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FIG. 2. Energy dependence of the spectroscopic factor extracted by BHMM and DWBA theories.

yield incorrect spectroscopic factors when ap-
plied to our model, and the values they give
when applied to real nuclei should be regarded
with due suspicion. The curious fact that both
theories give the same incorrect 8 at large ener-
gies remains unexplained. Further details of the
model, with additional applications to the study
of the behavior of the BHMM theory near S=1,
and two-step (d, P) reactions, will be published
elsewhere.
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Quartet states in Ne are preferentially populated in the reaction C(' C, o) Ne at
E~ ~ =5.7, 6.0, and 6.3 MeV. This may be due to o.'-particle doorway states having a
large overlap with quartet states in Ne. The interpretation of the correlated reso-
nances in the C+ C system as intermediate structure resulting from o.-particle door-12 i2

way states is supported by the results of the measurement reported.

Twelve years ago three marked resonances
were found in the excitation functions of the e,
P, n, and y yields of the reaction "C+"C just
below the Coulomb barrier. ' The resonances at

E, „, = 5, 7, 6.0, and 6.3 MeV were correlated
among all angles and exit channels. These ex-
perimental results have inspired a great number
of experimental and especially theoretical activ-
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ities. The first interpretation of these reso-
nances was based on the formation of a quasi-
bound ' C-"C molecule. This interpretation was
supported by the large reduced carbon width yz
compared with the single-particle width y, (yc/
y, = 14%).' The "C-"C molecule was considered
to be an intermediate step in the reaction mecha-
nism lying between entrance channel and com-
pound nucleus formation, being able to decay
either into the compound nucleus or back into the
entrance channel. For the formation of the
"C-"C molecule, different mechanisms were
reported by several authors.

Against this molecular hypothesis the following
objections, resulting from later experimental
investigations, can be made: (i) The continuation
of the resonance structure down to E, = 4 MeV"
with a spacing of less than 0.5 MeV excludes the
interpretation in terms of single-particle states
for any optical potential with a reasonable radius;
(ii) no resonance structure exists in the "C+ 'SC

system, "although resonances could exist within
the molecular hypothesis.

Michaud and Vogt" summarize some of the ob-
jections to the molecular hypothesis. In that pa-
per they came to the conclusion that C + C res-
onances are due to e-particle doorway states.
This interpretation is supported by the fact that,
besides the "C+"C system, only the "O+ "C
system exhibits such correlated resonance struc-
ture, ""i.e., only systems with 4n nuclei (dis-
regarding the single bump in the y yield of the
'4N+'~N system'~). Furthermore, this interpre-
tation accounts, at least qualitatively, for the
right spacing of the resonances observed in the

C+ C and C+ 0 sys
The present paper gives tentative evidence that

the n-particle doorway-state hypothesis is cor-
rect. The idea is that in the r eactions C + 2C

and C + 0p
exited state s of the residual nucl ei

with rather pure n-particle configuration should
be preferentially populated at the resonance en-
ergies if e-particle doorway states exist as as-
sumed by Michaud and Vogt. There are many
indications for the existence of excited states
with rather pure n-particle configuration (quar-
tet states) in light 4n nuclei, both theoretical-
ly' "and experimentally. ""'"

The reaction examined was "C("C,n)"Ne. The
measurement was performed in the energy range
of the three resonances reported in R f. 1. The
population of quartet states in the residual nucleus
"Ne was compared with the population of nonquar-
tet states having the same angular momentum and

parity. As quartet states we assumed both the
7.20-MeV 0' and the 7, 84-MeV 2' states, and the
6.72-MeV 0' and the 7.43-MeV 2' states. Where-
as the configuration of the two former states as
two o. particles outside a "C core is well estab-
lished, ""the interpretation of the two latter
states in terms of quartet states, as in the work
of Satpathy, Schmid, and Faessler, '4 is not so ob-
vious. These states are usually interpreted as
shell-model states with (sd)4 configuration on

account of their large cross sections in single-
nueleon" and two-nucleon" transfer reactions.
This interpretation is contradicted by the anom-
a,ious large e reduced width' of these sta, tes com-
pared with shell-model calculations. ' In a recent
Letter a significant admixture of (fp)4 configura-
tion has been suggested by Fortune, Middleton,
and Betts'4 to account for this large reduced e
width, This explanation supports the assumption
of a "O+ o. parentage for the "Ne states in ques-
tion, a configuration resulting in large n reduced
widths.

