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Sub- and near-barrier fusion reactions
experimental results
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The concept of a “fusion barrier distribution” was exploited:

its sensitivity to the static nuclear deformation was evidenced ...
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Transfer channels

The modified energy scale E"
takes into account the
different Coulomb barriers
and the high energy octupole
vibrations of 4°Ca and 48Ca

“ca + Ozr
VCa + %zr
®Ca + 0zr
BCa + Bzr
VCa +¥zr

with Q>0
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Hindrance vs. enhancement
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Fusion of stiff nuclei: the case of 28Ni + 54Fe
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Coupling to transfer channels
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Constant S

40Ca + 96Zr

Woods-Saxon
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Ch-1 is no-coupling

Ch-6 one-phonon 2+, 3- couplings

Ch-28 two-phonon couplings

Ch-84 two-phonon, one- and two-nucleon transfer couplings
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U(r) (MeV)

CC analysis: the hindrance phenomenon
does not occur in *9Ca+*°Zr |
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One has to use the WS or ignore the
repulsive part of the M3Y potential, to
get closer to the data.

"Indeed, the Q-values for neutron
transfer are large and positive.

The valence nucleons can flow more
freely from one nucleus to the other
without being hindered by Pauli blocking”
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In spite of the large enhancement in the
fusion of #9Ca +“8Ca, hindrance does eventually
occur but the onset is pushed down to very low

. % ., ¢ energies, where it sets in rather abruptly below
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The case of the 28:30Si + 28.305j systems
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oscillatory structures were observed
long time ago

a shallow ion-ion potential was employed
to fit such data confirming the early
suggestion that they are due to the
penetration of successive centrifugal

160+160

M3Y+repulsion

CCC ——
NOC -

barriers

the sub-barrier excitation function was
reproduced as well

N. Poffe', N. Rowley and R. Lindsay, NPA 410, 498 (1983)
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W2L(L + 1)

V(L) = Vcp +
2uRZp

in heavier systems sub-
barrier enhancements/
hindrance are stronger

do we observe oscillations in
285i+285i ? this would provide
very useful_information on
the potential and on coupling
effects in a wide energy
range
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The fusion excitation function of 28Si+28Sij
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The first derivative d(Eo)/dE shows distinct oscillations above the barrier
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10° . The CC calculation includes the

low lying 2* and 3" states, and
10° | 30g; |30 tchelr.mutual excrfatlons, but no
1 imaginary potential.
1 Oscillations are predicted also
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What do we learn from the Si+Si systems

the appearance of oscillations and the trend of sub-barrier
cross sections in 28Si + 28Si have been reproduced within the
same theoretical frame, i.e., the CC model using the shallow
M3Y+rep. potential

within that model the existence of oscillations is tightly
bound to channel couplings in this relatively heavy system,
while in lighter cases the oscillations are related to the
overcoming of successive centrifugal barriers well spaced in
energy

as a consequence, the one-to-one relation between each
peak and the height of a centrifugal barrier is lost

checking the importance of the oblate deformation of 28Si
in all this, calls for an analogous experiment on the near-by
system 30Si + 30Si because 39Si is a spherical nucleus
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Some perspectives
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