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Double-folding model potentials for 'Li elastic scattering at 99 MeV

D. P. Stanley and F. Petrovich
Department ofPhysics, Florida State University, Tallahassee, Florida 32306

P. Schwandt
Indiana University Cyclotron Facility, Bloomington, Indiana 47401

(Received 7 April 1980)

Double-folding model potentials generated from a realistic nucleon-nucleon interaction and densities that are
consistent with electron scattering are used to generate angular distributions for 'Li elastic scattering at 99 MeV.
When used to calculate observed angular distributions it is found that the double-folding model potential is

roughly twice the potential required to generate a fit to the data, This is consistent with observations at both
lower and higher 6Li energies.

NUCLEAR REACTIONS 12C 28Si 40Ca 58Nj, 80ZI, 208Pb(6Li 6Lj), g = 99 MeV'
calculated 0 (6) with double-folding model potentials.

Optical model potentials generated by double
folding a realistic G matrix interaction with pro-
jectile and target density distributions have been
generally successful in reproducing elastic scat-
tering angular distributions for light heavy ions."
For projectile energies in the range from a few
to tens of MeV per nucleon, the only projectiles
whose scattering have been found not to be repro-
duced are Be and Li. Elastic scattering of "Li
from sever al targets has been analyzed at -35 MeV
(Refs. 1 and 2) and at 152 MeV. ' At both energies
the potential generated by the double-folding mod-
el was found to be too strong to reproduce the da-
ta. If, however, the double-folding model potential
was multiplied by approximately one half, the data
could be reproduced. Here we apply the double-
folding model to data for elastic scattering of 'Li
at 99 MeV from seven targets.

Double-folding model potentials were obtained
by evaluating

v((() =f s ~ a ~.o(~,)o(~)z(l , ,+R, ~l)~
using standard momentum-space techniques. ' The
nucleon-nucleon interaction g(~r~ —r, + H~) was
taken to be the Beid-even, Elliott-odd central com-
ponents of the Q matrix of Bertsch gt a/. ' modified
to account for single-nucleon knockout exchange. '
The Bertsch et al. G-matrix interaction includes
a spin-orbit term which leads to a nucleus-nucleus
spin-orbit potential'; however, none of the systems
considered here were found to be sensitive to in-
cluding this term except "C. With the exception of
"C, which is discussed separately, only the central
terms have been included in the calculations. The
"Li point matter density p~(z~) was taken to be the

which has been constructed from a phenomenologi-
cal electron scattering proton charge distribution"
with the assumption that the 'Li proton and neutron
densities are equal since N=Z. This density dis-
tribution has (~) = 5.73 fm'. Proton parts of the
target densities were taken from electron scatter-
ing. " The neutron parts of the target densities
were obtained by assuming a neutron skin as pre-
dicted by the droplet model. " The target density
parameters are given in Table I. The proton size"
was deconvoluted from the target densities during
the evaluation of the integral in Eq. (1).

Imaginary optical potentials were assumed to
have the same shape as the real potentials. The
quality of agreement with the data was not im-
proved by allowing a different imaginary potential
shape for any of the systems considered with the
exception of "C. Elastic scattering angular dis-
tributions were generated from optical potentials
given by

U'~'(R) = (N~+ iN~) U(R), (3)

where U(R) is given by Eq. (1) and N~ and N, were
varied until the data were reproduced.

The angular distributions which best reproduce
the data are shown in Fig. 1. The values of ~„
and &~ used to obtain these angular distributions
are given in the last two columns in Table I. The
values of &~ given in the table are consistent with
those found at other scattering energies. ' ' At-

form given by Bray et al. '

p (~ ) 0 203' —(0.575r)

+ [-0.0131+0.0087(0.398r ) 'Je

(2)
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TABLE I. Target densities and optical potential normalization factors for Li elastic scat-
tering calculations. The densities have the form p&(r, ) =p&/(1+e(" &~~') +p„/(1+g(" ~~~ ).

Target pp(fm ) cp(fm) (y )p(fm )
' p„(fm ) c„(fm) ( )„(fm )

' a(fm) Ng Ng

28S1

4oCa
5 Ni
80Zr
208Pb

0.0964 2.94
0 ~ 0876 3.52
0.0798 4.14
0.0751 4.83
0.0631 6.62

9.00
11.2
14.0
17.6
29.9

0.0971 2.93
0.0884 3.51
0.0839 4.17
0.0870 4.97
0.0853 6.92

8.97
11.1
14.1
18.3
32.3

0.569
0.563
0.561
0.550
0.550

0.554
0.576
0.532
0.509
0.527

0.623
0.661
0.543
0.567
0.548

' The values of (r2) listed are after deoonvolution of proton size from density distributions
given.

