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Abstract

The effect of ®Li and ®He breakup on the fusion cross section of these nuclei with 2%Pb is
investigated by means of continuum-discretized coupled-channels (CDCC) calculations. For STLi
the calculations describe reasonably well the experimental data for elastic scattering, °Li — o + d
breakup and the absorption cross section given by the sum of the ®Li fusion and the o production
cross section not attributed to breakup. The effect of ®Li breakup on the calculated absorption
cross section is found to depend strongly on the imaginary part of the diagonal bare potential. A
combination of the CDCC technique and the barrier penetration model (BPM) generates results
close to the measured fusion cross section. For ®He the calculated absorption cross section is much
larger than the measured He + 2%°Bi complete fusion cross section values. However, it is found
to be relatively independent of the form of the imaginary part of the bare potential. The complete

fusion cross section is again found to be reasonably well described by the CDCC/BPM combination.
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I. INTRODUCTION

The fusion probability of two colliding nuclei is sensitive to their structure as well as to
the influence of other processes such as nucleon transfer or breakup. It is expected that
for weakly bound projectiles breakup will be the dominant direct reaction process and due
to this expectation the effect of breakup on other reaction channels, especially the fusion
process, has recently been intensively investigated. Many of the fusion studies published to
date lead to contradictory conclusions. Some of them predict a large enhancement of the
fusion cross section below the Coulomb barrier due to breakup, while others observe a rather
large suppression of the fusion cross section [1-5].

Generally, theoretical models used in these studies are based on the coupled-channels
(CC) formalism. This method allows the effect of projectile breakup on fusion to be studied,

since the total reaction cross section, og, can be expressed as:

TR = Ot + Oars = o5 3 21+ 1)(1 = |S,[?) (1)
K l

where the elastic scattering S-matrix elements, S;, and breakup cross section, oy,, are directly
provided by the CC calculations. Here AK represents the relative momentum of the two
colliding nuclei in the entrance channel. If breakup is the dominant direct reaction process,
the absorption cross section, o4, is equal to the fusion cross section, oy,s, as contributions
to o4ps from other direct reaction channels not explicitly included in the calculation may be
neglected in this case. An effective method of calculating the breakup cross section is the
continuum-discretized coupled channels (CDCC) formalism [6]. The continuum of unbound
states above the breakup threshold is discretized into bins in momentum space. Each bin is
then represented as an individual state in the CC formalism, using a wave function obtained
by averaging the continuum wave functions calculated within that bin over its width.

A weakly bound projectile scattering system that has been well investigated experimen-
tally is °Li + 208Pb. The elastic scattering of °Li by 2°Pb has been measured at several
energies in the vicinity of the Coulomb barrier [7, 8]. The sequential breakup process °Li —
a + d proceeding via the first resonant 3" state was measured at three incident energies by
Gemmeke et al. [8], while the total inclusive and exclusive breakup was recently investigated
by Signorini et al. [9]. Moreover, very recently Wu et al. [10] published cross sections for

the fusion of SLi with 2®Pb. These data form an almost complete set for the interaction of



Li with 2%8Pb.

The interaction of °Li + 2°8Pb has also been investigated theoretically by means of CDCC
calculations. Results for elastic scattering and breakup were published in our earlier pa-
pers [11, 12]. In a recent paper [13] we have also shown some results for the fusion of ®Li
with 2%8Pb. They were obtained using a barrier penetration model (BPM) with the real
effective potential between the projectile and target being the sum of the bare potential
and the dynamic polarization potential. The latter was generated by the couplings to the
resonant and nonresonant excited states of °Li included in the CDCC calculations. The
nucleus ®Li is known to have a well developed o + d cluster structure, therefore the bare
potential was calculated from empirical optical model o + target and d + target potentials
using the cluster wave function of the SLi ground state and the single-folding technique [14].
The results could not be compared to measured fusion cross sections as none were available
at that time.

