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The *2c(*?C ,2Be+®Be)®Be reaction has been studied with 18 beam energies from 82 to 120 MeV. The
detection of four of the six final-state-particles in an array of eight 16-element strip detectors permitted the
full reconstruction of the reaction kinematid§O excitation energy spectra spanning 19—40 MeV were mea-
sured, which provided evidence fSiO excited states up to 35.1 MeV. Angular correlation analysis indicates
the dominant spins are 6 andi8 possibly extending to 18 at the highest excitation energies. The resulting
energy-spin systematics are compared with the predictions ofatlvduster model and cranked Nilsson-
Strutinsky calculations.
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I. INTRODUCTION has been some experimental progress in this direction.

H 8 8
The study of nuclei at high excitation offers a consider-Ch',ava“er.et al. [7] made a study of théZC(al, Be). B?ﬁi’
able challenge. With exponential growth in level densities2ction using two small silicon detectors to identify

the single-particle spectrum becomes increasingly compleﬂecay' However, the advent of strip detectors has allowed

The study of decay channels which require the emission opuch multiparticle final states to be detected with far greater
correlated particles can limit the spectral density and, moreS€NSitivity. Wuosmaa[8] made a measurement of the
C(*?C,®Be+°Be) reaction which provided some limited

over, provide a signature for states with a special character, - i )
e.g., a cluster structure. evidence for the decay dfO excited states, and, finally, a

The 10 nucleus has long been identified with measurement of th#C(*0, 4a) reaction has also been per-

a-clustering, dating back to the earliest days of the subjectormed([9]. _

[1], and more recently descriptions of the various rotational However, the data on thiBe decay channel remain ex-
bands in terms of the geometric arrangements of théemely limited, and to test structural models a far greater
a-particle constituents have been foup]. The a cluster ~ SUrvey is required. In the present paper, we present a com-
model is, however, not the only model which provides anPrehensive series of measurements of te(*’C,’Be
effective description of this nucleus. Other approaches in¥°Be) reaction spanning*®0  excitation energies from
clude the shell model approach, Hartree-Fock approachekd to 40 MeV.

[2,3], and the cranked Nilsson-Strutinsky appro@sh The

most exotic structures predicted by such models are those

described by 8p-8h configurations, which in thecluster Il. EXPERIMENTAL DETAILS

model limit corresponds to an elongataeparticle arrange- The present measurements were performed at the Austra-
ment. Such states are bro_adly pr_ed|cted to exist close to Nfan National University(ANU). The experiment was con-
4a-decay threshold, a region which has met with considery,.teq ysing the Charissa strip detector array located in the
able interest due to the possible existence of states describggcHa chamber[10]. The array was composed of eight
by a dilute gas ofv-particles|6]. 500 um, 50x 50 mn? Si strip detectors. These covered an
The 8p-8h states might be expected to decay strongly tﬁngular range off,,=5°—60°, and an azimuthal angular
the ®Be+°Be final state, the detection of which is a consid- range ofA ¢~ 100 degrees on each side of the beam axis, as
erable experimental challenge, given that such a decay Prgnown in Fig. 1 of Ref[11]. Each strip detector was divided
cess results in four final-state particles. Nevertheless, therg: 1 position-sensitive strips, with the position-sensitive
axis orientated towards the beam axis.
12C beams, with an intensity of 50 enA, and energies
*Department of Physics, Erciyes University, 38039 Kayseri, Tur-ranging fromE.,,=82 to 120 MeV, were incident upon a
key. 60 ug cmi? '%C target foil. The higher beam energies
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(Epearr™> 99 MeV) were obtained using the linear accelerator
in conjunction with the pelletron tandem 14UD accelerator.

