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12c+12C and %0+8Be decay of Mg states populated
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The 2C+*C and ®Be+ %0 decay of?*Mg states populated in th&C(*°Ne,?*Mg*) reaction has been
studied at beam energies of 160 and 110 MeV. Evidence for excited states, which de¢dy 4yd ®Be
emission, is observed for the excitation energy range 22 to 33 MeV. Angular correlation analysis shows that
the spins of these states lie in the range of 6 td 1Zhese measurements further indicate that the breakup
states possess a 4p-4h structure.
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[. INTRODUCTION isomeric configuration, associated with a secondary mini-
mum in the deformed potential. Such a minimum would re-
The study of the spectroscopy of nuclei at excitation en-sult from shell structure in the single-particle level scheme of
ergies in excess of 10 to 20 MeV is a considerable challengdhe deformed potential, as observed in systems with super-
Typically both backgrounds and level densities mask theleformed bands and fission isomers. Shape isomeric struc-
states of interest. Moreover, for states populated as reséures are in fact predicted by a variety of nuclear models, for
nances with spins greater than a few units, populated in in€xa@mple Nilsson-Strutinsk8], Hartree-Fock9], and also
elastic scattering or transfer reactions, the angular distribi@/Pha cluster moddl10] calculations.

tions are often featureless, prohibiting the extraction of 1heseé models, however, predict not only one shape iso-

angular momentum information. Breakup reactions, how """ but several, many of which have structural characteris-

ever, may be used to successfully combat these difficultiel¢S ‘.Nh'Ch would allow the decay into th.ZC nuclg|. As- .
[1]. In such measurements, the binary decay of the exciteg?Mming that the breakup states are associated with a unique

states is observed by recording the two decay products isomer it is therefore not clear which one. The mechanism by

e o which th r I m ffer an answer. It h
coincidence, and the excitation energy of the parent syste ch the states are populated may offer an answer. It has

. ’ "Been observefll1] that such states are most strongly popu-
may then be reconstructed in a relatively background fre‘fated via the'2C(®Ne 2%Mg) reaction[12] when compared
environment. The measurement of the emission angle dis”l/'vith for example inélastic excitatiofd] or via the more

butions in the center-of-mass frame of the decaying ”“CIeuéomplex 120(1%0,24Mg) reaction [6]. This comparison

may also be used to provide a relatively model independenf,ouid indicate th:at the states MMg with large 2C+12C

determination of their sping2,3]. decay branches possess a close link with a 4p-4h configura-
This experimental technique has been used successfully {1 puilt on a ZONegs core. No spins, however, have been

study the'”C+"C decay properties of the nucleg. In  \0aqured for the states populated via dhtransfer reaction
a region of excitation energy, 20 to 40 MeV, where the denynq thys connection with the breakup states observed in
sity of states is considerable, the decay of specific states intQnar reactions cannot be assured.

two '%C nuclei is observed, and a series of measurements In this paper we present a study of the
have produced detailed spin informatigh-6]. The trend in 120(2%Ne,2C1%C)®Be  and 2C(*°Ne 2Bel%0)®Be reactions

the energy-spin systematics of these states follows a rotaymeq at determining the excitation energies and spins of the
tional J(J+1) trajectory with a moment of inertia which gi5iaq previously observed in previous wétR,13.

indicates that the decay is from a highly deformé&tg

excited configuration, reminiscent of the resonances ob-
served in'%C+'%C scattering measuremertg]. It is pos-
sible to interpret these data in terms of the decay of a shape The 2C(*°Ne *?C 12C)®Be and**C(*°Ne 2Be'®0)®Be re-
actions were studied at the Argonne National Laboratory
ATLAS linac facility. 2°Ne beams of energies 160 and 110
*Present address: School of Physics and Astronomy, UniversitiMeV, with intensities of ~50 enA, were incident on 50

