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K. T. R. Davies and B.J. McCarthy, Phys. Rev. C 4,
81 (1971). This paper contains an extensive set of ref-
erences relating to Brueckner-Hartree-Pock calcula-
tions and to occupation factors. From this work we see
that the modification of the occupation probabilities due
to short-range correlations is only weakly orbit depen-
dent

%'e are assuming that the matrices y& &
and

e,,, =t, , +Q &Aj ~x~lj ') y, ,

may be simultaneously brought to diagonal forxn. The
exact result is C& =+„e&g I, &, in Ref. 3 it is shown that
the ngatmx product ~ y may be brought to diagonal form.
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The reaction C( N, Li) Ne was studied at 60 MeV and forward-angle reaction data to
states of ONe were obtained. Different rotational bands were populated with different
strengths consistent with cluster transfer processes. The previously questioned struc-
ture of the K'=0 bands starting near 7 MeV is discussed and a new classification for the
bands is proposed,

Studies of transfer reactions using heavy ions
have become increasingly of interest. In this I et-
tex, the eight-nucleon transfer reaction leading
to states in ' Ne is reported. This nucleus is of
special interest j.n the testing of many nuclear
stx'ucture models and has been the subject of a
great deal of study. "

The lower xotational bands of 'ONe have been ex-
tensively studied. However, while the structure
of the K=0' bands starting neax' 7-MeV excitation
has been the subject of much theoretica, l interest,
little experimental data exist which provide evj. —

dence in deter mining their characteristics.
Because of the expected collective nature of

these states they can best be investigated by clus-
ter transfer reactions. The o transfer reactions,
"0('Li,d)"Ne and ' 0('Li, f) Ne, have provided
vital information about these states. These reac-
tions excite levels having four particles coupled
to an "0 core. More complicated states such as
those having holes in the 1P shell are expected to
be excited by the transfer of eight nucleons to "C.
Therefore, the reaction "C("N, 'Li)"Ne was stud-
ied. A similar experiment has been recently re-
ported by Marquardt et aE. , but little analysis
wa.s made by those authors.

A N beam was obtained from the Brookhaven
tandem facility using a dix'ect-extraction negative-
ion source. The incident energy was 60.0 MeV,
and a beam of about 1 p, A char ge cux'rent was util-
ized. A nominal 20-p, g/cm' natural carbon target
was used. The 'Li spectxa were obtained using a
conventional AE-E solid-state counter telescope
having an angular resolution of 0.5'. The pa, rticle
identification and energy calibration was checked
by observing recoil 'I i from a 'I i target. The
overall laboratory energy resolution was about
300 keV. Spectra were obtained at laboratory an-
gles of 11.0', 15.0', 20.0', 25.0', 30.0', and 40.0 .
The 20.0' spectrum is shown in Fig. 1 where the
peaks are identified by their excitation energies
and 0 's. An absolute cross-section scale accu-
rate to about a factor of two was determined„ for
example, the center-of-mass cross section of the
1.63-MeV (2') level at 20.0' (see Fig. 1) was 11
lib/sr.

In the present reaction we expect the mechanism
to be dominantly a direct process. Experimental-
ly this assumption is supported by the observa, -
tion of the smaller yield of I i relative to I i by
about a factor of ten, ' while a ratio of the decay
strengths from the compound state ln Al ls cal-
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in genera, w ~e inl, h' h
' turn is- a function of angle.

Therefore, o, R d es not exactly correspond to a
transition strength; but with a lack of reaction-
mechanism theory, this quantity should be of in-
terest. We have calculated experimental values
of R for the analyzable peaks by approximating i

culated to be about 2 (l = 0 decay) to 5 (l = 10 de-
cay) using Coulomb penetrabilities with Wigner
l' t for their reducea widths. Also the angular
distributions were observed to be forwar pea e
consistent with ordinary direct processes. The
general features in the present data are very sim-
ilar to the reaction data of Ref. 4, while the inci-
dent energies were 60 and 52 MeV, respectively.
Furthermore, such a relatively large cross sec-
tion for e ~, if th (' N 'Li) reaction would be difficult
to understand if the reaction was mainly com-
pound, since a simple statistical argument should
give an extremely small probability for the com-
pound system decay into 'Li plus "Ne.

In the absence of a theoretical treatment of the
reaction mechanism, we have analyzed the data
to obtain transition strengths by the following pro-
cedure. In general, the differential cross section
can be written as

R =+~ sing,
d(Y

kf dQ

where the summation extends over the six mea-
sured angles. The values obtained correspond to
the strengths in the forward direction, thus pre-
cluding major contributions from the process in

'nce thewhich a 'Li transfers from "C to N. Since e
spin stat' tieal factor has not been taken out of
R, it is interesting to compare R wit f l't 2J +1 al-
though spin dependence in T destroys the exact
meaning of the procedure. It should also be men-
t' d that this procedure does not preclude axone

e2Jcompound mechanism, but deviation from the
+1 rule indicates the different structure involved
in residual states. This comparison is shown in
Fig. 2. The predicted 2J&+1 strengths are drawn

to the 4.25-as rectangular histogram s normalized
MeV state; the previously known band classifica-