Due to the large beam energies used and the limited detectc 600000
thickness, some events which producegarticles with an

energy in excess of~-32 MeV experienced punch-through

(i.e., thea-particles did not stop in the silicon detectpasd o

thus only a fraction of thex-particle energy was deposited 5400000 |

within the detector. Such processes contributed to the overal®

background levels observed at the higher energies. Howeve

the reconstruction methods employed in the analysis were

able to clearly distinguish the punch-through events, sup- 200000

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 respon:

of the detection system was calibrated using elastic scatter 0 .

ing of 12C ions from both'®’Au and !°C targets. 00 E O[SIeV] 10
rel

FIG. 1. The relative energy spectrum for pairs of hits for mul-
tiplicity 4 events, calculated assuming all four detected particles
The large angular coverage of the detection system anlbiaveA=4.
the high segmentation is ideally matched to high multiplicity
final states and provides a very effective filter of*such reac{E,q.;), of the unobserved recoil, assuming that the recoil
tion processes. In the case of tHéC(*’C,*°0"—®Be  was produced as a single entity, as would be expected in an
+8Be)®Be a-transfer reaction, the final state naturally con- a-transfer reaction.
sists of G-particles given that all the low-lying statesiBe The total energy spectrum is calculated as
are unbound tax-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 Etot = Eveam™ Erecoil = 2 Eai (2)
and angle of each detected particle, coupled with an assump- =
tion that such events correspond to the detection of mass 4nd is shown plotted in Fig. 2. The Q-value for the
nuclei, allows the reconstruction of the momentum and thus?c(12c | 44)®Be reaction is —14.637 MeV, and thus for a
energy of the unqbservegth recoil. , beam energy(Epean) Of 116.4 MeV the®Be recoil ground
However, the first stage in the analysis was to reconstructisie should appear at 101.76 MeV. The highest-energy peak
the relative energies of pairs of particles to determine if two, he present spectrum appears at 102.6 MeV, i.e., within

8 . . . .
Be nuclei were produced in the final state. T relative 1 \jev of that calculated. The magnitude of this discrepancy
energy is given by

Ill. ANALYSIS AND RESULTS

1 ) 3000 . . . : :
Erel = §M|Va1 ~Vaal%, (1) Ebeam=116.4 MeV
where v, , are the vector velocities of the two selected
a-particles andu is their reduced mass.
2000 +

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 th&Be ground staté92 keV). The close corre-
spondence between the measured energy and the calculatigd
decay energy taken together with the narrow peak width is ar® 1000
indication that all eight of the detector responses are well
matched and accurately calibrated.

This unambiguous signature for the decay of fiie
ground state was used to select events in which two pairs o
the four particles corresponded to the decay of e 055 6'5 -,'5 8'5 9'5 165
ground states. This was done by calculating the relative en: E  [MeV]
ergy for every combination of two particles and then deter- tot
mining if the relative energy was within the peak shown in  FIG. 2. The total energy spectrum corresponding to the
Fig. 1. Following the identification of the decay of tdBe  2c(*%c, 4q)®Be reaction, gated on two pairs of the four detected
nuclei, it is possible to apply the principles of momentum a-particles being produced from the decaysa‘egs_ The present
conservation to deduce the momentum, and thus energypectrum corresponds to a beam energy of 116.4 MeV.

nts/[100 keV]
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FIG. 3. The'®0 excitation energy spectra reconstructed from  FIG. 4. The'®O excitation energy spectra reconstructed from
decays td’Be +°Be for beam energies 82—93 MeV. decays td’Be+Be for beam energies 96—108 MeV.

was tvpical across the ranae of beam enerdies performed in The detection efficiencies were calculated based upon the
yP ng gies p energy and angular acceptances of the detection system and
these measurements. Given that the calibration was pe

f d With2C i her th ic| h o [Ising Monte Carlo simulations of all stages of the reaction
ormed wit lons rather tham-particles, such uncertain- ﬁrocess leading to the production of the fauparticles. The

ties in the calculated energies are reasonable. The recoy qicjes produced in the decay process were simulated using
structed total energy resolution extracted from the width Ofigqyronic emission whilst the primary angular distribution
the highest energy peak is 1.66 MeV. governing the emission of the excité8D nucleus was as-

