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The 12Cs12C,8Be+8Bed8Be reaction has been studied with 18 beam energies from 82 to 120 MeV. The
detection of four of the six final-statea-particles in an array of eight 16-element strip detectors permitted the
full reconstruction of the reaction kinematics.16O excitation energy spectra spanning 19–40 MeV were mea-
sured, which provided evidence for16O excited states up to 35.1 MeV. Angular correlation analysis indicates
the dominant spins are 6 and 8", possibly extending to 10" at the highest excitation energies. The resulting
energy-spin systematics are compared with the predictions of thea cluster model and cranked Nilsson-
Strutinsky calculations.
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I. INTRODUCTION

The study of nuclei at high excitation offers a consider-
able challenge. With exponential growth in level densities,
the single-particle spectrum becomes increasingly complex.
The study of decay channels which require the emission of
correlated particles can limit the spectral density and, more-
over, provide a signature for states with a special character,
e.g., a cluster structure.

The 16O nucleus has long been identified with
a-clustering, dating back to the earliest days of the subject
[1], and more recently descriptions of the various rotational
bands in terms of the geometric arrangements of the
a-particle constituents have been found[4]. The a cluster
model is, however, not the only model which provides an
effective description of this nucleus. Other approaches in-
clude the shell model approach, Hartree-Fock approaches
[2,3], and the cranked Nilsson-Strutinsky approach[5]. The
most exotic structures predicted by such models are those
described by 8p-8h configurations, which in thea-cluster
model limit corresponds to an elongateda-particle arrange-
ment. Such states are broadly predicted to exist close to the
4a-decay threshold, a region which has met with consider-
able interest due to the possible existence of states described
by a dilute gas ofa-particles[6].

The 8p-8h states might be expected to decay strongly to
the 8Be+8Be final state, the detection of which is a consid-
erable experimental challenge, given that such a decay pro-
cess results in four final-state particles. Nevertheless, there

has been some experimental progress in this direction.
Chevalieret al. [7] made a study of the12Csa ,8Bed8Be re-
action using two small silicon detectors to identify the8Be
decay. However, the advent of strip detectors has allowed
such multiparticle final states to be detected with far greater
sensitivity. Wuosmaa[8] made a measurement of the
12Cs12C,8Be+8Bed reaction which provided some limited
evidence for the decay of16O excited states, and, finally, a
measurement of the12Cs16O,4ad reaction has also been per-
formed [9].

However, the data on the8Be decay channel remain ex-
tremely limited, and to test structural models a far greater
survey is required. In the present paper, we present a com-
prehensive series of measurements of the12Cs12C,8Be
+8Bed reaction spanning16O excitation energies from
19 to 40 MeV.

II. EXPERIMENTAL DETAILS

The present measurements were performed at the Austra-
lian National University(ANU). The experiment was con-
ducted using the Charissa strip detector array located in the
MEGHA chamber[10]. The array was composed of eight
500 mm, 50350 mm2 Si strip detectors. These covered an
angular range ofulab=5° –60°, and an azimuthal angular
range ofDf<100 degrees on each side of the beam axis, as
shown in Fig. 1 of Ref.[11]. Each strip detector was divided
into 16 position-sensitive strips, with the position-sensitive
axis orientated towards the beam axis.

12C beams, with an intensity of 50 enA, and energies
ranging fromEbeam=82 to 120 MeV, were incident upon a
60 mg cm−2 12C target foil. The higher beam energies
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sEbeam.99 MeVd were obtained using the linear accelerator
in conjunction with the pelletron tandem 14UD accelerator.
Due to the large beam energies used and the limited detector
thickness, some events which produceda-particles with an
energy in excess of,32 MeV experienced punch-through
(i.e., thea-particles did not stop in the silicon detectors) and
thus only a fraction of thea-particle energy was deposited
within the detector. Such processes contributed to the overall
background levels observed at the higher energies. However,
the reconstruction methods employed in the analysis were
able to clearly distinguish the punch-through events, sup-
pressing this contribution. The corresponding loss of accep-
tance was accounted for using the Monte Carlo simulations
of the reaction and detection processes. The energy response
of the detection system was calibrated using elastic scatter-
ing of 12C ions from both197Au and12C targets.

