
PHYSICAL REVIEW C 78, 067601 (2008)

Polarization potential for elastic scattering of 6,7Li + 28Si at near-barrier energies
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The polarization potential for the elastic scattering of 6,7Li + 28Si at near barrier energies has been investigated
in the context of an optical model framework. The effect on the elastic scattering was found to be strong, energy
dependent, and compatible with the transfer channel.
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In recent decades, the effect of projectile breakup processes
on elastic scattering, with respect to weakly bound nuclei, has
attracted considerable attention. It has been found that for
6,7Li projectiles a normalization factor must be applied in the
effective M3Y(NN) interaction of a double folding model,
which should be close to NR = 0.5–0.6. This reduction of the
normalization factor is necessary for the description of elastic
scattering data and has been attributed to breakup [1].

Moreover, a comprehensive investigation into a micro-
scopic framework was undertaken by Sakuragi [2] with 6,7Li
projectiles at various energies well above the Coulomb barrier.
Breakup channels were taken into account by Continuum-
Discretized Coupled Channels (CDCC) calculations. The work
seems also to favor a picture where breakup can describe the
loss of flux from the elastic channel. Other works [3,4], also
in a polarization potential framework for stable or unstable
weakly bound projectiles, treated breakup as the coupled
channel which absorbs flux from the elastic one, while others
considered inelastic scattering as the major absorber channel
[5].

In recent research, however, it becomes more and more
evident that transfer channels, especially at near barrier
energies, are strong [6–12] and may be responsible for coupled
channel effects appearing as a potential anomaly or fusion
increase and/or reduction.

In principle, to calculate the interaction potential, one
should include all possible virtual couplings between the
ground and higher excited states or couplings to continuum
states or to other reaction processes, like breakup and transfer.
The effect on the elastic scattering of coupling to inelastic
channels or to breakup can be represented in the optical
potential by the addition of a polarization potential (DPP)
[2,13].

In recent work, the elastic scattering for 6,7Li + 28Si at
near barrier energies [14,15] has been successfully represented
through a BDM3Y1 interaction with a normalization factor
reduced by ∼35% for 6Li and ∼45% for 7Li. Using an
alternative approach in this work, we seek a polarization
potential that removes flux from elastic scattering and our aim
is to identify the possible candidate channel compatible with
this process. We have chosen these systems because they have
been thoroughly investigated in the past from the point of view
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of both elastic scattering [14,15] and reaction mechanisms at
near barrier energies [6,9,10,16].

Let us describe this polarization potential as

Upol(r) = Vpol(r) + iWpol(r), (1)

and according to the prescription in Ref. [3], let us represent
it for reasons of simplicity by a Woods-Saxon derivative,
centered at r = 0.

Upol(r) = −(Vpol(r) + iWpol(r))er/α/(er/α + 1)2

→ −(Vpol + iWpol)e
−r/α for r → ∞. (2)

The adoption of a large diffusivity, α, and of the appropriate
depths, Vpol and Wpol, will give the necessary strength at the
surface.

Subsequently let us add this potential to a “bare” potential
like the one adopted in Refs. [14] and [15]. In that case the real
part of the bare potential is calculated within the double folding
model [17] by using the BDM3Y1 interaction developed by
Khoa et al. [18]. The densities involved are obtained from
electron scattering data, adopting a three parameter Fermi
model, for 28Si [19]; Hartree Fock calculations obtained by
Trache et al. [20] for 7Li; and the phenomenological relation
adopted by Bray et al. [21] for 6Li. The imaginary potential
is assumed to be of the same radial shape as the real one and
the same folded potential is adopted. For both potentials the
normalization factor is set equal to 1.