. A furt.her peak is evident ‘.r"t an energy of 2.8 Mev IOWersumed to be exponential in form in the center-of-mass sys-
in total final-state energy, which would correspond toBe o1\ “The detection efficiencies rose from 0% at 14 MeV ex-
first excited stat€3.1 MeV, 2), and there is some evidence citation energy to 10—15 % at 20 MeV, falling to 3—5 % at
for the 11.35 MeV, 4, state close to a total energy of o, oycitation of 40 MeV. The efficiency profiles were a
91 |Y|9V1-2Th1% t9ta|8eneggy gpectrum.thu.s demonstrates thaly, oo function of excitation energy, and thus structure in
the 1C(**C,*%0" — ®Be+°Be) Be reaction is observed in the o "oy citation energy spectra cannot be attributed to their
present data. behavior.

The excitation energy spectra extend from the decay
threshold at-15 MeV up to~40 MeV and show a structure

By selecting the events lying within the highest-energywhich evolves strongly with the center-of-mass energy of the
peak in the excitation energy spectrum, 8B, final-state  target-projectile system. At lower center-of-mass energies,
results. The'®O excitation energy spectra corresponding tothe lower excitations are emphasized, whilst the highest-
the decay into the two detectéBe nuclei were then recon- energy states are most prominent for the largest collision
structed. The majority of these events correspond to the twenergies. The spectra are clearly complex, but the dominant
®Be nuclei being detected on opposite sides of the beam axieatures remain remarkably constant in excitation energy as a
in other words smalf®O center-of-mass emission angles. function of beam energy. For example, the peak observed at
The resulting excitation energy spectra are shown in Fig23.6 MeV in the majority of the spectra shifts by less than
3-5, and have been normalized for the target thickness, beaf®0 keV (each data bin being 200 keV widérom beam
exposure, and detection efficiency. The excitation energgnergies ranging from 82 to 106 MeV. This indicates that
spectra corresponding to events leading to the decd§f there are few residual dependencies in the calibrations of the
into one of the detectefBe nuclei and the undetectéBe  detectors which affect the excitation energy spectra.
were reconstructed, but these showed minimal evidence for A closer look at the spectra indicates that the prominent
%0 excitations. excited states appear at energies of 17.7, 20.0, 21.2, 23.6,

A. %0 excitation energy spectra

064311-3



FREERet al. PHYSICAL REVIEW C 70, 064311(2004

35 40 B. Angular correlations
30 114 35 120 . Lo ) .
o5 30 Given that both the initial and final states contain exclu-
. o5 sively spin zero particles, then it is possible to utilize the
.5 20 technique of angular correlations to extract the spins of the
15 observed statg4 2]. Furthermore, since the decay is into two
S 10 identical spin-zero bosons, the present spectrum of states
g 5 5 must be limited to even spin and even parity.
3 33 0 In the present reaction, there are two center-of-mass sys-
< s 112 % 118 tems, that corresponding to thé*C+C—%0"+®Be
g 20 a-transfer reaction, which may be described in terms of the
L 20 15 two angles#* and ¢*, and the second being the subsequent
15 decay into two®Be nuclei, described by the anglésand y
10 10 (as detailed in Ref{12]). The anglesg* and ¢ are the polar
5 5 angles measured with respect to the beam axis and measure
0 30 the center-of-mass emission angle of i@ ejectile and the
30 110 1164 inclination of the®Be +®Be relative velocity vector.
o5 Typically, for reactions involving spin-zero initial- and
00 20 final-state particles, the number of reaction amplitudes is
.5 15 small and the correlations observed between the two angles
10 g* and ¢ take the form of a sloping ridge pattern. The peri-
10 odicity of the ridges is described by a Legendre polynomial
5 of order of the spin of the decaying state, ij(cosy). As
0 the dominant orbital angular momenta in the reaction are
20 30 40 20 30 40 . . . . .
those corresponding to grazing trajectories, the gradient of
EX(MO) [MeV] the ridges is given by the ratio of the exit channel grazing

angular momentum to the spin of the state populated,

FIG. 5. The®O excitation energy spectra reconstructed from
decays td’Be+%Be for beam energies 110—120 MeV. Ag* 3 3
Ay 1 1L=T