1tion is also shown.
The following is observed. The ground-state

band is populated almost exactly with strengths

o ~k 1
dQ k; 2J;+1

where the notation is standard. The quantity R
defined by

R -=(k, /k~) f(do/dQ)dO

represents the integrated cross section with the
m omentum phase-space factor taken out. The

iu ',. ktransition amp i ulitude T is a function of k,. and
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thJ'FIG 1 Energy spectrum at 20.0 . PeaksPeaks are ident' ie wx e pii' d 'th th reviously known excitation energies with J s.0 0

knowin that for the 1.63- e s e-M V tate (11 JJb /sr in center-of-massThe absolute cross sections can be calculated by
'

g
cross section) .
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Flo. 2. Extracted strength B and the rotational band classification. Points are the experimentally obtained g's,
while histograms correspond to 2Z&+1 values normalized at the 4.25-MeV state Stren.gths for the states at 5.62,
5.80, 7.02, 7.17, 7.84 MeV were taken from. Ref. 5. The 7.17- and 7.20 MeV states are still unresolved. We sug-
gest djLfferent classifications for the upper K= 0 bands as described in the text.

propoxtional to 2Z&+ j. , suggesting that the proce-
dure is justified. The K=2 (4.97-MeV) band is
populated in the same fashion but possibly with
slightly weaker strengths. In the K= 0 (5.80-MeV)
band, the 10.30-MeV (5 ) member was weakly ex-
cited although the 5.80-MeV (1 ) and 7.17-MeV
(3 ) members have stronger strengths. The K=O'
(6.72-MBV) band population is strong~ while the
K = 0' (7.20-MeV) band is weakly populated. In
particulax, the 4' state at 9.99 MeV wa, s weakest.
The weakly populated state at 1 j..03 MeV is also
4+ and it may belong to this band. A part of the
result shown (the unresolved peaks at 5.63, 5.80,
7.02, 7.17, and 7.43 MeV) were extracted incor-
porating a high-resolution expex'iment. '

The shell-model ca,lculations' show that the
ground-state band belongs to the SU(3) classifica-
tion (8, 0), which contains a large probability of

e clusters. The strong population for this band,
thex'efox'e, is easily explained. The calculation
also predicts a, K = 0' excited band belonging to
the (sd) configuration starting at about 7-MeV
excitation. Since this band contains largely the
SU(3) symmetry (4, 2) and this symmetry has very
little pxoba. bility of n clustexs, the members of
this band can be excited by neither the o, transfer
reaction on O nox' by the two-a transfer reac-
tion on '2C. On the other hand, eight-pa. rticle,
four-hole (Bp-4h) states can be excited by trans-
ferring two e's to "C, while they are not excited
by transfex ring one e to 'O. Several theoretical
eonsiderations2'6' predict the 8p-4h states with
a 0' band head at about 7 MeV. According to the
SU(3) model, the most deformed 8p-4h states be-
long to the representation (8, 8), which contains
K=0+, 2+, ~ ~ ~, 8'. It might be expected that the
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K= 2' band can also be excited by the two-e trans-
fer reaction on "C. The present result strongly
suggests that the 9.08-MeV (4') and 12.19-MeV
(6') states belong to the 8p-4h K = 0' band. The
indication of the 0' and 2+ states of this band,
however, is not conclusive. It has been suggest-
ed recently' from the study of the reaction "C("C,
n)20Ne together with the previously known n-par-
ticle widths that the 6.72-MeV (0') and 7.43-MeV
(2') states belong to the (sd) configuration, and

7.20-MeV (0') and 7.84-MeV (2') states are the
members of the 8p-4h K= 0' band. The 9.99-MeV
(4') state has a very small yield, which indicates
that this state also has the configuration (sd)'.
The 11.03-MeV (4') and 13.94-MeV (6') states
were populated, though the strengths were mod-
est. It is worth mentioning that the calculation by
Arima and Strottman' predicts the 8p-4h K=2'
band in this energy region.

The excitation of the K=2 band built on the
4.97-MeV (2 ) state is clearly observed in the
present reaction. In this band, every other state
has unnatural parity and thus can be populated by
transferring an excited 'Be" (2'). The levels
with natural parity, on the other hand, can be ex-
cited by transferring 'Be in the ground state and/
or in the 2' excited state. The difference should
explain why excitations of the 2 and 4 states
are relatively weaker than those of the 1 and 3
states. '

The K=O band built on the 5.78-MeV (1 ) state
is usually assumed to have the SU(3) symmetry
(9, 0) in which three nucleons are in the (sd) shell
and the fourth nucleon is in the (Pf) shell. If this
interpretation is correct, the population of this
band should be as strong as that of the ground-
state band in the one- and two-n transfer reac-
tions. In fact, the o. transfer reaction on "0

demonstrated such characteristics. ' It was, how-

ever, observed here that the present reaction ex-
cited this band weakly; in particular, the popula-
tion of the 10.30-MeV (5 ) state was extremely
small. This is inexplicable and remains for fur-
ther theoretical and experimental studies.
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The reaction C( O, p) Al has been studied at Ei~b(, O) =96 and 60 Mev with high reso-
lution. Narrow levels of Al are seen in the region of E„=13 to 20 MeV in both measure-
ments, and their locations suggest that the reaction is selectively sampling high-spin
states in the region of the yrast line.

In this Letter we report the existence of narrow
levels at high excitation in "Al seen with the re-
action "C("0,p)"Al, which suggests that this

type of reaction may be an effective tool to re-
veal new and unusual nuclear-structure informa-
tion. The results are part of a wider program of
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