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It has been suggested that a modulation of the Coulomb barrier in an energy dependent way could be used to describe fusion
reactions. Such a procedure fails to give the fusion spin distributions obtained from fully dynamical calculations.

In an earlier article [1] it was argued that a one-
dimensional potential barrier for heavy-ion fusion
reactions at energies near and below the Coulomb
barrier could be used, provided the potential is given
an energy dependence corresponding to what is ob-
tained from analyzing elastic scattering data. This ar-
gument was further elaborated in ref. [2]. A recent
analysis of both elastic scattering and fusion data
would appear to support such a procedure [3]. Al-
though the discussion in ref. [1] is based on an effec-
tive potential which is formally equivalent to a full
dynamical calculation, it should be emphasized that
the simple prescription for correlating elastic scatter-
ing and fusion data which was put forward in ref. [1]
and utilized in ref. [3] has not been justified
theoretically.

The present communication points out that using
an energy dependent barrier for fusion as suggested
inref. [ 1] - namely, increasing the nuclear attractive
potential in an energy dependent way — is inconsist-
ent with the dynamical effects that are incorporated
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in a coupled-channels calculation. The energy depen-
dence of the compound nucleus spin distribution
specifically reveals this complexity. Actually, a re-
cent data analysis has found that using an energy-de-
pendent barrier does not predict the correct average
spin of the compound nucleus [4].

We take the case of *°Ar+ '*2Sn and calculate the
fusion cross section as the flux which penetrates a
barrier in the presence of couplings to other degrees
of freedom [5]. This example was used earlier to
show how the couplings enhance fusion cross sec-
tions below the barrier [6] and also affect the com-
pound nucleus spin distribution above the barrier
[7]. The present calculations make use of the inelas-
tic excitation coupling scheme of ref. [6] and take
the finite range of the formfactors into account [8].

The solid and dashed curves in the leftmost part of
fig. 1 show the fusion cross section calculated with
and without the coupling interactions. The solid
points are obtained without coupling but using a bar-
rier that is adjusted at each energy to reproduce the
coupled channels result. The corresponding average
values of the spin distributions are shown in the
rightmost part of fig. 1. It is apparent that the energy-
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Fig. 1. Fusion cross sections and average compound nucleus spin calculated for “°Ar+'%*Sn. The solid and dashed curves are obtained
with and without the channel couplings. The points result from using a one-dimensional energy-dependent potential
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Fig. 2. Partial fusion cross sections at various energies corresponding to the calculations shown in fig. 1.
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dependent potential prescription fails to account for
the changes in the average spin introduced by the
couplings. A similar result was found in connection
with an analysis of the **Ni+'%Mo reaction in ref.
[4].

The reason why this occurs can be appreciated by
looking at how the spin distributions evolve in fig. 2.
At the lowest energies, where the cross sections are
varying exponentially, the shape of the spin distri-
bution is fixed and is essentially independent of the
coupling [9]. Thus it can be reproduced by scaling
the one-dimensional result *'. At the highest energy
shown in fig. 2, however, the distribution for the one-
dimensional barrier has reached its characteristic tri-
angular shape while the coupled channels distribu-
tion remains much broader. This feature was shown
in ref. [7]. It is a consequence of the fact that the
coupling not only acts to increase the flux transmit-
ted below a barrier but also decreases the flux trans-
mitted above a barrier [5]. This dual aspect of the
coupling mechanism can not be modelled by simply
lowering the barrier in an energy dependent way.

*! This situation corresponds to the O+ Pb case considered in ref.
[1]. A strong discrepancy with the multi-dimensional nature
of the coupled-channels barrier penetration problem would
have become evident had the energy been increased.
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