III. ANALYSIS AND RESULTS

The large angular coverage of the detection system and
the high segmentation is ideally matched to high multiplicity
final states and provides a very effective filter of such reac-
tion processes. In the case of the12Cs12C,16O* →8Be
+8Bed8Be a-transfer reaction, the final state naturally con-
sists of 6a-particles given that all the low-lying states in8Be
are unbound toa-decay. However, it is possible to recon-
struct the complete reaction process through the detection of
only four of the six particles. The measurement of the energy
and angle of each detected particle, coupled with an assump-
tion that such events correspond to the detection of mass 4
nuclei, allows the reconstruction of the momentum and thus
energy of the unobserved8Be recoil.

However, the first stage in the analysis was to reconstruct
the relative energies of pairs of particles to determine if two
8Be nuclei were produced in the final state. Thea-a relative
energy is given by

Erel =
1

2
muva1 − va2u2, s1d

where va1,2 are the vector velocities of the two selected
a-particles andm is their reduced mass.

The result of this reconstruction is shown in Fig. 1.
There is a strong peak at 96 keV, with a full width at half

maximum(FWHM) of 38 keV, which would correspond to
the decay of the8Be ground states92 keVd. The close corre-
spondence between the measured energy and the calculated
decay energy taken together with the narrow peak width is an
indication that all eight of the detector responses are well
matched and accurately calibrated.

This unambiguous signature for the decay of the8Be
ground state was used to select events in which two pairs of
the four particles corresponded to the decay of two8Be
ground states. This was done by calculating the relative en-
ergy for every combination of two particles and then deter-
mining if the relative energy was within the peak shown in
Fig. 1. Following the identification of the decay of two8Be
nuclei, it is possible to apply the principles of momentum
conservation to deduce the momentum, and thus energy

sErecoild, of the unobserved recoil, assuming that the recoil
was produced as a single entity, as would be expected in an
a-transfer reaction.

The total energy spectrum is calculated as

Etot = Ebeam− Erecoil − o
i=1

4

Eai s2d

and is shown plotted in Fig. 2. The Q-value for the
12Cs12C,4ad8Be reaction is −14.637 MeV, and thus for a
beam energysEbeamd of 116.4 MeV the8Be recoil ground
state should appear at 101.76 MeV. The highest-energy peak
in the present spectrum appears at 102.6 MeV, i.e., within
1 MeV of that calculated. The magnitude of this discrepancy

FIG. 1. The relative energy spectrum for pairs of hits for mul-
tiplicity 4 events, calculated assuming all four detected particles
haveA=4.

FIG. 2. The total energy spectrum corresponding to the
12Cs12C,4ad8Be reaction, gated on two pairs of the four detected
a-particles being produced from the decay of8Begs. The present
spectrum corresponds to a beam energy of 116.4 MeV.
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was typical across the range of beam energies performed in
these measurements. Given that the calibration was per-
formed with12C ions rather thana-particles, such uncertain-
ties in the calculated energies are reasonable. The recon-
structed total energy resolution extracted from the width of
the highest energy peak is 1.66 MeV.

A further peak is evident at an energy of 2.8 MeV lower
in total final-state energy, which would correspond to the8Be
first excited state(3.1 MeV, 2+), and there is some evidence
for the 11.35 MeV, 4+, state close to a total energy of
91 MeV. The total energy spectrum thus demonstrates that
the 12Cs12C,16O* →8Be+8Bed8Be reaction is observed in the
present data.