Recently Diaz-Torres et al. [15] proposed a novel method for calculating fusion, still based
on CDCC calculations using the o + d cluster model of °Li. They focused on the fusion of
6.7Li with **Co and 2°Bi without presenting results for other reaction channels. Their CDCC
calculations employed o and d + target potentials with short-ranged imaginary components
to simulate an incoming wave boundary condition. However, they did not include imaginary
components in the transition potentials.

The present paper is devoted to a more detailed study of breakup effects on the fusion
of SLi and ®*He. We present the results of different model calculations including CDCC
calculations with different input potentials. The aim of this work is to ascertain whether
modern reaction models can describe simultaneously the elastic scattering, breakup and
fusion processes for the interaction of these weakly bound light nuclei with a ?°Pb target. We
compare calculated cross sections with many existing data sets, including elastic scattering,
sequential and total breakup, and fusion. We study the problem of fusion enhancement and
fusion suppression and the dependence of these effects on the imaginary part of the diagonal

bare potential as well as on the nature, Coulomb or nuclear, of the breakup process.



II. MODEL CALCULATIONS
A. Continuum-Discretized Coupled-Channels

The CDCC method was used to calculate cross sections for the elastic and breakup
channels. From these observables the absorption cross section was extracted by means of eq.
(1). For SLi, couplings to the 3* (E, = 2.18 MeV), 2% (E, = 4.31 MeV) and 1" (E, = 5.65
MeV) resonant states were included as well as couplings to the nonresonant a+d continuum.
The continuum was truncated at an excitation energy of about 11 MeV, corresponding to an
a + d relative momentum k = 0.78 fm~!. The continuum was discretized into bins of equal
width, Ak = 0.26 fm~!. In the presence of resonances the discretisation was slightly modified
in order to avoid double counting. All cluster states corresponding to « + d relative angular
momenta L = 0,1,2 were included. The resonant states were also treated as momentum
bins, with widths corresponding to 0.1 MeV, 2.0 MeV and 3.0 MeV, respectively [16]. The
a+d binding potential was of Woods-Saxon shape with parameters R = 1.9 fm and a = 0.65
fm [17].

The diagonal and coupling interactions were calculated from a + target and d + target
optical model potentials by means of the single-folding technique [14]. Two sets of input
potentials were used. Set A consisted of empirical a+2®Pb and d+2°®Pb optical potentials
obtained in low energy elastic scattering studies [18, 19], and calculations with this set are
referred to as CDCC A. In order to investigate the sensitivity of the results to the bare imag-
inary potential, we also performed calculations where the imaginary parts of the o, d+2%Pb
optical model potentials were replaced by a short-ranged potential with parameters W = 50
MeV, r; = 1 fm and a; = 0.2 fm, in order to simulate an in-going-wave boundary condition
for fusion, following the prescription of M.J. Rhoades-Brown and P. Braun-Munzinger [20].
CDCC calculations using these parameters are referred to as CDCC B.

The binding energy of ®He is even smaller than that of ®Li, so breakup is expected to be
more dominant in the interaction of ®He with a target nucleus and to have a much larger
effect on the fusion process. Also, ®He has a strong E1 excitation to the continuum, whereas
in a strict a+d cluster model of °Li the E1 excitation strength is identically equal to zero.
Therefore, we performed similar CDCC calculations for the ®He + 2%®Pb scattering system,

using a dineutron model of ®He [13, 21]. Couplings to the 1.8 MeV 2% resonant state of ®*He



and to the L = 0,1,2 nonresonant continuum, truncated at an excitation energy of about
12.3 MeV, corresponding to an « + 2n relative momentum k£ = 0.85 fm !, were included.
The continuum was discretised into bins of width Ak = 0.25 fm~! for the lowest energy
bins for each L value and Ak = 0.20 fm~! for the others. As input cluster-target optical

potentials we adopted the two sets used in the SLi + 2°®Pb calculations.