Normalization factors for optical potentials defined by Eq. (3).

IO

Io0-

-I
Io

Io

—
I

Io

0
Io

Qey
0

IO—

( Li, Li), 99 MeV

DOUBLE —FOLDED POTENTIAL

WITH .REALISTIC G MATRIX

tempts to reproduce the angular distributions with
real normalizations different from those given in
the table indicated that when N~ was varied by
more than -15%, the quality of agreement with the
data rapidly degenerated even if the imaginary po-
tential was allowed to have a shape different from
the real potential.

We discuss 'Li+ "C scattering separately from
the other systems because this system is slightly
dependent upon including a spin-orbit potential and
the imaginary potential must be different in shape
from the real potential if the data are to be repro-
duced. The "C density was assumed to have equal
neutron and proton parts. The proton density was
taken from electron scattering" and assumed
equal to the neutron density. Specifically the mat-
ter density has the form

p, (r, ) = 0.173(1.0+ 0.375r')e ' '"", (4)
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which has (r$ = 5.39 fm' after deconvolution of the
proton size." The real potential was generated in
the same manner as for other targets. To allow a
different shape for the imaginary potential, Eq. (1)
was evaluated with g replaced by

G s-mlirq-r +Ri

A(le -r, +Rl) = (5)
ml lrp —&q+Rl

The resulting potential U, (R, G„m,) was then used
for the: imaginary potential. That is, Eq. (3) was
replaced by

U' (Rv) = N„U(R) —i U~(R, Gl, mg) .

-4
IO

IO
0

I

IO

I

20
I I

30 40

(deg)

50 60 7Q

FIG. 1. Double-folding model fits to the experimental
data for elastic scattering of 6Li from several targets
at 99 MeV. The solid lines were calculated from poten-
tials of the form of Eq. (3) with the normalization con-
stants given in Table I. The data are from Ref. 4.

The parameters N~, Q„and &pe, were then varied
until the data could be reproduced. This result is
shown by the solid line in Fig. 2. The parameters
have the values N~ = 0.636, Ql = 6.98 MeV, and pgl

=0.8 fm '.
A double-folding model spin-orbit potential cal-

culated from the interaction of Bertsch et al. ' was
found to give a good description of analyzing pow-
ers for 'Li scattering. ' The construction of the
spin-orbit potential for Lj.+ C is fully discussed
in Ref. 8. When the spin-orbit term is added to
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FIG. 2. Double-folding model fit to the experimental
data for e].astic scattering of Li from C at 99 MeV.
The spin-orbit potential of Ref. 8 has been neglected in
obtaining the solid curve and included in obtaining the
dashed curve. Again the data are from Ref. 4.

the central optical potential for 'Li+ "C deter-
mined above, there is a noticeable effect upon the
angular distribution. Because of this an additional
search has been performed including this spin-or-
bit potential. The result is shown by the dashed
line in Fig. 2. The parameters obtained were N~
=0.626, +1=6.9S MeV, and~1=0. 8 fm '. These
are almost the same values obtained without the

spin-orbit potential.
With these results, Li elastic scattering over

the range from a few to a few tens of MeV per nu-
cleon has been fairly completely investigated with
double-folding model potentials. At all energies
the double-folding model overpredicts the real part
of the optical potential needed to reproduce the ob-
served angular distribution by approximately a
factor of 2. In these calculations the disagreement
between the double-folding model and what is re-
quired to reproduce experiment, which is mea-
sured by the deviation of the value of N„ from uni-
ty, does not appear to have any obvious energy de-
pendence. The target densities used here along
with the interaction of Bertsch gf, gl. ' have been
able to reproduce elastic scattering of other light
heavy ion projectiles with Jf~= l."The reason
that I.i scattering is anomalous in the double-fold-
ing model is still outstanding; however, a recent
low energy study" of 'I,i elastic scattering suggests
that it may be due to the fact that the cross sec-
tions are more sensitive to the optical potential
interior than other systems. The assumptions
made in the double-folding model are not valid in
the interior region. " It would be interesting to ex-
tend the study of Ref. 13 to the higher energy data
of the present work and that of Ref. 3.
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