II. EXPERIMENTAL DETAILS

of Birmingham, Edgbaston, Birmingham B15 2TT, U.K. wg cm 2 natural carbon targets. The integrated beam expo-
"Present address: Physics Department, University of lllinois asures for the two energies were 15.1 and 2.8 mC, respec-
Chicago, 845 West Taylor Street, Chicago, IL 60607. tively.
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The %0, '2C, and ®Be decay products were detected in
two gas-silicon hybrid telescopes. The gas ionization cham-
bers, operated at pressure of 50 Torr witje® thick Mylar
windows, and possesgjra 5 cmactive depth, provided the
AE signal. The silicon elements of the telescopes were 5 cm
by 5 cm, 16 element, position-sensitive strip-detectors. These
detectors provided a measurement of the full energy of the
incident ions and their position with resolutions of 300 keV
and 0.25 mm, respectively. The segmentation of the silicon
detectors also allowed the detection of the tweparticles
from the decay of théBe nuclei within a single telescope.
Further details of the performance of these detectors is given
in Ref. [14]. The silicon elements of the telescopes were
placed 18.0 cm from the target and symmetrically about the
beam axis at an angle of 18.0°. The uncertainty in the angles
of the detectors is 0.1° which leads to a systematic uncer-
tainty in the reconstructed excitation energies-&00 keV.

The performance of the detectors was calibrated using
a-source measurements and elastic scattering of 80 MeV
12C nuclei from *2C, ?7Al, and %’Au targets.

Ill. DATA ANALYSIS AND RESULTS

By plotting the measured gas signal against the energ
deposited in the strip detectors it was possible to identif
incident ions with chargeZ=6 andZ=28 (the detectors do
not provide explicit mass resolutipnidentification of ®Be
decays was made by reconstructing ftige excitation en-

Counts per 100 keV
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FIG. 1. Total energy spectra for the) °C(*°Ne,**0®Be)®Be

and (b) *?C(**Ne*’C 1°C)®Be reactions aEp.,,=160 MeV. The
vertical dotted line indicates the expected sum energy for a final
tate in which all particles are produced in their ground states.

By gating on the peaks in Fig. 1 label€l,,4, events in

which all final state particles were produced in thele=Q0)

ergy spectrum for all events in which particles entered twddround states could be selected. T#lg excitation-energy
strips within a single detector. The reconstructed peak at afPectrum was then calculated from the measured emission

energy of 92 keV was then used as a unique signature for tHgnergies and angles of the detected fragments. Figure 2
detection of®Be nuclei. shows the reconstructed excitation energies for the two decay

Following the identification of the decay products, sumchannels at the beam energies of 160 and 110 MeV. The
energy spectra were calculated ffC+1%C and 8Be+160  lines in these spectra are the results of Monte Carlo simula-
coincidences, tions of the experimental detection efficiencies. These calcu-

lations simulate the response of the detectors in terms of the

Etot=E1+E2+ Erecoils

1)

2000
whereE, andE, are the energies of the detected fragments
and E,;...; is the energy of the unobserved recoil, recon-
structed from the momenta of the two detected breakup prod
ucts. E,; is related to the reactioQ value via Q=E,; >
—Epeam: The associated sum energy spectra are shown irg
Fig. 1. The peaks in these spectra may be then used to isola®
the various final states of th&C and %0 nuclei. For ex-
ample, in Fig. 1a) a peak is observed &,,,=147.8 MeV
(Q=-12.2 MeV) corresponding to the final state in the
12C(*Ne,*%0%Be)®Be reaction where all nuclei are left in
their ground states@=—12.19 MeV). The 2" excitation

of the ®Be recoil may also be observed in this spectrum.
Similarly, in Fig. Ab) there is a peak &E;,;=147.8 MeV 0g L
(Q=—12.2 MeV) corresponding to all of the final state nu-

clei in the *2C(*°Ne,*?C 1%C)®Be reaction being formed in

their ground statesq=—11.98 Me\). Monte Carlo simu- FIG. 2. Excitation energy spectra for ti{e) °C+°C decay
lations of the reaction and detection processes, including thghannel atE,..,=110 MeV, (b) 2C+2C decay channel at
experimental resolutions, indicate that tBg,, resolution g, =160 MeV, (c) °0+8Be decay channel aEq,,=110
should be 1.3 MeVfull width at half maximum(FWHM)],  MeV, and(d) °0+®Be decay channel &,,=160 MeV. The