(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, anatherel; andl; are the initial- and final-state grazing angular
is most clearly observed in thE,.,,=93 MeV data. The momenta. If the “stretched” configuration dominates, which
20.0 and 21.2 MeV peaks appears as a doublet again in Figg typically the case for such reactiogsee[12] and refer-

3 and notably the relative strength of the two states changegnces therein then the entrance and exit channel angular
with beam energy. The 23.6 MeV peak is observed stronglynomenta can be related via the expressjer;-J.

in most spectra and appears to have a high-energy shoulder The angular correlations therefore provide two signatures
at 25.0 MeV, particularly evident in tH8,.,,=88 MeV data.  of the spin of the decayinfO state. The periodicity yields a
There are probably a number of states contributing betweewvialue forJ, which should correlate with that extracted from
26 and 29 MeV, but th&,.,,=86 and 93 MeV data suggest the ridge gradient, assumirlg is known. In addition, the
peaks at 27.6 and 28.8 MeV. Finally all of the higher beamvalue of J extracted from the periodicity should provide a
energy spectra show a strong peak-&81.5 MeV, but the consistent value df for all of the correlations. Figures 6-10
shape of the peak in many of the spectra, e.g.,Bhg,, show the projection of the two-dimensionét- ¢ correla-
=104, 106, and 108 MeV data, suggests that this may be aions, along the ridge locii, onto thé* =0, ¢ axis. The angle
unresolved doublet with peaks at 31.1 and 32.6 MeV. Fi-of projection is selected that maximizes the peak-to-valley
nally, in the 120 MeV data there is a strong peak atratio. In this way, the periodicity of the correlations can be
35.1 MeV which has gradually grown in intensity with in- compared with the functionB;(cos) in order to extract the
creasing beam energy. spinJ of each states.

An upper limit for the excitation resolution may be judged Figure 11 shows the sum of all of the excitation energy
from the width of the 23.6 MeV state, which has a width of spectra for the 18 beam energies without efficiency correc-
1.2 MeV. It would appear that the natural widths of states ardgion. Also displayed are the 12 data bilabeled A-D for
less than this in most cases. This resolution is dominated byhich the angular correlation data were analyzed. Typically,
the precision with which it is possible to measure the posithe correlation phase space was much larger in the case of
tion of the incident particles in the silicon strip detectors,the lower beam energies and thus the range imas more
0.5—1 mm depending on the incident energy. Given thiextensive. The phase space is limited by the angular accep-
resolution and the changing peak profiles, the data suggetince of the detectors and the detection energy limits, includ-
that the full complexity of the excitation energy spectra is noting punch-through effects. This modifies the intensity varia-
revealed here, and higher-resolution measurements would bien of the projected correlations as a functionggfbut not
of benefit. the periodicity of the correlation pattern.
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FIG. 6. The projected angular correlations for the two states at FIG. 7. The projected angular correlations for the two states at
(a) 20.0 MeV and(b) 21.2 MeV, corresponding to the gates in Fig. (a) 23.6 MeV and(b) 25.0 MeV, corresponding to the gates in Fig.
11 C and D, respectively. The data correspond to the summed dafd E and F, respectively. The data correspond to the summed data
for the beam energies 82 and 84 MeV. The experimental data arfer the beam energies 86—90 MeV f@) and 82 and 84 MeV for
shown compared with Legendre polynomials of order 6, and thugb). The experimental data are shown compared with Legendre
indicateJ=6 assignments. polynomials of order 8, and thus indicale8 assignments.

