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Introduction
Reaction studies with weakly bound nuclei
over the last two decades have contributed
significantly in understanding the effect of the
structure of the projectile on its reaction
mechanisms. Due to the low breakup threshold
energies of these projectiles, the breakup channel
is expected to be important in influencing other
reaction channels. Particularly, in the case of
scattering of the weakly bound stable projectiles,
the influence of the breakup channel is seen in
the energy dependence of the optical model
(OM) potential around the Coulomb barrier. The
real part of the potential does not show a
prominent energy dependence while the
imaginary part persist even below the barrier,
unlike in the case of the tightly bound nuclei, an
observation termed as breakup threshold
anomaly (BTA). In the case of tightly bound
nuclei, coupling to bound excited states produces
an attractive real dynamic polarization potential
(DPP) which becomes increasingly attractive as
the projectile energy decreases to the Coulomb
barrier. The imaginary part shows a decreasingly
attractive trend in the same energy range thus
leading to the observed threshold anomaly (TA).
However, in case of weakly bound nuclei, the
coupling to its continuum leads to a repulsive
real DPP while the imaginary part becomes
increasingly attractive, leading to the observed
BTA. In the case of the 6Li scattering from
different targets, the BTA has been observed
which has also been confirmed from the
continuum discretized coupled-channels (CDCC)
calculations. For 7Li, the conventional TA has
been observed, whereas there are inconclusive or
conflicting results for the case of 9Be scattering.
In the present contribution, the CDCC
calculations performed for the 9Be+89Y system,
with an aim to understand the energy dependence

of the OM potential obtained from the elastic
scattering fit and the fusion cross section data
[1], are presented.

Analysis
CDCC calculations have been performed
for the 9Be+89Y system, using the experimental
data in [2] and employing the code FRESCO [3]
to understand the effect of continuum coupling
of 9Be states on its scattering. The cluster folding
technique has been used with the 4He+5He
cluster structure assumed for 9Be and having
breakup threshold energy of 2.467 MeV. The
continuum with L=0,1,2 has been discretized
into momentum bins from k=0 to 0.7 fm-1 with
∆k=0.15 fm-1 and the energies corresponding to
each k have been assigned as the mean energy of
the bins. Re-orientation couplings for 9Be ground
state have been included to take into account its
large quadrupole deformation (Q=+5.3 e fm2).
The potential for binding the 4He+5He cluster has
been taken from [4] with the depth of the
potential been adjusted to reproduce the energy
of each level. The 4He+89Y and 5He+89Y
potentials have been taken to be of the WoodsSaxon form. The diffuseness of the latter has
been increased by 0.1 fm to take into account its
extended structure. Potential parameters for the
4
He+89Y potential were obtained from OM fits to
the experimental data for the system at 16 MeV
[5] (which corresponds to 4/9 times the 9Be
beam energy at 33.5 MeV- the highest energy in
the current investigation). Along with the
continuum, couplings to the 5/2- state (Ex=2.429
MeV) and the 7/2- resonant state (Ex=6.38 MeV)
in 9Be have been included considering them as
L=2 states. The 7/2- state has been taken as a
continuum state with width of 3 MeV, while the
5/2- state is taken as a bound state due to
4
He+5He structure considered for 9Be. Results
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Fig. 1 Ratio of the elastic to Rutherford crosssections for the 9Be+89Y system along with
results of uncoupled (dot-dash) and CDCC
(solid) calculations.
In Fig. 2, comparison of the experimental CF
(triangles) and total fusion (TF=CF+ICF) crosssections (diamonds) for the system [1] with the
absorption
cross-sections
obtained
after
continuum coupling (dashed line) and the BPM
calculations (solid line) has been done.

Discussion
Results for the elastic scattering cross-sections
obtained from continuum coupling (solid lines),
were found to reproduce the experimental values
well, as shown in Fig. 1. Interestingly, at
backward angles, the values were found to be
enhanced as compared to the uncoupled results
(dot-dash lines). This suggests that the real DPP
generated due to breakup coupling is repulsive.
This is consistent with the observed energy
dependence of the OM potential for 9Be+89Y [2]
where the real part has no pronounced bump
around the Coulomb barrier and the associated
imaginary part remains non-zero at sub-barrier
energies. In Fig. 2, the reaction cross-sections
obtained from CDCC calculations, cumulative
absorption by imaginary potential and fusion by
BPM are compared with the experimental fusion

[1] and the reaction cross-sections obtained by
OM fit. The calculated reaction cross-sections
(dotted line) reproduce the reaction crosssections obtained from OM analysis (filled
circles) very well. The BPM fusion (solid line) at
energies above the barrier overestimates both CF
as well as TF though they were expected [6] to
reproduce the experimental TF. This can be due
to the fact that only a lower limit of ICF crosssections was measured experimentally due to the
long half-life (~3x107 yrs) of the evaporation
residue corresponding to the ICF channel. The
cumulative absorption cross-sections (dashed
line) were found to over-estimate the TF crosssections, a result similar to that found in [6]. This
suggests that the excess of absorption crosssections from calculations may be attributed to
the uncoupled transfer and target inelastic
channels. If all the channels were coupled
together then the absorption cross-sections
would be equal to TF.

2

10

σ(mb)

from the CDCC calculations thus obtained have
been plotted in Fig. 1 by the solid line while the
uncoupled calculations have been represented by
dot-dash line.
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Fig. 2 Comparison of the experimental CF and
TF cross-sections with the theoretical estimates
for the same from CDCC calculations.
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