in reasonable agreement with the experimental measuréine in each plot is the calculated detection efficiency for each re-
ments. action.
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energy and angular acceptances and also attempt to generdigced via an analysis of the correlation between the emission
reaction products with realistic energy and angular distribuangles in the two frames. This experimental technique is de-
tions. The reaction process is simulated by assuming that thecribed in detail in Refl15] and references therein. Briefly,
initial 12C(*°Ne,2*Mg*)®Be reaction proceeds via-transfer  the excitation and decay processes can be described in terms
and may be reproduced by a simple exponential form. Thef two sets of spherical-polar coordinateg* (¢*) for the
decay process is, on the other hand, assumed to be isotropprimary reaction, and#, x) for the decay process. Her&"

As the experiment was sensitive {8Mg emission angles is the scattering angle angl is the decay angle, with both
close to 0° then the detection efficiency depends onlymeasured with respect to the beam axis.

weakly on the exponential falloff factor used in the simula-  Typically, for reactions involving spin zero initial and fi-
tions. These approximations lead to an uncertainty in theal state particles the number of reaction amplitudes are
absolute detection efficiency, but do provide a more accuratemall and the correlations observed between the two angles
determination of the relative detection efficiencies for the#* andy take the form of a sloping ridge pattern. The peri-
two channels and, most importantly, they provide an indica-odicity of the ridges is described by a Legendre polynomial
tion of how the efficiency varies with the changirfig  of order of the spin of the decaying state, i;(cosy). As
excitation energy. Figures(® and Zb) show the recon- the dominant orbital angular momenta in the reaction are
structed excitation energy spectra for th&C+*°C decay those corresponding to grazing trajectories, the gradient of
channel for the 110 MeV and 160 MeV beam energies rethe ridges is typically given by the ratio of the exit channel
spectively. Similarly, Figs. @) and 2d) show the excitation grazing angular momentum to the spin of the state populated
energy spectra for théBe+%0 decays. It is immediately

apparent that the structure in tHéC+1°C decay channel is A @)
much more pronounced than for tfiBe+ %0 decays, due in Ay e 1,=0

part to the symmetry of thé’C+ ?C decay process, which
samples only states with even spin, and natural parity. On th

other hand, both even and odd spin states, but still of natur omenta. If the “stretched” configuration dominates, which

parity, can feed the asymmetric decay channel, and hence tri'ge typically the case for such reactiofsee[15] and refer-

density of states in thesel excitation energy spectra is largef, cog therein then the entrance and exit channel angular
The peaks in thé"C+%C spectra for the two beam en- momenta can be related via the expressionl, — J,

ergies are correlated and agree within 100 keV, suggesting g angylar correlations therefore provide two signatures

that the sgrr;e set IOf state_z are p;opulatecf ?tdth? twto beagP the spin of the decayin*Mg state. The periodicity yields
energlesg. elree IS 1ess evidence for correfated Sructures i, 5),q ford, which should correlate with that extracted from
the tV\tlo bBe+t O dec%y specftra.. H?V\t/e(\j/er:[ ttherg V\;ﬂwddap'the ridge gradient, assumirlg is known. In addition, the
pﬁar OI fe fhroz_g EV' ence %r g_oaed s_?hesEln IS d€CYalue of J extracted from the periodicity should provide a
channe’ for the nigher energy EE_ 9. Ad)]. TheEyo, SpeC- ¢ ongistent value df; for all of the correlations. Figures 3—-6
tra in Fig. 1 indicates that there is a larger background CONghow the projection of the two dimensiona! —y correla-
tribution to thi; breakup channe_l, which, in par_t, may ac-ons along the ridge locii, onto thé* =0, ¢ axis. The
count for the slightly poorer quality of the excitation energyangle of projection is selected that maximizes the peak to
spectra. . L valley ratio. In this way the periodicy of the correlations can
. The peak detection _eff|_C|er_IC|es for the two decay Ch?‘_”.”e' e compared with the functior;(cosy) in order to extract
differ by a factor of 3, indicating that the decay probabilities Ehe spind of each states. The results of this analysis, includ-

for the two _cha}nnels are of a similar magnitude. There Is amg the values of; deduced from the projection angle, are
least one significant difference between the spectra for th iven in Tables Il