B. Barrier Penetration Model

In the limit of no coupling, one-channel calculations of the absorption cross section with
short ranged imaginary potentials should give results close to the fusion cross section cal-
culated using the barrier penetration model (BPM). In the BPM the fusion cross section is

calculated from the barrier penetration coefficients, 7}, using the following relation,

™
Ofus = ﬁ E ,(2l + l)Tl (2)
l

The coefficients 7} in turn are calculated using the WKB approximation and they depend

real

on the Coulomb barrier, Ug = Uy,

+ Ucoutomp- For the no-coupling case, when the
imaginary part of the diagonal nuclear potential, U, ,ceqr, is confined inside the Coulomb
barrier the values of (1 — |S;|?) obtained from eq. (1) should be close to the BPM T; [20, 22].
Hence the BPM fusion cross section and the no-coupling absorption cross section will be
similar for calculations with the same real part of U, ceqr- It was shown that when the real
part of U,,qeqr is energy dependent according to the dispersion relation, BPM calculations
of the fusion cross section well reproduce the experimental data for ®O fusion with 28Pb
and 3?S fusion with 4°Ca [23].

It is possible to account for the effect of channel couplings in one-channel calculations by
means of a dynamic polarization potential, U,. Such a potential may be derived from CDCC
calculations following the prescription of Thompson et al. [24]. Recently, it was shown that
BPM calculations with an effective nuclear potential equal to the sum of the bare potential
and the polarization potential, Uyyciear = Uepr = Upare + Up, are able to describe well the
cross sections for 7Li fusion with 60O [25, 26]. In this paper we also present results of such

calculations for both scattering systems.



TABLE I: Ratios of the real (N,) and imaginary (N;) parts of Ugts/Upgre at the Coulomb barrier

radius (R¢ = 11.6 fm) for 5Li + 208Pb extracted from the CDCC A calculations.

Ecm. N, N;
26.6 0.61 1.12
28.2 0.52 0.99
32.0 0.52 0.80
37.9 0.58 0.78
50.5 0.63 0.79

Most of the calculations presented in this paper were performed using the code Fresco [28],

version frxpl8.

ITI. RESULTS AND DISCUSSION
A. Results for 5Li + 28Pp

A typical example of the description of an elastic scattering angular distribution by the
CDCC calculations is shown in Fig. 1. Calculations with the empirical cluster-target optical
model potentials (CDCC A) describe the data better than those with the short-ranged
imaginary parts (CDCC B). This is due to the empirical potentials having more surface
absorption, which in a broad sense models the effect of target inelastic excitations and other
channels not explicitly included in the calculations. The effect of breakup on the elastic
channel is shown by the difference between the one-channel calculations (dashed curves)
and the full CDCC results (solid curves).

The dynamic polarization potential derived from the CDCC A calculations reduces the
strength of the bare potential at the Coulomb barrier radius. This reduction varies slightly
with incident energy (see Table I) and is different for the real and imaginary parts. The
mean value of this reduction is N, = 0.57 and N; = 0.90 for the real and imaginary parts
of the potential, respectively, indicating that the polarization potential is mostly real and
repulsive at the surface for these calculations.

The results for the °Li — « + d breakup cross section do not depend so strongly on the



choice of input imaginary potential parameters. For sequential breakup via the 3% resonant
state of ®Li both sets of calculations (CDCC A and CDCC B) underpredict the cross section,
but for the total breakup (the sum of the sequential and direct breakup) the agreement is
better. The filled circles in Fig. 2 denote the experimental values for the cross sections
corresponding to the sum of the exclusive a+d and a+p coincidences, so in addition to the
6Li — a+d breakup they include contributions from the one-neutron transfer process. Test
calculations have shown that one-neutron transfer to the first few excited states of 2%°Pb
generates a total cross section of about the same size as that for breakup. Couplings to
these transfer channels were not included in the present calculations, so the predicted cross
section values should be lower than the measured ones.