A. 16O excitation energy spectra

By selecting the events lying within the highest-energy
peak in the excitation energy spectrum, a 38Begs final-state
results. The16O excitation energy spectra corresponding to
the decay into the two detected8Be nuclei were then recon-
structed. The majority of these events correspond to the two
8Be nuclei being detected on opposite sides of the beam axis,
in other words small16O center-of-mass emission angles.
The resulting excitation energy spectra are shown in Fig.
3–5, and have been normalized for the target thickness, beam
exposure, and detection efficiency. The excitation energy
spectra corresponding to events leading to the decay of16O
into one of the detected8Be nuclei and the undetected8Be
were reconstructed, but these showed minimal evidence for
16O excitations.

The detection efficiencies were calculated based upon the
energy and angular acceptances of the detection system and
using Monte Carlo simulations of all stages of the reaction
process leading to the production of the foura-particles. The
particles produced in the decay process were simulated using
isotropic emission whilst the primary angular distribution
governing the emission of the excited16O nucleus was as-
sumed to be exponential in form in the center-of-mass sys-
tem. The detection efficiencies rose from 0% at 14 MeV ex-
citation energy to 10–15 % at 20 MeV, falling to 3–5 % at
an excitation of 40 MeV. The efficiency profiles were a
smooth function of excitation energy, and thus structure in
the excitation energy spectra cannot be attributed to their
behavior.

The excitation energy spectra extend from the decay
threshold at,15 MeV up to,40 MeV and show a structure
which evolves strongly with the center-of-mass energy of the
target-projectile system. At lower center-of-mass energies,
the lower excitations are emphasized, whilst the highest-
energy states are most prominent for the largest collision
energies. The spectra are clearly complex, but the dominant
features remain remarkably constant in excitation energy as a
function of beam energy. For example, the peak observed at
23.6 MeV in the majority of the spectra shifts by less than
200 keV (each data bin being 200 keV wide) from beam
energies ranging from 82 to 106 MeV. This indicates that
there are few residual dependencies in the calibrations of the
detectors which affect the excitation energy spectra.

A closer look at the spectra indicates that the prominent
excited states appear at energies of 17.7, 20.0, 21.2, 23.6,

FIG. 3. The16O excitation energy spectra reconstructed from
decays to8Be+8Be for beam energies 82–93 MeV.

FIG. 4. The16O excitation energy spectra reconstructed from
decays to8Be+8Be for beam energies 96–108 MeV.
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(25.0), 27.6, 28.8, 31.1, 32.6, and 35.1 MeV. The 17.7 MeV
is observed as a shoulder in most of the spectra in Fig. 3, and
is most clearly observed in theEbeam=93 MeV data. The
20.0 and 21.2 MeV peaks appears as a doublet again in Fig.
3 and notably the relative strength of the two states changes
with beam energy. The 23.6 MeV peak is observed strongly
in most spectra and appears to have a high-energy shoulder
at 25.0 MeV, particularly evident in theEbeam=88 MeV data.
There are probably a number of states contributing between
26 and 29 MeV, but theEbeam=86 and 93 MeV data suggest
peaks at 27.6 and 28.8 MeV. Finally all of the higher beam
energy spectra show a strong peak at,31.5 MeV, but the
shape of the peak in many of the spectra, e.g., theEbeam
=104, 106, and 108 MeV data, suggests that this may be an
unresolved doublet with peaks at 31.1 and 32.6 MeV. Fi-
nally, in the 120 MeV data there is a strong peak at
35.1 MeV which has gradually grown in intensity with in-
creasing beam energy.

An upper limit for the excitation resolution may be judged
from the width of the 23.6 MeV state, which has a width of
1.2 MeV. It would appear that the natural widths of states are
less than this in most cases. This resolution is dominated by
the precision with which it is possible to measure the posi-
tion of the incident particles in the silicon strip detectors,
0.5–1 mm depending on the incident energy. Given this
resolution and the changing peak profiles, the data suggest
that the full complexity of the excitation energy spectra is not
revealed here, and higher-resolution measurements would be
of benefit.