two decay channels. Particularly in the 160 MeV data, th

structure in the®Be+1%0 decay channel is much more o i1 o

strongly damped than in the mass symmetric decay channel “C+1*C angular distributions

above 30 MeV. This contrasting behavior may point to a For the 2C+%C decay channel the peak a23.5 MeV

significant difference between the states feeding the two dén the two data sets appears to have a spin|¢fi§. 3(@ and

cay channels. Fig. 5b), and the shape of the peaks at the two energies
Finally, the Monte Carlo simulations suggest that the ex-suggests that actually there may be two overlapping states.

perimental excitation energy resolution is 400 keV, thusSimilarly, at 24.5(24.6 MeV in the 110 MeV dajaand 25.1

many of the widths are dominated by the experimental resoMeV the angular correlation analysis for both beam energies

lution and the natural widths are not observed for the majorfFigs. 3b), 3(c), 5(c), and Fd)] suggests that the states are

ity of the states. dominated byl=8. The next peak in this decay channel is at

26.2 MeV (26.3 in the 110 MeV dajaand at both energies

the correlation analysis indicatds= 10 [Figs. 3d) and Fe)].

Again, there is good agreement between the two measure-
The determination of the full ground state kinematics per-ments withJ=10 states observed at 26.8 M&®6.9 in the

mits the reconstruction of the emission angles of the deca§10 MeV data and 27.8 MeV.

products in both the"C+2°Ne, and?Mg* center-of-mass Analysis suggests that the peak at 29.1 MeV has contri-

frames, allowing the spins of the decaying states to be debutions from spins)=10 and 12, as gates on the I¢Wig.

herel, andl; are the initial and final state grazing angular

A. Angular correlations
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a) 23.5 MeV (J=8) b) 24.5 MeV (J=8) ¢) 25.1 MeV (J=8)

100 100

50 -

50 | 50 -

FIG. 3. Projected angular cor-
relations for the states observed in
the ?C+'%C decay channel at
Epean= 160 MeV, for excitation
energies of 20 to 27 MeV. The
solid line in each case corresponds
to a|P;|2 function, wherel is the
spin assigned to the state.
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4(b)] and high excitation energhfig. 4(c)] sides indicates correlations are observed. However, the 160 MeV data ap-
differing dominant spins. The states Bf{=30.3 and 31.2 pears to be slightly clearer, which is also indicated by the
MeV appear only in théE,,,= 160 MeV data and the cor- more structured excitation energy spectrum. As with ¥f@
relations indicate that both possebs 12. Finally, the 32.7 decay channel several of the peaks appear to possess contri-
MeV state observed &,.,,=160 MeV has a correlation butions from several states. There is some indication of a
that strongly suggest$= 10 [Fig. 4(f)], however, the value peak at 23.0 MeV and a gate to low excitation energy indi-
of I; is some 3 units less than the mean value at this bearatesJ= 38 [Fig. 6(a)] while a gate on the high energy side
energy. This might indicate an incorrect spin assignmentsuggestsl=6 [Fig. 6(b)]. There also appears to be a broad
The results of the above analysis are summarized in Tablesstructure at 23.8 MeV, which appears to only cont&in8
and 1. contributions[Figs. Gc) and €d)], and this would coincide
with the J=8 state at approximately the same energy ob-
served in the spectra in Figs(a2 and 2Zb) (23.5 MeV).
8Be+1%0 angular distributions There is also @ =10 state at 27.9 MeV which could corre-
spond to the state at 27.8 MeV in thé&C decay channel with

Unfortunately, the analysis of théBe+ %0 decay chan- .
(Hae same spin.