The absorption cross sections obtained from the CDCC calculations are presented in Fig.
3 (a). They are plotted as a function of the c.m. energy (ratio to the Coulomb barrier
height, V). The height of the Coulomb barrier was found to be 28.5 MeV at a ®Li+2%Pb
separation of Rg = 11.6 fm in the cluster-folding calculations. For weakly bound projectiles
like 6Li, one should distinguish between complete and total fusion [2]. The latter contains, in
addition to the fusion of the projectile as a whole with the target (complete fusion), fusion
of one or more projectile fragments with the target. The absorption cross sections obtained
from the CDCC calculations correspond to total fusion, since the imaginary parts of the
cluster-target input potentials account for the separate fusion of the o and d with 28Pb.
The problem of complete versus total fusion and the various definitions of these quantities
found in the literature is extensively discussed in Diaz-Torres et al. [15].

The calculated cross sections are compared with the experimental results of Wu et al. [10]
for ®Li + 2%8Pb fusion, plotted by the solid circles in Fig. 3 (a). As expected, the one-channel
calculations with input potential set A (dotted curve) generate larger cross sections than
those using set B (dot-dashed curve). This is simply because the imaginary part of the
diagonal potential derived from set A is of larger range than that derived from set B. In
both cases, however, the absorption cross sections obtained from the full CDCC calculations
are much larger than the experimental fusion cross sections. This is not surprising, as the
experimental values represent mainly complete fusion of ®Li with 2°®Pb.

The calculated values of the absorption cross section are close, however, to the sum of
the fusion cross section and the so called stripping breakup cross section, o, gy, measured

by Signorini et al. [9] (solid triangles). The latter is the difference between the total «



production cross section seen in the experiment and the exclusive breakup cross section
plotted in Fig. 2. Both calculations, CDCC A and CDCC B, produce similar quality fits to
these data.

The effect of breakup on the absorption cross section is very different, depending on
the input parameter set. For set A breakup reduces the absorption cross section over the
whole energy range (solid curve), while for set B, the absorption cross section remains
almost unchanged above the Coulomb barrier and is significantly enhanced below the barrier
(dashed curve). It is important to note that the calculated values of the absorption cross
section, independent of the input potential set, are close to the experimental values oy,s +
ostr.u plotted by the solid triangles.

The effect of the breakup process on the fusion cross section may be discussed in terms
of the dynamic polarization potential. It is well known that the effect of ®Li breakup on the
elastic scattering cross section may be simulated in a one-channel calculation by a polar-
ization potential with a repulsive real part. Ioannides and Mackintosh [29] have noted that
this “repulsion tends to occur more strongly when the underlying absorption is strongest.”
Sakuragi [27] studied the real and imaginary parts of the dynamic polarization potential
generated by ®Li breakup and found that the ratio of these two terms depends on the nature
of the coupling potentials. When purely real coupling potentials are used in CDCC calcu-
lations the dynamic polarization potential has a significant absorptive imaginary part, but
when complex coupling potentials are used the imaginary part of the polarization potential
is negligibly small at the surface. Sakuragi related the problem of real or complex coupling
to the importance of the couplings between the nonelastic channels.

These observations correspond directly to the polarization potentials derived from our
calculations using the two sets of input potentials. In Fig. 4 the real and imaginary parts of
the polarization potentials derived from the CDCC A and CDCC B calculations at a c.m.
energy of 28.2 MeV are plotted together with the respective imaginary part of the diagonal
potential, Wy,,... When set A is used, the derived polarization potential has a negligibly
small imaginary part at separations larger than the Coulomb barrier radius, while when set B
is used the imaginary part of the polarization potential becomes strongly absorptive around
the barrier radius. Thus, in the CDCC A calculations the absorption cross section is mainly
determined by the lowering of the Coulomb barrier due to the repulsive real polarization

potential, while in the CDCC B calculations the absorption generated at the surface is



responsible for the increase of the absorption cross section below the barrier.

