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Higher nodal states of alpha+ N cluster structure in ' F
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The existence of the higher nodal states of the o. + N cluster structure in F is discussed through the
analysis of the backward angle anomaly in alpha-particle scattering from N at E = 22, 24, and 28 MeU.

The essential importance of alpha-cluster structure in light
nuclei has been clarified by the comprehensive study of nu-
clei below Mg. ' The most specific mode peculiar to cluster
structure is a relative motion between two clusters in nulcei.
The existence of the excited state of the relative motion,
i.e., a vibrational cluster state, will further establish the im-
portance of the concept of molecule-like structure in light
nuclei ~ The unique vibrational state hitherto found is the
a+' 0 cluster state in ONe starting from E,„=8.3 MeV.
The reason why such a vibrational cluster state has been
barely found in 20Ne may be because the binding ability of
intercluster interaction is much weaker than the molecular
one. 2 Even in 20Ne the vibrational states 0+, 2+, and 4+
are broad (short lived) and the higher spin states have not
been identified as energy levels. It was shown by one of the
present authors (S.O.) with Kondo and Nagata3 that the per-
sistent existence of the 6+ and 8+ states in the higher nodal
band, which has one more node in the relative motion than
the ground band with the o. +' 0 cluster, can be traced in
the phenomenon of backward angle anomaly (BAA) in
alpha-particle scattering from ' 0. Recently, a systematic
experiment and analysis of o, -' 0 scattering by Michel et aI.
reconfirmed the above finding.

If another example of a higher nodal state in nuclei can
be found, the concept of cluster vibrational mode will be
further established. In the present Brief Report we show
that existence of the higher nodal states of the o. + "N clus-
ter in ' F can be traced in the phenomenon of backward an-
gle anomaly.

The importance of the o. + ' N cluster structure in ' F has
been investigated by many authors with the microscopic
model, semimicroscopic model, and phenomenological po-
tential model. It has been sho~n ~ that the a+' N cluster
structure is well understood as a weak coupling of a @~~2

hole with the u+'sO cluster structure in 2cNe (Fig. 1): Ac-
cording to this weak coupling picture, existence of the
higher nodal states is also expected in ' F corresponding to
those in ' Ne. Nemoto and Bando obtained the higher no-
dal states in the bound state approximation with the genera-
tor coordinate method; however, it was shown by LeMere
and Tang9 with the resonating group method in the scatter-
ing treatment that the corresponding phase shifts never
show the resonances. Also in the bound state calculation
with the coupled-channel orthogonality condition model,
the higher nodal states have not been obtained stably. Ex-
perimentally no states corresponding to the higher nodal
states in ' Ne have been found.

On the other hand, some attempts' ' have been done to
understand the BAA in alpha-particle scattering from ' N,
which shows anomalous enhancement of cross sections and
characteristic oscillations of angular distributions at back-

ward angles. Coelho et al. ' tried to explain the large cross
sections by a heavy particle transfer process but not the
characteristic oscillations. Oeschler et aI. " explained the
characteristic oscillations with a phenomenological Regge-
pole model. However, it seems that no systematic and satis-
factory explanations have been given. We connect the
problem of existence of the higher nodal states with this
backward angle anomaly.

We study the higher nodal states of the o, +' N cluster
structure with a deep folding potential model; as an interac-
tion between clusters we adopt the direct potential derived
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FIG. 1. %eak coupling features of energy levels of ~ F with
u+ '5N cluster structure and 2 Ne with o;+ tsO cluster structure is
shown.
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angles of alpha scattering from "N should further confirm
the higher nodal band.

Here we mention the result by Oeschler et al. Our real
and imaginary potentials are compared with theirs in Fig. 5.
These two real potentials have almost the same depth; how-
ever, the shapes are considerably different in the outer re-
gion: The potential of Oeschler et al. gives a broad resonant
wave for l=7 in the relevant energy region of E =22—28
MeV; however, it cannot produce the broad higher nodal
resonances of l =6 and 8. So if acceptable angular distribu-
tions are obtained at backward angles by this potential with
a weak imaginary potential, the mechanism of BAA is quite
different from our potential. Oeschler et al. , in fact, use a
strong imaginary potential, which washes out the broad res-
onance, and introduce a Regge pole of l =7.1, 7.3, and 8.4
for E =22, 24, and 28 MeV, respectively. These poles
should be regarded as simulating the higher nodal reso-
nances of l = 6 and 8.

How could we find the higher nodal states with low spins?
One way of finding an indication of them would be to inves-
tigate the n+zN cluster structure in zF: The A particle
would be a glue to stabilize' the higher nodal states of the
o. + ' N cluster structure, which may enable the higher nodal
states, particularly the band head, to appear at least as
quasibound states. It is very interesting to study the cluster
structure of ~oF with the o, +' N+A cluster model. This is
in progress and will be reported elsewhere.

To summarize, we have shown that the vibrational state
of alpha-cluster structure —higher nodal states —may be
found in ' F in the phenomenon of backward angle anomaly

10

FIG. 5. Comparison of the real and imaginary parts of our poten-
tial (solid lines) at E =24 MeV with those of Oeschler et al. (Ref.
11) (dashed lines).

in addition to that in Ne. Similarity between the higher
nodal states of ' F and Ne is found.

The numerical calculations were done at the Computer
Centers of Kyoto University and Osaka University.
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