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0+ STATE AT 6.24 Me V IN "Ne EXCITED BY THE REACTION '~O(~Li, t)"Ne *

W. Scholz, P. Neogy, K. Bethge, f and R. Middleton
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(Received 19 March 1969)

The reaction ~80(VLi, t) Ne has been studied at 12-Me V incident energy. A 0+ state at
6.24 Me V, which has been associated with the (4,4) representation of SU(3), is strongly
excited.

Previous work on the (~Li, t) reaction in light
nuclei at intermediate bombarding energies has
shown strong evidence for the direct nature of
this reaction. ' ' In addition, in the reaction
"0('Li, t)' Ne a selectivity was observed' such
that only the ground-state rotational band and
one negative-parity band were strongly populated.
These results, together with the applicability of
the SU(3) coupling scheme to nuclei at the begin-
ning of the 2s-1d shell, 4 ~ have given support to
the proposition that cluster-model states carry
representations of SU(3). In this Letter we re-
port on some results obtained from the reaction
"0('Li, t)"Ne, in particular, that a 0+ state at
6.24 MeV is strongly excited. We propose that
in the framework of the above-mentioned scheme
this state can be associated with a specific repre-
sentation of SU(3).

The reaction was studied using a 12-MeV 7Lis+

beam from the University of Pennsylvania tandem
accelerator. The targets were prepared by oxi-
dizing 50- to 70-pg/cm' calcium evaporated onto

100-pg/cm' gold with water enriched in 0" to
99.9%%d . Th eoutgoin g triton ewer eanalyze da t 23
angles ranging from 34 to 168-,"with the Univer-
sity of Pennsylvania multigap spectrograph using
nuclear emulsions to detect the tritons.

A triton spectrum measured at 11-,"is shown
in Fig. 1. The width of the groups (45 keV width
at half-maximum) is mainly due to target thick-
ness. Transitions to members of the "Ne ground-
state rotational band are weak compared with
transitions to levels above 6.24 MeV. Groups
arising from "C and '~O contaminants are indi-
cated by ' 00, ' Neo, and ' Ne, .

Angular distributions for triton groups corre-
sponding to transitions to the 0+, 2+, 4+, and 6+

members' "of the ground-state rotational band
at 0, 1.28, 3.34, and 6.35 MeV are shown in Fig.
2 along with distributions leading to states at
4.47 and 6.24 MeV. Because of kinematical
shifts only partial angular distributions could be
measured for the higher excited states. The ex-
perimental angular distributions are forward
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IoFIG. 1. Triton spectrum obtained from the reaction O(YI.i, t) Ne measured at a laboratory angle of 114'. The
inset in the upper right corner shows the results of a separate exposure for the lowest four states. Groups corre-
sponding to states in Ne are labeled according to the level excitation energy. Groups arising from 2t and ~~O

contaminants are labeled ~O and Ne, respectively.
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FIG. 2. Triton angular distributions measured from
the reaction 0( Li, t) 2Ne. The curves drawn are in-
tended to serve only as a guide to the eye. The angular
distributions shown are normalized to each other (note
change of scale from upper to lower row).

peaked and indicative of a direct alpha-particle
transfer. However, the distributions for transi-
tions leading to the members of the ground-state
rotational band mentioned above do not fall off as
rapidly at large angles as do their counterparts
in the reaction 'eo(TLi, t)' Ne, ' indicating a less
favorable ratio between direct and competing
nondirect capture processes. Never theless,
there is a good agreement in the position of the
first forward maximum for corresponding L val-
ues in the two reactions. Therefore, these tran-
sitions may be regarded to show the salient fea-
tures for the 'Li-induced direct capture of a spin-
less alpha cluster into orbits of angular momen-
ta L = 0, 2, 4, and 6 relative to the 0+ target nu-
cleus. The transition to the third excited state
at 4.47 MeV shows an L =2 stripping pattern and
thus confirms the previously9 suggested most
probable spin and parity assignment of J ~ =2+.
Of particular interest, however, is the angular
distribution of the strong transition to the 6.24-
MeV state, which shows an unambiguous L =0
pattern (Fig. 2). Thus the 6.24-MeV state can be
assigned J~ =0+. No excited 0+ state has been
found previously in 2 Ne, even though an exten-
sive search has been made up to 5.92-MeV exci-
tation energy. '~