nel does not yield such unambiguous results. The number On the whole there is good agreement in the reconstructed
peaks in Figs. &) and Zd) which show strong correlation 9 9

patterns is significantly less than for the symmetric decay! ValUes for the above analysis of the two decay channels. At
channel. This can be explained by the presence of the eXEbeam=160 MeV1;=30.3 and 30.4 for the *°C and °Be
pected larger number of different spin states that can decagecay channels, respectively, ahe=22.7 for the *°C de-
to this final state. For the 110 MeV data no strong oscillatorycay channel aE,.,~=110 MeV. The observed changelin
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100 - 20r FIG. 4. Projected angular cor-
relations for the states observed in
the ’C+%°C decay channel at
Epean=160 MeV, for excitation
energies of 27 to 33 MeV. The
solid line in each case corresponds
to a|P;|? function, wherel is the

spin assigned to the state.
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with the beam energy is consistent with the scaling deduceghe first time, a detailed comparison to be made witg

from the change in center-of-mass energy. +12C breakup states observed in other reactions.
The present measurements may be compared with those
IV. DISCUSSION already reported for thé’C(**Ne,'*C*?C) [12,16,17 and

12C(*Ne2Bet®0) [13] reactions. First, the spectrum of
The present study represents an advance over the previod4vig'’C+1°C breakup states observed in the present 160
measurements of th&C(*°Ne,?C'%C) reaction, as here we MeV measurement is almost identical to that reported for the
present comprehensive spin assignments. This permits, fatudy with the same reaction and beam energy in Refs.
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TABLE I. Properties of states observed in th€+?C decay
channel forEpe.=160 MeV. In the instance that the correlation channel forE,e,,= 160 MeV. The more tentative spin assignments
analysis indicates that a peak may be associated with multiple spinge shown in bracket?‘: 30.4%.
both are indicated, but not a value Ipf 1,=30.3.

PHYSICAL REVIEW C 63034317

TABLE Ill. Properties of states observed in th®+ ®Be decay

E, (MeV) J I
23.4 8 30.9¢1.5)
24.5 8,6
25.1 8 27.66-1.5)
26.2 10 30.3¢1.0)
26.8 10 30.6¢1.0)
27.8 10 31.4¢1.0)
29.1 10,12
30.3 12 32.4¢0.8)
31.2 12 32.1¢:0.8)
327 10 26.8(-0.8)

E, (MeV) J
22.4 8)
23.0 6,8
23.8 8 28.2(-1.5)
24.3 9 32.8¢-1.5)
24.8 9 30.3¢- 1.5)
(25.3
25.8 (9/10
27.4
27.9 (10)
29.0
29.9

[12,17. The present measured excitation energies are, how qer of magnitude fod=6 and 12. Similar calculations
ever, 300 keV systematically lower. This discrepancy is CONysing Brink’s prescriptiofi18] suggests that the reduction of

sistent with the 200 keV systematic uncertainty in the preseng,

e beam energy to 110 MeV should enhancelth& states

measurement and the uncertainty of the same order presephy j—¢ suppressed by a factor of 2 adet4 by 20. The
in the earlier measurements. Furthermore, the spectrum Qfsminance of spins of 8 and 10 in the 160 MeV data, and the

states observed in th®0+8Be decay channel is very simi-
lar to that reported ifi13] (including the reported excitation
energiey in the study of the'?’C(*°Ne 2Be'®0) reaction at

Epean= 160 MeV. In fact, in this latter study a 9state was
observed at an energy of 24.43 MeV, which would corre-
spond to the measureld=9 for the 24.3 MeV state.

Detailed spin measurements have also been reported f
the study of the'?C(*%0,*2C'?C) and 2C(*°0,2Be'®0) re-
actions[6]. These are compared, for theéC+°C decay

shift towards states with spins of 8 for the 110 MeV beam
energy is thus in agreement with these matching calculations.
On the other hand, th&C(*%0,'?C*?C) reaction is likely to

TABLE IV. A comparison between the excitation energies and

spins of Mg states observed in théC+ °C decay channel in the

BFesent measurement and those in R6f. Where states are ob-
served aE, .~ 160 and 110 MeV the average valuekfis used.

channel, with the present measurements in Table IV. Apart
from a small discrepancy in enerdy-200 keV), there ap-

pears to be good agreement between the energies and spinas

of the states for the excitation energy range of 26.4 to 29.2
MeV. This agreement is not so good above and below these
limits since the strength of thé*C(*%0,'2C 12C) reaction
seems to be attenuated at lower energies while the opposite
is true for theC(*°Ne,*?C'%C) data. However, as noted in
[12,17] if angular momentum matching is important in the
presenta-transfer reaction then the matching is best for
J values of 8 to 10, with a calculated suppression by one

TABLE II. Properties of states observed in th&c+%C decay
channel forEpe,=110 MeV. In the instance that the correlation
analysis indicates that a peak may be associated with multiple spins

both are indicated, but not a value lpf 1,=22.7.