In order to enhance the statistical significance of the dat
the correlations from ranges of beam energies were co
bined as follows: (82,84, (86,88,90, (93,96,99,
(102,104,10% (108,110,112 and(114,116,118,120 In the
case of the correlations corresponding to bins A and B, n

%een combined, and in order to nullify the fact that the gra-
MHient changes as a function of the collision energy, only data
within the region 8= * =3 have been used in the analysis
of the periodicity of the correlation pattern. The result is
Bhown in Fig. 10b). The structure indicates that the state

Fhay possess a spin dt10, particularly the enhancement
mentum information could be extracted. For the data binsclogeptod;: 122 de%rees ' P y

C-K, the correlation structure was clear and unambiguous
spin assignments could be ma@ee Table)l In all cases,
identical spins were extracted for at least three of the beam IV. DISCUSSION

energy combinations shown above. ) )

As noted above, the projection angle, i.e., the gradient of The present data permit an analysis of the energy depen-
the correlation pattern, may be used to extract the entrancgence of the excitation process. There are three prominent
channel grazing angular momentuin, The uncertainty in P€aks in the excitation energy spectfia:at 20.6 MeV cor-
the extraction of the gradient of the correlation pattern thugesPonding to the 20.0 and 21.2 sta@9, (ii) the 23.6 MeV
leads to an uncertainty in the corresponding valud; aff ~ state(8"), and(iii) the peak at-32 MeV, corresponding to
+1%. Given this uncertainty, all of the grazing angular mo-the 31.1 and 32.6 MeV staté8"). The lowest-energy peak
menta extracted for each beam energy combination agre®df these three has maximum intensity between the beam en-
within this limit. The mean values df for the various beam ergies of 82-90 MeV, the second peak has maximum
energies are shown in Table 1. As expected, there is a sysstrength for 88—90 MeV, and the third peaks at the highest
tematic increase in the values ffwith increasing beam beam energies. There have been comprehensive studies of
energy. resonances in th&’C+'°C system at high center-of-mass

Finally, the correlation for the 35.1 Mefdata bin L) state  energies both through tHéC +*2C entrance channgl1] and
appears to be systematically different from that of the neighindirectly via reactions such a¥C(*°0,%Mg— C+%C)
boring 8 states, but the statistics and phase space are mu¢h3]. These indicate that the last strong resonance in this
more limited, the latter particularly for the higher beam en-system lies at a center-of-mass energy of 43 MeV and has
ergies. In this instance, the data from all beam energies havgeen identified with a spin and parity of 22t is interesting
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FIG. 8. The projected angular correlations for the two states at FIG. 9. The projected angular correlations in the vicinity of the
(a) 27.6 MeV and(b) 28.8 MeV, corresponding to the gates in Fig. 31.1 MeV peak corresponding to the gates in Fig(@1 and(b) J.
11 G and H, respectively. The data correspond to the summed dafehe data correspond to the summed data for the beam energies
for the beam energies 82—84 MeV f@) and 86 and 90 MeV for 82-84 MeV for(a) and 86 and 90 MeV fotb). The experimental
(b). The experimental data are shown compared with Legendrelata are shown compared with Legendre polynomials of order 8,
polynomials of order 8, and thus indicate dominadt8 and thus indicatd=8 assignments.

contributions.
covered here, and these have tended to focus oa-thecay.

that both of the two lower-energy peaks described abové&or example, the studies of Sandetsal. [14] found a reso-
have an energy dependence which indicates an enhancemeraince at 22.5 MeV which was tentatively assigned a spin of
close to this energy, and, furthermore, the extracted value @&, though 6 could not be excluded. An extremely comprehen-
l; (20.9+14) is similar to the spin of the resonance. sive correlation analysis was reported by Reteal. [15]
However, optical model calculations indicate that thewnhich failed to find any 8 strength at 22.5 MeV, but rather
grazing angular momenta at 82, 102, and 120 MeV are 2%Jose to 30 MeV, and there were indications of some very
24.5, and 26i, respectively, in rough agreement with thoseweak 10 strength at the upper excitation energy limit of the
shown in Table II, and estimates of the angular momentumneasurement, i.e., 32.5 MeV. The majority of the strength
transferred by an—particle at the grazing radius indicate that petween 21 and 29 MeV was found to be dominated by
at the three beam energi@ganste=5.7, 6.4, and 7.@, i.e.,  pegative-parity states™7and 9. This latter reference pro-

increasing by 1 to 1.5 units. In addition, calculations of the,jjes a very useful summery of thedecay of'°0 in the