Subsequently, by using the code ECIS [22] with a full
potential, U (r) = Ubare(r) + Upol(r), the parameters Vpol and
Wpol are adjusted for various values of αpol to best fit the
elastic scattering data at three near barrier energies. Good
fits are obtained with αpol’s in the range of 1.3 to 1.6 fm,
while the best values are obtained for αpol = 1.6 fm and are
shown as a function of energy in Fig. 1 and tabulated in
Table I. As an example, the angular distributions of elastic
scattering cross sections calculated with the full potential
(bare + polarization) are compared with data measured at
13 MeV for both projectiles and show very good agreement
(Fig. 2). Results of the calculation with the bare potential are
also shown. Total reaction cross sections with the “bare” and
full potentials are listed in Table II. In the same Table, the loss
of flux described by the polarization potential is expressed
via reaction cross sections, σlost, obtained as the difference
between reaction cross sections extracted with the bare and the
full potentials. These cross sections should in principle account
for all channels absorbing flux from the elastic scattering
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FIG. 1. (Color online) The real (Vpol) and imaginary (Wpol) parts
of the polarization potential extracted from elastic scattering data
for 6,7Li + 28Si are presented as a function of projectile energy. The
assigned error is of the order of 20%.

channel, that is, inelastic scattering, breakup, and transfer. At
this point, we should underline that the above results are liable
to the following assumptions: (a) The bare potential generates
a reaction cross section, which almost equals fusion (the direct
cross sections is zero or minimal). (b) The change of the barrier
height, which occurs by changing the real part of the potential
in the fit, is small and does not appreciably affect the fusion
cross section from the stage of using the bare potential to the
stage of using the full potential.

Comparing in Table II the cross sections due to the loss of
flux, σlost, with previously measured transfer cross sections,
σ tr.

meas., and breakup cross sections, σ br.
meas., for energies where

such data exist [10,16,23], we note that the mechanism of
transfer exhausts the cross section appearing due to the
polarization potential. Of course more comprehensive research
in a full CDCC and Coupled Reaction Channels (CRC)
framework is necessary to draw firm conclusions for the
suitability of breakup versus transfer for describing coupled
channel effects at barrier energies. While extensive CDCC and
CRC calculations are necessary to fully understand the origin
of the real and imaginary part of the polarization potential

TABLE I. The real and imaginary part of the polarization
potential as described by a Woods Saxon derivative for α =
1.6 fm.

Projectile E (MeV) Vpol (MeV) Wpol (MeV)

6Li 13 35 25
11 58 20
9 50 15

7Li 13 40 32
11 45 20
9 85 21
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FIG. 2. Elastic scattering angular distribution data for 6Li + 28Si
(top) and 7Li + 28Si (bottom) are compared with calculations with
the bare potential (dashed line) and with the full potential (bare +
polarization potential, solid line).

and therefore to interpret its obtained energy dependence, in
the present work we can speculate the following. Despite the
large errors attributed to the parameters of the polarization
potential to the extent of 20%, the energy dependence of both
the real part and the imaginary part indicate (a) a difference
between 6Li and 7Li with respect to the effect of the direct
mechanism in the loss of flux and (b) an energy dependence,
which is stronger for the last one and is well represented by the
measured transfer cross sections (Table II: at higher energies
the transfer cross sections are higher in accordance with the
lower strength of the real potential depth parameters).

In summary, we have obtained a polarization potential that
describes well elastic scattering data for 6,7Li + 28Si at near
barrier energies in an optical potential framework. The effect
of this polarization potential on elastic scattering is strong,
energy dependent, and capable of producing “loss of flux”
cross sections that are compatible with previously measured
transfer cross sections. This fact indicates that transfer can

TABLE II. Reaction cross sections in mb with the bare potential,
σ reac.

bare , and the full potential, σ reac.
full . Reaction cross sections due

to the loss of flux from the elastic channel described with the
polarization potential, σlost (σlost = σ reac.

bare − σ reac.
full = σ elastic

full − σ elastic
bare ),

are compared with transfer, σ tr.
meas., and breakup, σ br.

meas., cross sections
measured previously [10,16,23].

Projectile E (MeV) σ reac.
bare σ reac.

full σlost σ tr
meas. σ br

meas.

6Li 13 1057 879 178 191 21
11 808 603 176

9 453 298 128 128
7Li 13 1051 824 227 273

11 787 617 170
9 416 239 177
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play a dominant role in coupled channel effects at near barrier
energies for weakly bound projectiles.
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