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Dispersive contribution to Li+ ' C, ' Ni real potential
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The dispersive contribution to the real part of the optical potential arising due to the energy
dependence of the imaginary part of the potential has been estimated for Li+ ' C, "Ni systems.

The anomalous increase of the heavy-ion real potential
observed at barrier energies has been explained' in terms
of the dispersion relation approach, which connects the
imaginary and the real parts of the potential. This has
been successful in explaining the data for a number of
projectiles like nucleons (Refs. 2 and 4), He (Refs. 2 and
3), ' 0 (Refs. 1 and 2), and S (Refs. 2 and 5). For weak-
ly bound projectiles like Li, Sakuragi has shown that
the coupling to breakup channels gives rise to a repulsive
contribution to the real part of the optical potential and
this dynamical polarization potential cancels approxi-
mately 40% of the attractive real folding potential. It is
of interest to know whether or not the dispersive contri-
bution is significant for a weakly bound projectile like
Li. With this aim, in the present work, the energy-

dependent contribution to the real potential that arises
from the imaginary potential through the dispersion rela-
tion has been estimated for Li+' C, Ni systems. Un-
like the typical heavy ions for which the potential is
mainly sensitive to the energy-independent strong absorp-
tion radius, for Li like the light ions the radial region of
sensitivity changes with the bombarding energy. It is for
this reason several groups have gone on to use the
volume integrals for describing Li+nucleus interaction.
They have shown that the volume integrals are well
behaved quantities with respect to E and A variations.
Gupta et al. have shown that the volume integrals for
projectiles with A = 1 —6 can be successfully explained in
terms of a simple unified parametrization. In view of
this, for the present analysis we have computed the
volume integral per projectile-target pair of the imagi-
nary part of the potential (JI) at several energies starting
with the individual best fit optical parameters available at
every energy for both the targets. ' It is found that at
lower energies even though the real potential changes
considerably due to discrete ambiguity problems, the
imaginary part is rather well constrained. For example,
at E =36 MeV for the Li+' C system, the real volume
integrals (Jz ) determined are 298, 391, and 531 MeV fm
while the corresponding JI values are 93, 86, and 103
MeV fm, respectively. In Figs. 1(a) and 2(a), the average
values of the volume integrals of the imaginary part (JI)
are plotted as a function of Li energy for Li+' C and
Li+ Ni systems, respectively. In both cases it is ob-

served that the JI values increase steeply at lower ener-
gies. While in the case of the Li+' C system, the JI
values are nearly the same for energies between 100 and

210 MeV, in the case of the Li+ Ni system the JI
values increase by about 20% over the same energy re-
gion. The increase in JI values at higher energies is rath-
er small as compared to the steep increase observed at
lower energies. Hence in the present work it has been as-
sumed that the JI values for all energies above 210 MeV
have the same values as found at 210 MeV. The E values
at which JI values become zero have been obtained by
smooth extrapolation of JI for E less than 50 MeV. In
the case of the Li+' C system the E dependence of JI
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FIG. 1. The volume integrals (Jz and Ji) for the Li+' C
system. The empirical values of JI and JR are represented as
squares. The Jz values are joined by straight lines (a). The com-
puted Jz values are plotted in (b). (See text for details. )
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reported in the present work starting from individual best
parameters is consistent with the result of an independent
global analysis of the data for this system carried out in
the E range 4—63 MeV. ' As mentioned before, Gupta
et al. have already explained the E dependence of JI for
all the light ions with A =1—6 in a simple unified
prescription. While the phenomenological analyses have
clearly indicated E dependence for JI, the microscopic
folding model analyses have yielded mixed results. While
Gomez-Camacho et a/. " have explained the elastic
scattering data for Li+ Ni system in the E range
12-74 MeV using E-independent folding potential for
both the real and the imaginary parts, Satchler and
Love, ' in carrying out an analysis of the Li+ Ca sys-
tern, using folding model for the real part and phenome-
nological prescription for the imaginary part, find the JI
values to be E dependent. In the present work we are
mainly concerned with the phenomenological results.