A comparison of the cross sections for fusion of °Li with 2°®Pb (solid circles) and 2*Bi
(stars) plotted in Fig. 3 (a) suggests that target excitation plays a negligible role in the
fusion process. This is supported by test CDCC calculations which included coupling to the
2.6 MeV 3; excited state of 2%Pb.

Calculations of the fusion cross section using the BPM/CDCC model depend only very
weakly on the input parameters sets A, B since in this model the fusion cross section is
mainly defined by the real part of the effective nuclear potential, Uyyceqr = Uesp. Therefore,
in Fig. 5 (a) we only show the results of BPM calculations using input potential parameter
set. A. The results of the calculations with the diagonal nuclear potential equal to the bare
potential, U,,,cicar = Upare, are shown by the dotted curve. When the polarization potential is
added to the bare potential the fusion cross section is slightly suppressed below the Coulomb

barrier (solid curve).

B. Results for *He + 28Pb

The mechanisms of °Li — a+d and *He — « + %n breakup in the field of a lead target are
very different [13, 30]. Breakup of ®Li is governed by the nuclear interaction while breakup
of ®He is dominated by Coulomb couplings to the continuum. Verbitskii and Terenetskii [31]
demonstrated that if *He breakup is of Coulomb nature the dynamic polarization potential
corresponding to this process has a small attractive real part and a much stronger absorptive
imaginary part of a very long range.

This observation is fully supported by the present CDCC calculations. Although at
projectile-target separations around the Coulomb barrier radius (Rc = 12 fm) the polar-
ization potential still has a strong repulsive real part, it becomes small and attractive at
separations larger than 14 fm, see Fig. 6. The imaginary part is already absorptive at 12 fm
and dominates at separations larger than 14 fm. Thus, independent of the input potential
set, the absorption cross section is defined by the long-range absorption at the surface and
the absorption cross section predicted by the CDCC calculations is therefore enhanced over
the whole energy range.

The results of the CDCC calculations are plotted in Fig. 3 (b). As fusion data for *He

+ 29%8Ph are not available, the calculations are compared to measured cross sections for *He



+ 299Bi complete fusion [4]. The °Li fusion data were found to be similar for both targets,
therefore the assumption that they are similar for ®He is reasonable. The calculated and
measured cross sections are plotted as a function of the c.m. energy, ratio to the Coulomb
barrier height. The value of the Coulomb barrier height was found to be 18.2 MeV at R¢ =
12 fm for He + 208Pb. For the bismuth target the barrier was assumed to be slightly larger
and equal to 18.4 MeV. As for ®Li, the one-channel calculations with set A (dotted curve)
give much larger absorption cross sections than the calculations with input potential set B
(dot-dashed curve), as expected. However, when the couplings to the 2% resonance and the
nonresonant continuum are included the calculated absorption becomes very similar in both
cases and much larger than the measured complete fusion cross section (solid and dashed
curves). One should bear in mind that the calculated absorption cross section corresponds
to the total fusion and, as was shown for °Li, includes the effect of contributions from direct
reaction channels other than breakup. However, in contrast to the results for °Li +2%Pb,
we may draw the firm conclusion that the effect of “He — ?n + « breakup on the calculated
absorption cross section (the “total fusion”) is a considerable enhancement, irrespective of
the choice of diagnonal imaginary potential.

When plotted as a function of the E.,, /Vp ratio the values for the °He + 2°Bi fusion
cross section become very similar to those for fusion of ®Li with ?*®Pb, c.f. Figs. 5 (a) and
(b). The description of the experimental fusion cross sections by the BPM calculations is
shown by the solid curve in Fig. 5 (b). These calculations reflect the enhancement of the
Coulomb barrier due to the repulsive real part of the polarization potential at the barrier,
and therefore the effect of ®He breakup on the fusion cross section predicted by the BPM
calculations is opposite to that obtained from the full CDCC calculations. The BPM predicts
strong suppression of the fusion cross section due to breakup, as a comparison of the solid

and dotted curves in Fig 5 (b) shows.

