding-model using density distributions of the nuclei Li
and '°C, which have been calculated in two microscopic ways -
in the shell-model’% and in the method of hyperspherical func-
tions’® . But the descriptioms of the experimental values given
by these approaches differ essentially from each other,

The aim of the present paper is the interpretation of the -
elastic scattering of ®Li by !2C at various energies of the
projectile where the nuclear part of the ioen—ion interaction
potential is chosen as folding-potential with finite-range forces
characterizing the nucleon-nucleon interaction 8’ The density
distributions of the nuclei emtering into. the calculation have
been obtained by the method of hyperspherical functions 7. This
calculational method is described briefly in Sec.2. Im Sec. 3
the results of the computations are discussed and compared with
those obtained by using zero-range forces for the NN-interac-
tion. Some conclusions are drawn in Sec.4.

Z. CALCULATIONAL METHOD . .

a) Nuclear Density Distribution in the Method
of Hyperspherical Functions

In this approach/7/ the wave function ¥ of a nucleus with

inass number A is expanded in -standard hyperspherical polyno-
minals [AK[f]¢LST > according to
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with the normalization condition f'¢2(p)p3A"ﬁp = 1, where the

collective variable p corresponds to ¥the hyperradius. The radial
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part of the wave function (1) is given by the eigenfunctions-

of the following operator equation
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with E being the eigenvalues. The matrix elements of the poten-
tial energy of the nucleon-nucleon interaction are denoted by

K{ f](LS’I(

the value of the argular momentum Ly is determi-
kltleLsT .

N 1 .
ned by the relation LK==K-+;;(3A 6)where K is the so-called

global momentum. The calculated eigenvectors XK(p) are connected
with the functions ¢K(p) according to xlép) p (3A- 4V2¢ p).
Finally, the radlal density distribution of nuclei Lakes the
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and the diagonal matrix elements of the density operator are
normalized as follows‘4n;fn”(or2dr =A.
11

b) Folding-Potential with Finite-Range Forces

In the foldlng—model the interaction potential of two colli-
ding fwclei Ay and Apis calculated as the value of an effecti-
ve nucleon-nucleon interaction averaged over the densities of
these nuclei
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UAiAz(R) = fpr1(r1)PA2(r2) Vo (ry+ R —rgDdrydry,, (4)
where the central part of the effective

of four terms
- - - A >
Vi = Voo (1) + Vo (ry ey +

being the spin operators.

NN-interaction consists
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In the case of\finite-range forces the nucleon-nucleon poten—
tial is chosen tb be of a Gaussian form allowing for a soft
core in the effective interaction at small distances’®’

r ? o -
Veff(r)\ - IE{, YKexp (—:-5 ) + dB/A)SG), = |t
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The second term of formula (6) simulates the inclusion of the
antisymmetrization effect due to the Pau11 pr1nc1p1e which
depends on the relation of the incident energy E to the mass
number A. In the same ref. the analytical expressions for thé

_corresponding folding-potential have been derived assuming

also a Gaussian form of the nuclear density distributions. Bedi-
des, the folding-potential (4) was constructed by using Skyrme
interaction with &-forces for the nucleon-nucleon %nteraction.

c) Cross Sections of Elastic Scattering
‘ —

The folding-potentials described above are employed as real
part of the optical potential in order to calculate cross sec—
tions for the elastic scattering of 6Li+12C, In the present pa-
per it is assumed that the forms of the real and imaginary part
of the potentlal are the same. Conqequently, one gets U (R)‘
= UAlA (R)U-+1B) with B being the only free parameter in’this

method.

3. RESULTS OF THE CALCULATION AND DISCUSSION -

-, a) In Sec.l it has been already remarked that the folding-
potential with finite-range forces is calculated by using an
analytical form of the nuclear density distributions according
to refs.’88

2 2 .

P(r)“ P%exp(-——) + C ___..exp(_. _..__); ‘

0 \ bO 2 b2 (7)

The pa rameters of formula (7) are summarized in table 1i: .