It has been shown that the SU(3) classification
is a useful first-order approximation for the de-
scription of nuclei at the beginning of the 2s-ld
shell. ' Furthermore, it has been pointed out'
that cluster-model states carry certain repre-
sentations of SU(3). Therefore, the transfer of
a spinless alpha cluster will populate predomi-
nantly those states in the final nucleus which con-
tain a large fraction of these particular SU(3)
representations in their wave functions. Applied
to the reaction "0('Li, t)' Ne this yields the fol-
lowing results: Inasmuch as the ' 0 ground state
has a [2] supermultiplet character, the alpha-
cluster states in "Ne must belong to the [42] par-
tition. ' The cluster-model states associated
with the (Is)e(IP)"(2s, 1d)' configuration require
eight quanta of relative motion between the unex-
cited 0"nucleus and the alpha particle. In the
SU(3) model this corresponds to the (A, g ) = (8,0)
representation. Similarly, the '0 ground state
belongs predominantly to the (4,0) representa-
tion'&e and thus the SU(3) representations in "Ne
which can be carried by the cluster-model state
are obtained from the outer product~ of these two
representations (8,0)S(4,0) = (12,0)8 (10,1)I (8,2)
0+(6,3)$(4,4). The (12,0) and (10,1) representa-
tions, however, do not appear in the [42] parti-
tion, ' thus leaving only the last three terms of
the outer product. It should be mentioned that the
outer product implies no statement about the rel-
ative amplitudes of the (8,2), (6,3), and (4,4) rep-
resentations in the cluster-model state. For this
a more detailed calculation would be necessary
which is beyond the scope of this Letter.

In the SU(3) model the angular momentum
states belonging to representations with largest
values of A. + p, are expected to be lowest in ener-
gy. ' Furthermore, as shown by Elliott, ' these
states can be arranged in a way resembling that
of rotational bands. Thus, for "Ne the (8,2) rep-
resentation contains the ground-state rotational
band and a K =2+ band which starts with the 2+
state at 4.47 MeV. Because there can be no 0+
state in the (6,3) representation, ' ' we may con-
clude that the wave function of the 6.24-MeV 0+
state is to a large extent characterized by the
(4,4) representation. This would place the band-
head of the (4,4) representation about 6 MeV
above that of the leading (8,2) ground-state band
representation. A 0+ state has been predicted at
about 6 MeV in a calculation using a truncated
set of SU(3) wave functions as unperturbed basis. '
An analysis of the other strongly excited states
above 6.24 MeV is in progress and will hopefully
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shed more light on the structure of "Ne.
We wish to thank Dr. R. Dreizler for fruitful

discussions.
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Five excitation functions from 50 to 90' {c.m. system) for 0 -0 elastic scattering
can be accounted for by a nuclear molecular potential. The parameters of this poten-
tial are estimated from the two-nucleon potential in a model of the transient nuclear
matter state.

The classical optical model applied to Q'e-Q'e

scattering has proven to be deficient in several
respects. ' These calculations fail to reproduce
the extremely low cross sections seen in the val-
leys of the excitation function. The calculated
peak-to-valley ratios of the cross section are
much too small at energies above the Coulomb
threshold. The optical model also fails to pro-
duce the first peak seen at about 17 MeV. In par-
ticular, the deep valleys and the large peak-to-
valley ratios motivated an attempt to describe
the scattering in terms of an average nonmono-
tonic potential containing a short-range repul-

sion, which is the lowest approximation to the
general .1.'nlocal potential originating from the
Pauli principle. Applying the model of Kerlee,
Blair, and Farwell, the large peak-to-valley ra-
tios of the 90' excitation function could be repro-
duced in the energy range 20-26 MeV. '

In this note, we shall present an effective non-
monotonic potential describing the excitation
functions at 49.3', 60', 69.8', 80.3', and 90'
(c.m. ) in the energy range 10-22 MeV (c.m. ),
thus demonstrating that the low-energy data are
compatible with the concept of a "core." Further,
we develop a model to estimate important quan-
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