The measurement was performed at the Er-
langen EN tandem. n spectra of the reaction
"C("C,o.) "Ne were measured for several angles
in the energy range E, = 5. 5-6. 5 MeV (see Fig.
1). The g@b= 6' spectra were measured with a
surface barrier detector covered with a 12-pm
Al foil (to absorb the elastically scattered '2C

ions). The depletion depth was chosen so that
the protons gave only a small energy signal. o.

particles emitted at 8&b=25 and 65 had to be
detected with a hE Etelesco-pe (gas-flow propor-
tional counter with surface barrier detector) on
account of the relatively low energy of those e
particles belonging to the high-lying ' Ne quartet
states. The comparison between quartet and non-
quartet states should be made for about the same
c.m. angles. In the case of the L9&b=6 measure-
ments, the comparison can be made using the
same spectrum because the c.m. angles are near-
ly equal for all transitions in question. For the
0~= 65' spectra, the c.m. angles of the nonquar-
tet and the quartet states are symmetric to
6, = 90'. The comparison of these states is
possible because of the 90' symmetry of the cross
section of the "C-"C reaction. To compare the
quartet states measured at 6 ~ = 25' with the cor-
responding nonquartet states, an additional mea-
surement at 8&,b= 29.5' was made.

The self-supporting "C targets were about 10
to 15 p, g/cm' thick. The linear solid angle of the
detectors was about + 1.5'. Special care was tak-
en eoneerning the carbon contamination of the
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FIG. 1. &-particle spectra from the reaction C(
o)~ONe. The peaks on the left side of the spectra, la-
beled with the J values, correspond to transitions to
the quartet states in the residual nucleus Ne (the 3
state excepted). From right to left: the 6.72-MeV 0+,
7.20-MeV 0 (together with the unresolved 7.17-MeV
8 state), 7.43-MeV 2+, and 7.84-MeV 2+ states.
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FIG. 2. Excitation functions for transitions to some
of the assumed quartet states in Ne measured in the
energy range, where resonances are reported in Ref. l.
The excitation function for the transition to the 7.20-
MeV 0+ state includes contributions from the unresolved
transition to the 7.17-MeV 3 state.

targets by measuring simultaneously the ~C+ "C
elastic scattering.

Figure 2 shows some of the excitation functions
for transitions to the assumed quartet states in
"Ne. All excitation functions show resonances
at the resonance energies reported in Ref. 1.
These resonances could, in principle, be ex-
plained as statistical fluctuations, because the
compound nucleus ' Mg is highly excited in the
region of overlapping states (E„=20MeV). The
width of these states~' is comparable to the width
of the measured resonances. Large deviations
from a mean cross section are also not incon-
ceivable on account of the small damping coef-
ficients involved. A strong hint against this in-
terpretation, however, is the cross correlation
observed in the excitation functions measured.
In order to have further arguments against the
statistical interpretation of the resonances, we
have compared the c.m. yields for the transi-
tions to the quartet states assumed with those of
nonquartet states having -the same Jm assignment.
The statistical model predicts that the cross sec-

tions for any two excited states of the same spin
and parity (comparable excitation energies)
should Quetuate in a random way, with the result
that, on the average, their cross sections should
be comparable. In Fig. 3 cross-section ratios
are shown for the transitions to the quartet states
compared with transitions to the 0' ground state
(g.s. ) and the 2' first excited state of "Ne. These
ratios obviously show marked resonances at the
resonance energies of Ref. 1, demonstrating that
the selective population of the quartet states in
~ Ne must be explained in another way, not by
the statistical model.

We believe that the following interpretation of
the experimental results could be made: In the
"C+"C reaction n-particle doorway states arise
at the resonance energies E, = 5.7, 6.0, and
6.3 MeV. These doorway states are built up of' 0+ 2n and ' C+ 3e and have a large overlap
with the quartet states in "Ne having "0+a and
"C+ 2 o, parentages, respectively. From this
overlap, the selective population of the quartet
states in Ne at the corresponding energies is
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