Table |
A pQ[fr\n-al . b [ fm] bl fm] c,
6 0.133 1.98 1.38 0.08
12 0.127 2.04 1.75 1.06
. R . 3
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They have been extracted from an approximation of the numerical
density distributions which haye been computed according to
egs. (2) and (3). It should be noted that the introduction of
several "oscillator frequencies" bg and by into the 'parametri-
-zation of the density distribution means in thé language of
the shell-model an effective allowanceé for mixing of conflgura—
tions from different shells. This leads to a more realistic
description of the density distributions in comparison with

the results of the harmonic oscillator model.

.b) In order to analyse the influence of the chosen variant
of the nucleon-nucleon interaction on the calculated cross
sections for the %Li +12C elastic scattering zero-range forces
according to Skyrme 9/ and finite-range forces proposed by
Satchler and Love /4 have been employed. The results obtained
by the various methods have been compared with each other and
with experimental data.

Flgure 1 shows the cross sections for the elastic scattering
of ®Li by 2C at the incident energy ELf-QO MeV. The dashed
line refers to. the calculation with Skyrrme forces (B8-=0.9), the
solid curve represents the result given by the use of finite-
range forces (B=0.7). At last, there is demonstrated the
angilar distribution which follows from a semiphenomenological
computation. The corresponding dash-dotted line shows the cross
sections calculated so that a Woods—Saxon potential has been
chosen as imaginary part of the optical potential, while the
real one is the same as in the first case (comp. dashed line).
That means that three free parameters enter into this computa-
tion. They are given together with the parameters of the nuc-
leon—nucleon interaction by table 2. I

s Table 2

v

Parameters

N

Interaction type

Skyrme tg= ~1057.3 MeV fm~3t,=14463.5 MeV fm >
Satchler/Love V, = 601.99 MeV Vo=2256.4 MeV
a, = 0.8 fm a,= 0.5 fm
’ d = ~276(1-0.005 E/A)
Woods—Saxon
(imaginary part) W=~45 MeV e 0.89 fm a,= 0.8 fm

In geheral, the results of the three calculations utilizing
various forms of the optical potential describe the measured
data satisfactorily up to 40°, and the difference between them
is small. At large angles the theoretical angular distribution
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Fig.1. Angular distribution

of the elastic scatiering of

834 120 at E,. = 90 MeV in
compartson. Wi th emperimental. .
data. The meaning of the va-—
rious lines is explained in

the text.
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computed on the basis of zero-range forces underestimates the
experimental values, while the curve calculated by the use of
finite-range '‘forces 1lies higher than the experimental one. In
that angular range from 70° to 120° the semiphenomenological cal-
culation leads to the best reproduction of the measured cross
sections in comparlson with the other results. ~

Figure 2 gives the elastic cross sections at various ener-—
gies of the projectile, in particular Ei; = 30.6, 90, 99,

156 MeV. The points represent the experimental data, the theo-
retical results calculated by employing finite-range forces/%’
are demonstrated by solid lines. '

It is seen that it is possible to reproduce the angular
distributions of elastic scatfering in this system at higher
incident ‘energies in qualitative agreement with experiment by
choosing the parameter f equal to 0.7. To get at least a rough
description of the cross sections at E = 30.6 MeV it is neces-
sary to enlarge the value of B up to 0.9. But also in this case
the. reproduction of the measured curve is not satisfactory.That
is why a renormalization factor @ has been introduced for the re-
al part of the optical potential too. The use of the optical po-—-
tential .in the form U, (R) [UN (R)(a-flﬁ) allows the inter-

pretation of the experlmental data in the angular range up to 50°

‘where the parameters a and 8 take the value 0.6. However, the.

theoretical cross sections computed in this way slope very ra-
pidly at large scattering angles, while the curve corresponding
to a =1 increases, which is in better accordance with the
tendency of the measured data.
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12¢ Fig.2. Angular distribution of

Liet the elastic scattering of .
ELi = 156MeV 6[.,i+120 at the incident ener- . ]/
- gtes E .= 30.6, 90, 99, ; . .
, 156 MeV. The points are the .
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cross sections of the elastic The Joint Institute for Nuclear Research begins publi-
;o scattering in the system "Li+'"C shing a collection of papers entitled JINR Rapid Communi-
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