;/arlatlon gf thf ?ngulalr mom;antutr_n mlirgatch beéwee_r; ?.néxcitation energy range 13—33 MeV.
rance and exit channeis as a tunction ot beam and excitation o agreement between these earlier studies and those

energy indicate that for a mismatch of eight units of angular dh . Thed h I d
momentum at a beam energy of 82 MeV, the optirtf@ presented here is not strong. ecay channel does ap-
excitation energy is 23.5 MeV, and at 120 MeV this in- pear to possess somé 8trength close to an energy seen in

8
creases td,(1°0)=28.4 MeV. This, taken together with the theSBIi/el Secay Bere,lan((llj thehprggosed_* ]sttr):ength seeg at
increased center-of-mass phase space at the higher beam f: heh may be related to the 18tate in the present data,
ergies, may explain the shift from low spins at Id60 ex-  though the agreement Is not convincing.

citation energies to higher spins at correspondingly increased '" the case of théBe decay channel, éhere are two mea-
values of excitation. surements of note: a study of tHéC(«,®Be) reaction by

It would thus appear likely that the energy dependence i€hevalieret al. [7] and the'’C(*°0,4a) reaction[9]. The
dominated by the dynamics of thetransfer process, rather first of these assigned spins and parities to the states at
than the existence of intermediate resonances in“thly ~ 16.95 MeV (2*), 17.15 MeV (2¥), 18.05 MeV (4%), and
nucleus, which then decays ViBe emission. 19.35 MeV (6%). A later search for an *8resonanceg16]

There are a number of earlier studies of theusingthe same reaction was unsuccessful. Finally, the study
12c(1%c,1%0")®Be reaction in the excitation energy range of the'*C(*%0, 4a) reaction[9] found evidence fot®0 states
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(b) L-35.1 MeV, J=10 TABLE I. Properties of excited states o from the present
140! analysis, and those from tHéC(a,®Be) [7] and ?C(*0, 4a) [9]
120! _studies. The uncertainty in the excitation energy in the present data
is <200 keV.
w100-
g 80 Present 2C(a,®Be) 2c(*%0, 4a)
© 0
40, E, J7 E, J7 E, J™
20+ 16.95 2
ol ' ' [ ' ' 17.15 z 171 2
40 60 80 100 120 140 17.7 17.5 2
(a)K-32.1 MeV,}!=8 18.05 Vg 18.0 214
19.3 4
19.35 5
20.0 6
21.2 6 214 (6%)
23.6 g
(25.0 (8"
27.6 g
28.8 g
31.1 g
32.6 8
35.1 (10%

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. | s L .
11 K and L, respectively. The data correspond to the summed datf€d the’Be decay channel. This is mainly related to the fact
for the beam energies 93—99 MeV fa@) and all data forb) but  that the present yield falls significantly in the low excitation
selecting only data close @ =0. The experimental data are shown €Nergy region. However, the 21.2 MeV* tate in the
compared with Legendre polynomials of order 8 and 10. present measurement does appear to confirm the tentative
assignment made for a 21.4 MeV state in R6f. However,
at 17.1 and 17.5 MeV withi"=2*, 18 MeV (J"=2*/4*),  the sum total of these measurements now provides an insight
19.3 MeV 4, and finally 21.4 MeV, which was tentatively into the evolution of 8p-8h states with increasing excitation
assigned a spin of 6. These results are shown in Table I. energy. Figure 12 presents the cumulative energy-spin sys-
It is apparent that there is little agreement between théematics of’Be decaying'®0 excited states.
present studies and those done previously which have exam- Also shown are thex cluster modelACM) [4] calcula-
tions for the linear and kitéboth K=0 and 3 configurations