B. Angular correlations

Given that both the initial and final states contain exclu-
sively spin zero particles, then it is possible to utilize the
technique of angular correlations to extract the spins of the
observed states[12]. Furthermore, since the decay is into two
identical spin-zero bosons, the present spectrum of states
must be limited to even spin and even parity.

In the present reaction, there are two center-of-mass sys-
tems, that corresponding to the12C+12C→16O* +8Be
a-transfer reaction, which may be described in terms of the
two anglesu* and f*, and the second being the subsequent
decay into two8Be nuclei, described by the anglesc andx
(as detailed in Ref.[12]). The anglesu* and c are the polar
angles measured with respect to the beam axis and measure
the center-of-mass emission angle of the16O ejectile and the
inclination of the8Be+8Be relative velocity vector.

Typically, for reactions involving spin-zero initial- and
final-state particles, the number of reaction amplitudes is
small and the correlations observed between the two angles
u* and c take the form of a sloping ridge pattern. The peri-
odicity of the ridges is described by a Legendre polynomial
of order of the spin of the decaying state, i.e.,PJscoscd. As
the dominant orbital angular momenta in the reaction are
those corresponding to grazing trajectories, the gradient of
the ridges is given by the ratio of the exit channel grazing
angular momentum to the spin of the state populated,

Du*

Dc
=

J

l f
=

J

li − J
, s3d

wherel i and l f are the initial- and final-state grazing angular
momenta. If the “stretched” configuration dominates, which
is typically the case for such reactions(see[12] and refer-
ences therein), then the entrance and exit channel angular
momenta can be related via the expressionl f = l i −J.

The angular correlations therefore provide two signatures
of the spin of the decaying16O state. The periodicity yields a
value forJ, which should correlate with that extracted from
the ridge gradient, assumingl i is known. In addition, the
value of J extracted from the periodicity should provide a
consistent value ofl i for all of the correlations. Figures 6–10
show the projection of the two-dimensionalu* -c correla-
tions, along the ridge locii, onto theu* =0, c axis. The angle
of projection is selected that maximizes the peak-to-valley
ratio. In this way, the periodicity of the correlations can be
compared with the functionsPJscoscd in order to extract the
spin J of each states.

Figure 11 shows the sum of all of the excitation energy
spectra for the 18 beam energies without efficiency correc-
tion. Also displayed are the 12 data bins(labeled A–L) for
which the angular correlation data were analyzed. Typically,
the correlation phase space was much larger in the case of
the lower beam energies and thus the range inc was more
extensive. The phase space is limited by the angular accep-
tance of the detectors and the detection energy limits, includ-
ing punch-through effects. This modifies the intensity varia-
tion of the projected correlations as a function ofc, but not
the periodicity of the correlation pattern.

FIG. 5. The16O excitation energy spectra reconstructed from
decays to8Be+8Be for beam energies 110–120 MeV.
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In order to enhance the statistical significance of the data,
the correlations from ranges of beam energies were com-
bined as follows: (82,84), (86,88,90), (93,96,99),
(102,104,106), (108,110,112), and (114,116,118,120). In the
case of the correlations corresponding to bins A and B, no
strong pattern could be discerned and thus no angular mo-
mentum information could be extracted. For the data bins
C-K, the correlation structure was clear and unambiguous
spin assignments could be made(see Table I). In all cases,
identical spins were extracted for at least three of the beam
energy combinations shown above.

As noted above, the projection angle, i.e., the gradient of
the correlation pattern, may be used to extract the entrance
channel grazing angular momentum,l i. The uncertainty in
the extraction of the gradient of the correlation pattern thus
leads to an uncertainty in the corresponding value ofl i of
±1". Given this uncertainty, all of the grazing angular mo-
menta extracted for each beam energy combination agree
within this limit. The mean values ofl i for the various beam
energies are shown in Table II. As expected, there is a sys-
tematic increase in the values ofl i with increasing beam
energy.