The dispersion relation in the so-called subtracted form
links the real and the imaginary potentials through the
relation

p JI(E')
S

where E, is a convenient reference energy and P is the
principal value of the integral

Jzv, z (E)=Jsv(E) Jsv(

Basically there are two contributions to the energy
dependence of the potential: One is intrinsic in nature
and the other is "spurious" arising due to the nonlocality
effect. The dispersion relation of interest is mainly con-
cerned with the intrinsic energy dependence of the poten-
tial. If we can neglect the nonlocality effect, which may
be a reasonable assumption to make for a projectile like
Li, we can proceed to make estimates of the dispersive

contribution for Li+ ' C, Ni systems. To estimate the
dispersive contribution to the real part, we have
represented JI by several linear segments with the com-
puted JI values for the vertices. The contribution due to
each segment at a given E is given as

n Jzv (E}=[Jz(E~ ) Jl(E; )—](e;lnl &; I ejlnl &—
~ I ),

where E &E; and JI values are taken to be positive.
Further,

e, =(E E; )l(E—E; ), —

e =(E E)/(E —E;) . —
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It can be easily seen from the relation (3) that if JI is con-
stant as a function of E, then there can be no dispersive
contribution from this part of the energy range. As men-
tioned earlier, as we have taken Jz to be a constant for E
above 210 MeV, the dispersive contribution to the real
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FIG. 2. The volume integrals (Jz and JI) for the I.i+ Ni
system. The empirical values of JI and Jz are represented as
squares. The JI values are joined by straight lines (a). The com-
puted JR values are plotted in (b). (See text for details. )
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FIG. 3. The normalization value (X) plotted as a function of
E for the systems Li+ ' C, "Ni. (See text for details. )
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part is zero for all energies beyond 210 MeV. The total
J~zz~(E) is obtained by summing the contributions over
all the segments. Finally the effective contribution to the
real part is obtained using the relation (2). We have tak-
en E =210 MeV as the reference energy because at this
E the real potential is more uniquely determined. The J&
values are —298 and —254 MeV fm at this E for ' C and

Ni, respectively. The dispersive contributions at other
E values evaluated using Eq. (2) are added to the Ja value
determined at E =210 MeV and are plotted in Figs. 1(b)
and 2(b). It is found that the values of J~ are 30—40%
higher at the lowest energies as compared to the ones at
the highest energy. We have also plotted at the corre-
sponding E values the J„values determined from the op-
tical model analysis just to indicate that the Jz values are
scattered mainly due to the discrete ambiguity problem at
lower energies.

It may be recalled that in the case of Li, the folding
model real potential' had to be reduced by about
30—40% in order to make the calculations fit the elastic
scattering data. As mentioned earlier, this reduction in
the normalization value (N) has been mainly ascribed to
the breakup effect of the projectile, which is supposed to
add a repulsive contribution to the real part. As both
the strength and the shape of the folding potential do not

depend on E, we can define Jz (obtained from phenome-
nological analysis)=JF (obtained from folding model)
XN. We have normalized the Jz values (obtained using
the dispersion relation) to the known N values at E = 156
MeV and converted the J„plot to N vs E plot. It has
been found' that the N values are 0.79 and 0.65 (interpo-
lated between Ca and Zr), respectively, for ' C and
~sNi at E =156. By normalizing the Jz values [Figs. 1(b)
and 2(b)] to these N values at E =156 MeV, we obtained
the N values at other energies. In Fig. 3 we have plotted
the N values as a function of E for both ' C and Ni. It
is found that the N values increase as E is lowered and
reach maximum values of 1 and 0.8 in the case of ' C and

Ni, respectively.
In conclusion, we have calculated the dispersive contri-

butions to the real part of Li+' C, Ni systems using
the dispersion relation that connects the real and the
imaginary parts. We have found that at lower energies,
due to the attractive component arising due to the disper-
sion relation, the Jz values are 30—40% higher as com-
pared to their values at the highest energy of 210 MeV.

This work was done when the author was visiting the
Nuclear Physics Laboratory (NPL), University of
Washington, whom he thanks for their kind hospitality.
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