IV. SUMMARY

Results of extensive CDCC calculations for the interaction of °Li and ®He with a 28Pb
target have been presented. The calculations are able to describe data for 6Li + 28Pb elastic
scattering, 5Li — o + d breakup and “non-breakup absorption” reasonably well. The latter

observable is the sum of the °Li + 2%Pb fusion and the so called stripping breakup, the
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process which is responsible for 75 % of the measured o particle yield for the %Li + 28Pb
interaction. The mechanism of this process remains to be elucidated and its effect on fusion
needs to be further investigated.

The effect of the Li — o + d breakup on the calculated absorption cross section is found
to depend strongly on the nature of the imaginary part of the diagonal bare potential. If
the imaginary bare potential is weak at the surface (CDCC B calculations), the inclusion
of breakup enhances the calculated absorption cross section below the Coulomb barrier,
leaving it unchanged above the barrier. If the imaginary bare potential is strong in the
surface (CDCC A calculations), breakup reduces the calculated absorption cross section
over the whole energy range. However, both sets of calculations give similar final results for
the absorption cross section, in broad agreement with the “non-breakup absorption” cross
sections.

Which of these calculations is more realistic depends to a large extent on the experimental
quantity they are compared with. If the “non-breakup absorption” cross section includes
contributions from other direct channels, e.g. transfer processes, then clearly CDCC A type
calculations provide a more realistic means of calculating the absorption cross section if
these channels are not explicitly included in the calculation, as the imaginary potential must
include surface absorption to simulate the contribution of the excluded channels. However,
if the experimental absorption cross section is the “total fusion” clearly CDCC B type
calculations are more appropriate. Thus, our calculations suggest that the effect of SLi
breakup on the “total fusion” cross section is an overall enhancement. This conclusion is
of course dependent on the definition of “total fusion,” which is by no means universally
agreed upon, see the discussion in Diaz-Torres et al. [15], for example.

By contrast, the CDCC/BPM calculations provide a reasonable description of the com-
plete fusion data, and predict general suppression of the fusion cross section due to breakup
below the Coulomb barrier.

The absorption cross section values for ®He + 29Pb obtained from the full CDCC cal-
culations are much larger than the measured complete fusion cross sections for the bismuth
target. Both sets of CDCC calculations predict strong enhancement of the fusion cross sec-
tion over the whole energy range and give essentially identical final results for the absorption
cross section, independent of the nature of the bare imaginary potential. This insensitivity

to the choice of diagonal imaginary potential may be ascribed to the dominant nature of
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Coulomb breakup for ®He, in contrast to 6Li. We are thus able to draw the definite conclu-
sion from our calculations that the effect of *He — o + 2n breakup on the total fusion is a
general enhancement.

As noted above, the absorption cross section obtained from the CDCC calculations is
the total fusion cross section, including fusion of one or more of the projectile fragments
after breakup as well as the fusion of the projectile with the target. Therefore, one would
expect that it will overpredict the complete fusion cross section. However, as for 6Li + 29%Pb,
the CDCC/BPM calculations give a reasonably good account of the complete fusion cross
sections. Thus, in contrast to the calculated absorption cross sections the BPM fusion cross
section appears to correspond to complete fusion of the projectile with the target nucleus.
Why this should be so remains unclear. As for the °Li + 2%Pb case, the CDCC/BPM
calculations predict a general suppression of the fusion cross section due to breakup below
the Coulomb barrier, the effect being considerably more important for SHe.

The large difference between the CDCC absorption cross sections and the measured
complete fusion cross sections for ®He + 2°Pb could also be due to oversimplification of our
model of ®He. The %He nucleus is known to have a three-body o + n + n structure while
in the calculations a dineutron model was used. Nevertheless, independent of the model, if
Coulomb breakup of %He is the dominant process the total fusion cross section should be
enhanced by breakup. Another reason for this disagreement could be the influence of reaction
channels other than breakup not taken into account in the calculations. This equally applies
to the ®Li + 2°*Pb calculations. This calls for more detailed experimental and computational
studies.