14000+ and cranked Nilsson-Strutinsk{CNS) (8p-8h [5] calcula-
A B FGH, 1JK L tions. Given the nature of the decay process, some sensitivity
120001 to 8p-8h excited states might be expected. Indeed, the lower
excitation energy trend in the data appears to be well repro-
E’ 100001 duced by both the ACM and CNS calculations. And given
S 8000 f[hat no; absolute excitation energies, but rathgr trends with
% increasing angular momenta, tend to be predicted by such
S 600071 _
o TABLE Il. The grazing angular momenth, extracted from the
40004 correlation analysis.
20007 Epeam L
. ) . . (MeV) (+1%)
20 E(,fg) ] 40 50 82-84 19.1
X 86-90 20.9
FIG. 11. The summed®0 excitation energy spectra recon- 93-99 226
structed from decays ttBe +°Be for beam energies 82—120 MeV. 102-106 234
The vertical lines indicate the limits used in the angular correlation 108-112 23.7
analysis, with the intervals analyzed being labeled by the letters 114-120 26.5

A-L.
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40 that the experimental excitation energy resolution scales as
35+ a VEx~Einresh WhereEqeqi=14.43 MeV. Thus, the increase in
. the experimental contribution to the peak width betwé&gn

=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

E, [MeV]

V. SUMMARY AND CONCLUSIONS

A study of the'’C(*?C,%0" — ®Be +°Be)®Be 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
0 50 100 energies and spins of the excitéfD states. Evidence is
JW+1) [ found for excitations up to 35.1 MeV with spins of up to

107%. Beyond these excitation energies, no further evidence

FIG. 12. The energy-spin systematics'80 excited states de- for resonances is found. The energy-spin systematics of
caying by°Be emission, from the present data and REfs9]. The  many of the states appear to follow the trend found for 8p-8h
uncertain state at 25.0 MeV and tentative spin assignment for thgands in both thew cluster model and cranked Nilsson-
35.1 MeV peak are represented by the open squaresaiiester gy tinsky calculations. However, these models do not pro-
model calculationg4] for the chaink=0 (solid-line), kite K=0 \;4e 5 complete description, and alternative structures may
(dashed-ling and K=2 (dotted-ling, and cranked Nilsson- geqerine many of the observed states. The absence of the
Strutinsky calculation$5] for the 8p-8h configuratioiibold solid- states observed in the present measurements in the reported
line) are indicated. .

a-decay [15] channel would suggest that the asymptotic

] ] _ single-particle configurations are nevertheless 8p-8h in char-
models, a displacement of the band to higher energy mighicter. The full complexity of thé°0 spectrum is not revealed
indicate that the lowest-energy 8tates might form the con- pere, and measurements provide enhanced excitation energy
tinuation of the 8p-8h band. This trend may predict the exyesolution. This could be achieved by improvements in the
istence of a 10state close to 27 MeV; no evidence for such precision with which the emission angles of the decay prod-
an excitation could be found in the present data. Possibly,cts are determined.
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 thestates close The authors wish to thank the staff of the Department of
to 32 MeV and the proposed 1Gtate at 35.1 MeV. It is Nuclear Physics at the Australian National University for
possible that these are associated with the extension of bandssistance in running the experiments. We acknowledge the
associated with more compact configurations. financial support of the U.K. Engineering and Physical Sci-

One feature which is apparent, particularly in Fig. 11, isences Research Coun¢EPSRQG. The experimental work
that there are no further narrdw1—-2 MeV) resonant struc- was performed under a formal agreement between the
tures at excitation energies in excess of 36 MeV. We not&ePSRC and ANU.
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