Finally, the correlation for the 35.1 MeV(data bin L) state
appears to be systematically different from that of the neigh-
boring 8+ states, but the statistics and phase space are much
more limited, the latter particularly for the higher beam en-
ergies. In this instance, the data from all beam energies have

been combined, and in order to nullify the fact that the gra-
dient changes as a function of the collision energy, only data
within the region 0ùu* ù3 have been used in the analysis
of the periodicity of the correlation pattern. The result is
shown in Fig. 10(b). The structure indicates that the state
may possess a spin ofJ=10, particularly the enhancement
close toc=122 degrees.

IV. DISCUSSION

The present data permit an analysis of the energy depen-
dence of the excitation process. There are three prominent
peaks in the excitation energy spectra:(i) at 20.6 MeV cor-
responding to the 20.0 and 21.2 statess6+d, (ii ) the 23.6 MeV
states8+d, and(iii ) the peak at,32 MeV, corresponding to
the 31.1 and 32.6 MeV statess8+d. The lowest-energy peak
of these three has maximum intensity between the beam en-
ergies of 82–90 MeV, the second peak has maximum
strength for 88–90 MeV, and the third peaks at the highest
beam energies. There have been comprehensive studies of
resonances in the12C+12C system at high center-of-mass
energies both through the12C+12C entrance channel[11] and
indirectly via reactions such as12Cs16O,24Mg→12C+12Cd
[13]. These indicate that the last strong resonance in this
system lies at a center-of-mass energy of 43 MeV and has
been identified with a spin and parity of 22+. It is interesting

FIG. 6. The projected angular correlations for the two states at
(a) 20.0 MeV and(b) 21.2 MeV, corresponding to the gates in Fig.
11 C and D, respectively. The data correspond to the summed data
for the beam energies 82 and 84 MeV. The experimental data are
shown compared with Legendre polynomials of order 6, and thus
indicateJ=6 assignments.

FIG. 7. The projected angular correlations for the two states at
(a) 23.6 MeV and(b) 25.0 MeV, corresponding to the gates in Fig.
11 E and F, respectively. The data correspond to the summed data
for the beam energies 86–90 MeV for(a) and 82 and 84 MeV for
(b). The experimental data are shown compared with Legendre
polynomials of order 8, and thus indicateJ=8 assignments.
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that both of the two lower-energy peaks described above
have an energy dependence which indicates an enhancement
close to this energy, and, furthermore, the extracted value of
l i s20.9±1"d is similar to the spin of the resonance.

However, optical model calculations indicate that the
grazing angular momenta at 82, 102, and 120 MeV are 22,
24.5, and 26", respectively, in rough agreement with those
shown in Table II, and estimates of the angular momentum
transferred by ana-particle at the grazing radius indicate that
at the three beam energies,l transfer=5.7, 6.4, and 7.0", i.e.,
increasing by 1 to 1.5 units. In addition, calculations of the
variation of the angular momentum mismatch between en-
trance and exit channels as a function of beam and excitation
energy indicate that for a mismatch of eight units of angular
momentum at a beam energy of 82 MeV, the optimal16O
excitation energy is 23.5 MeV, and at 120 MeV this in-
creases toExs

16Od=28.4 MeV. This, taken together with the
increased center-of-mass phase space at the higher beam en-
ergies, may explain the shift from low spins at low16O ex-
citation energies to higher spins at correspondingly increased
values of excitation.

It would thus appear likely that the energy dependence is
dominated by the dynamics of thea transfer process, rather
than the existence of intermediate resonances in the24Mg
nucleus, which then decays via8Be emission.