Summarizing, we have shown that for both scattering systems the absorption cross sec-
tion obtained from eq. (1) with the breakup cross section calculated by means of the CDCC
method is much larger than the experimental complete fusion cross sections. CDCC cal-
culations using an interior imaginary potential appear to be the most realistic means of
calculating the total fusion for these weakly bound light systems, suggesting that the effect
of breakup on this quantity is enhancement below the barrier with little or no change above
it for 5Li and a general enhancement for “He. The complete fusion cross section appears to be
rather well described by a combination of the CDCC and BPM methods, these calculations
indicating a suppression of the sub-barrier fusion cross section by the breakup couplings.

These results provide an a posteriori justification of the general scheme used to calculate

12



sub-barrier fusion in ref. [1].

From our results, we may suggest that perhaps the most appropriate way to calculate
fusion for such weakly bound systems would be to employ the CDCC A type calculations, so
as to obtain the best agreement with a wide range of data in a finite calculation by allowing
surface absorption to simulate the effect of channels not explicitly included in the calculation,
while employing the incoming wave boundary condition in each channel to calculate the
fusion cross section. This would enable complete and total fusion to be disentangled, at
least in the calculations. However, a full understanding of the fusion process is not possible
without a simultaneous understanding of other reaction channels which proceed with large
cross sections, such as transfer processes, and a means of disentangling the role played by

fusion of the projectile fragments with the target nucleus (partial fusion).
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FIG. 1: Angular distribution of the differential cross section (ratio to Rutherford cross section) for
Li + 298Pb elastic scattering. The data are from Keeley et al. [7]. The curves show results of
various calculations with the two sets, A and B, of input cluster-target potentials. One-channel no
coupling calculations are plotted as dashed curves while the calculations with Li — a4+ d breakup

couplings included are plotted as solid curves, see text for details.

FIG. 2: Data for the exclusive 6Li breakup from a+d and a+p coincidences measured by Signorini
et al. [9] (filled circles) and for the sequential ®Li — a + d breakup via the 3" resonant state of
SLi obtained by Gemmeke et al. [8] (triangles) compared with the CDCC calculations. See text for

details.

FIG. 3: (a) Experimental data for °Li + 2°8Pb (filled circles) [10] and Li + 2%Bi fusion (stars) [2]
compared to the absorption cross sections obtained from the CDCC A and CDCC B calculations.
The filled triangles represent the sum of the fusion cross section and the so called stripping breakup,
the difference between the total @ production cross section and the exclusive breakup cross section
as discussed in Ref. [9]. (b) Experimental data for the ’He + 209Bi complete fusion cross section
(filled circles) [4] compared with the absorption cross sections obtained from the CDCC A and
CDCC B calculations for 208Pb target.
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FIG. 4: Real (V,) and imaginary (W,) parts of the dynamic polarization potential (U,) corre-
sponding to the two different CDCC calculations at E,,,. = 28.2 MeV for °Li + 2Pb — (a + d)
+ 298Pb breakup. The imaginary parts of the respective 8Li+2?%Pb bare potentials (Upare) are

plotted by the dashed curves.

FIG. 5: (a) Fusion cross sections for 6Li + 208Pb (filled circles) [10] plotted as a function of the c.m.
energy (ratio to the Coulomb barrier height). The curves show the results of calculations using a
combination of CDCC and BPM techniques with the bare and effective potentials. See text for
details. (b) Fusion cross sections for ®He+2%Bi (filled circles) [4]. The curves show the results
of calculations using a combination of CDCC and BPM techniques with the bare and effective

potentials. See text for details.

FIG. 6: Dynamic polarization potentials corresponding to the two different CDCC calculations as

in Fig. 4 but for ’He + ?°Pb at E.,, = 28.8 MeV.
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