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The generator coordinate method (GCM) applied to the scattering of
heavy ions provides a framework in which the antisymmetrization and the
conservation of good quantum numbers can be treated exactly. The scatte-
ring wave function is approximated by a linear combination of angular
momentum projected Slater determinants representing two 120 nuclei loca-
ted respectively at + % )3, and - %fr\z’ Each l2c ground state is described
by a closed p3/2 subshell in the harmonic oscillator model. The distance
}Lbetween the centres is considered as a generator coordinate.

We have performed an exact GCM calculation of elastic 12C + 12C scat-

tering with a microscopic Hamiltonian involving central and spin-orbit two-
body forces and the exact Coulomb interaction l). The phase shifts exhibit
three bands of resonances which can be interpreted as shape or potential
resonances in the 12c + 12c effective well. For J = 0 to 6, the barrier
resonances belong to the second excited band. The J = 8 barrier resonance
belongs to the first excited band. Beyond J = 8, the resonances correspond

to the ground-state band.

The GCM has the drawback that its results are not interpreted in
terms of a local potential. The main @ifficulty in obtaining an equiva-
lent local potential is due to a difference in the Levinson theorem bet-
ween a local and a GCM equation 2). Besides kJ bound states, the GCM
possesses for partial wave J a number mJ of forbidden states, i.e. energy-
independent solutions for which the GCM scattering wave function vanishes
identically. The usual zero-energy value of the phase shift becomes
(mJ + kJ)1t in place of kJTC 2 12C + 12C system
the suggestion of Buck et al 3)to use a local potential having mJ + kJ

. We have applied to the

bound states. These authors obtain excellent results for & +¢& scattering

with a potential of the form

i 2,2
Vir) = - v exp (-r /ro)
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We have used this gaussian form for the 120 + 12C system together with a
sphere-sphere Coulomb potential 4). With the values r, = 3.31 fm and V° =
181.8 MeV, the GCM phase shifts can Be reproduced with an accuracy Better
than one degree up to 25 MeV. Six additional bound states simulate the
forbidden states. The scattering wave function being orthogonal to theése
bound states has the same number of nodes as the GCM wave function. The
quality of the fit'is due to the fact that the low bound states of the
gaussian plus Coulomb potential have an harmonic oscillator shape nearly
identical to the forbidden states. This potential does not give correctly
the resonances of the other partial waves if one does not allow the depth
parameter Vo to vary with J. Table 1 summarizes the values of iJ, mJ and
vo as a function of J. Except for the low partial waves (J;é 6) , the
"local" phase shifts are not as good an approximation of the GCM ones as
for J = 0 but the locations of the resonances are well reproduced. Up to
J = 6, the depths follow an approximate rotational law with the rotational
constant 0.22 MeV. The first strong irregularity in the depths arises at
J = 8 when the level of excitation of the barrier resonance changes.

As a conclusion, antisymmetrization effects are well simulated for

the low partial waves (J £ 6) of 12c + 12

C elastic scattering by a deep
local potential possessing 6 - %-J additional bound states. Another type

of approximation is necessary to describe the partial waves beyond J = 8.
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Table 1

J kJ mJ vo (MeV)

181.8
180.6
177.6
171.5
152.

158.5
150.
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