There are a number of earlier studies of the
12Cs12C,16O*d8Be reaction in the excitation energy range

covered here, and these have tended to focus on thea-decay.
For example, the studies of Sanderset al. [14] found a reso-
nance at 22.5 MeV which was tentatively assigned a spin of
8, though 6 could not be excluded. An extremely comprehen-
sive correlation analysis was reported by Raeet al. [15]
which failed to find any 8+ strength at 22.5 MeV, but rather
close to 30 MeV, and there were indications of some very
weak 10+ strength at the upper excitation energy limit of the
measurement, i.e., 32.5 MeV. The majority of the strength
between 21 and 29 MeV was found to be dominated by
negative-parity states 7− and 9−. This latter reference pro-
vides a very useful summery of thea-decay of16O in the
excitation energy range 13–33 MeV.

The agreement between these earlier studies and those
presented here is not strong. Thea-decay channel does ap-
pear to possess some 8+ strength close to an energy seen in
the 8Be decay here, and the proposed 10+ strength seen at
32.5 MeV may be related to the 10+ state in the present data,
though the agreement is not convincing.

In the case of the8Be decay channel, there are two mea-
surements of note: a study of the12Csa ,8Bed reaction by
Chevalieret al. [7] and the12Cs16O,4ad reaction[9]. The
first of these assigned spins and parities to the states at
16.95 MeV s2+d, 17.15 MeV s2+d, 18.05 MeV s4+d, and
19.35 MeV s6+d. A later search for an 8+ resonance[16]
using the same reaction was unsuccessful. Finally, the study
of the12Cs16O,4ad reaction[9] found evidence for16O states

FIG. 8. The projected angular correlations for the two states at
(a) 27.6 MeV and(b) 28.8 MeV, corresponding to the gates in Fig.
11 G and H, respectively. The data correspond to the summed data
for the beam energies 82–84 MeV for(a) and 86 and 90 MeV for
(b). The experimental data are shown compared with Legendre
polynomials of order 8, and thus indicate dominantJ=8
contributions.

FIG. 9. The projected angular correlations in the vicinity of the
31.1 MeV peak corresponding to the gates in Fig. 11(a) I and (b) J.
The data correspond to the summed data for the beam energies
82–84 MeV for(a) and 86 and 90 MeV for(b). The experimental
data are shown compared with Legendre polynomials of order 8,
and thus indicateJ=8 assignments.
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at 17.1 and 17.5 MeV withJp=2+, 18 MeV sJp=2+/4+d,
19.3 MeV 4+, and finally 21.4 MeV, which was tentatively
assigned a spin of 6. These results are shown in Table I.

It is apparent that there is little agreement between the
present studies and those done previously which have exam-

ined the8Be decay channel. This is mainly related to the fact
that the present yield falls significantly in the low excitation
energy region. However, the 21.2 MeV 6+ state in the
present measurement does appear to confirm the tentative
assignment made for a 21.4 MeV state in Ref.[9]. However,
the sum total of these measurements now provides an insight
into the evolution of 8p-8h states with increasing excitation
energy. Figure 12 presents the cumulative energy-spin sys-
tematics of8Be decaying16O excited states.

Also shown are thea cluster model(ACM) [4] calcula-
tions for the linear and kite(bothK=0 and 2) configurations
and cranked Nilsson-Strutinsky(CNS) (8p-8h) [5] calcula-
tions. Given the nature of the decay process, some sensitivity
to 8p-8h excited states might be expected. Indeed, the lower
excitation energy trend in the data appears to be well repro-
duced by both the ACM and CNS calculations. And given
that not absolute excitation energies, but rather trends with
increasing angular momenta, tend to be predicted by such

FIG. 10. The projected angular correlations for the two states at
(a) 32.6 MeV and(b) 35.1 MeV, corresponding to the gates in Fig.
11 K and L, respectively. The data correspond to the summed data
for the beam energies 93–99 MeV for(a) and all data for(b) but
selecting only data close tou* =0. The experimental data are shown
compared with Legendre polynomials of order 8 and 10.

FIG. 11. The summed16O excitation energy spectra recon-
structed from decays to8Be+8Be for beam energies 82–120 MeV.
The vertical lines indicate the limits used in the angular correlation
analysis, with the intervals analyzed being labeled by the letters
A–L.

TABLE I. Properties of excited states in16O from the present
analysis, and those from the12Csa ,8Bed [7] and 12Cs16O,4ad [9]
studies. The uncertainty in the excitation energy in the present data
is ,200 keV.

Present 12Csa ,8Bed 12Cs16O,4ad

Ex Jp Ex Jp Ex Jp

16.95 2+

17.15 2+ 17.1 2+

17.7 17.5 2+

18.05 4+ 18.0 2/4+

19.3 4+

19.35 6+

20.0 6+

21.2 6+ 21.4 s6+d
23.6 8+

(25.0) s8+d
27.6 8+

28.8 8+

31.1 8+

32.6 8+

35.1 s10+d

TABLE II. The grazing angular momenta,l i, extracted from the
correlation analysis.

Ebeam

(MeV)
l i

s±1"d

82–84 19.1

86–90 20.9

93–99 22.6

102–106 23.4

108–112 23.7

114–120 26.5
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models, a displacement of the band to higher energy might
indicate that the lowest-energy 8+ states might form the con-
tinuation of the 8p-8h band. This trend may predict the ex-
istence of a 10+ state close to 27 MeV; no evidence for such
an excitation could be found in the present data. Possibly
improved excitation energy resolution could allow such a
resonant state to be observed.

It is also clear that several of the resonances cannot be
explained by the 8p-8h bands, in particular the 8+ states close
to 32 MeV and the proposed 10+ state at 35.1 MeV. It is
possible that these are associated with the extension of bands
associated with more compact configurations.

One feature which is apparent, particularly in Fig. 11, is
that there are no further narrows,1–2 MeVd resonant struc-
tures at excitation energies in excess of 36 MeV. We note

that the experimental excitation energy resolution scales as
ÎEx−Ethresh, whereEthresh=14.43 MeV. Thus, the increase in
the experimental contribution to the peak width betweenEx
=35 and 45 MeV is only 22%. Thus, if the states observed
here are associated with rotational bands, then the bands ap-
pear to terminate at 35.1 MeV with a possible spin of 10+.

V. SUMMARY AND CONCLUSIONS

A study of the12Cs12C,16O* →8Be+8Bed8Be reaction has
been performed with beam energies from 82 to 120 MeV. A
large array of strip detectors permitted the detailed recon-
struction of the reaction process, in particular the excitation
energies and spins of the excited16O states. Evidence is
found for excitations up to 35.1 MeV with spins of up to
10 ". Beyond these excitation energies, no further evidence
for resonances is found. The energy-spin systematics of
many of the states appear to follow the trend found for 8p-8h
bands in both thea cluster model and cranked Nilsson-
Strutinsky calculations. However, these models do not pro-
vide a complete description, and alternative structures may
describe many of the observed states. The absence of the
states observed in the present measurements in the reported
a-decay [15] channel would suggest that the asymptotic
single-particle configurations are nevertheless 8p-8h in char-
acter. The full complexity of the16O spectrum is not revealed
here, and measurements provide enhanced excitation energy
resolution. This could be achieved by improvements in the
precision with which the emission angles of the decay prod-
ucts are determined.
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FIG. 12. The energy-spin systematics of16O excited states de-
caying by8Be emission, from the present data and Refs.[7,9]. The
uncertain state at 25.0 MeV and tentative spin assignment for the
35.1 MeV peak are represented by the open squares. Thea cluster
model calculations[4] for the chainK=0 (solid-line), kite K=0
(dashed-line) and K=2 (dotted-line), and cranked Nilsson-
Strutinsky calculations[5] for the 8p-8h configuration(bold solid-
line) are indicated.
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