E, (MeV) J I

22.7 6,8

235 8 24.0¢1.0)
24.6 8 22.0¢1.0)
25.1 8 22.1¢1.0)
26.3 10 23.2¢1.0)
26.9 10 23.9¢1.0)
27.8 10 22.8¢1.0)

12C(160,24Mg) 12C(2°Ne,24Mg)
E, (MeV) J E, (MeV) J
20.9 (6)
21.7 (6)
22.7 (4/6) 22.7 6,8
23.4 4 23.4 8
23.8 (6)
24.2 (8 245 8
25.0 8 25.1 8
25.9 (10
26.4 (10 26.2 10
27.0 10 26.8 10
28.0 10 27.8 10
28.4 10
29.2 12 29.1 10/12
30.0 10
30.3 12
31.2 12
31.9 12
(32.5 (12)
32.7 10
33.2 12
35.6 14
36.7 (14
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800.0 ‘ ‘ ‘ TABLE V. A comparison between the excitation energies and
spins of?*Mg states observed in tH€O-+Be decay channel in the
700.0 .
present measurement and those in R&f.
600.0 -
120160, 24Mg) 120(20Ne 24Mg)
5000 ] E, (MeV) J E, (MeV) J
(2]
‘cg: 4000 | I 20.8
il 8k
8 ol Haf 22.1 6.8 22.4 ®
A 23.1 (6) 23.0 6,8
2000 | | *} i ] 23.4 )
i i L h ]
1000 | ] ;\:’9 ' Ly AW 1 23.8 ®
AV X e, 24.3 (9)
0 swerlames” : ‘ 24.8 (9,10 24.8 9)
20.0 25.0 30.0 35.0 40.0 (25 3
Excitation Energy [MeV] 257 9,11 258 (9/10
FIG. 7. A comparison between the 160 Me¥C+ 1°C excita- 26.7
tion energy spectrum from th&C+2Ne entrance channésolid 273 9.11) 274
histogram and the'?C+*°C breakup spectrurtdotted histogram ' ' 27'9 (10
from the *2C(*%0,*2C'%C) (Epean= 115 MeV) reaction. The excita- 288 101 29'0
tion energy scale for the former has been adjusted-BQ0 keV. ) (10.12 ’
30.1 (10,12 29.9
be more complex, perhaps even proceeding througHibie 31.6 (12
compound system as proposed[8]. This analysis would 325 (13
suggest that the difference between the two reactions at the  33.4 (11,13
extremes of the excitation energy range arises due to the  34.2 (11

weaker population of states with spin greater or less than &
and 10. Figure 7 shows the two spectra for the reactions

12C(*%0,"CM*C) (Epeanm=115 MeV) and “C(*™Ne,'""C'*C)  these breakup states, and it was speculated that these termi-
(Epean=160 MeV) overlaid (the latter spectrum has been pating states possessed a spinJef14. These states ob-
shifted by +200 ke\). Again, the observed agreement sug-served in the high energy measurements of Murgatedyad.

gests that the two reactions are in fact probing the samgi6] are also seen the present measurements, and the angular
states in*Mg. correlation measurements demonstrate that the highest spin

Table V presents a similar comparison for tH©+°®Be  state observed i3=12. Thus, we can conclude that the re-
decay channels. However, due to the increased complexity of

the spectra and the greater uncertainty in the spin assign-

ments, this decay channel does not bear the level of scrutin a) °C(®Ne,’C °C)'Be b) "°C(0,°C “C)'He 9
applied above to the symmetric decay channel. However = 351 .
there appear to be qualitative similarities in the states popu-= * . s
lated in the two reactions, in that the spins of the states lie ing 304 o .
the same region. This may also indicate that the two reac-a'E : 5
tions probe the same structures in &g nucleus. S 25; ) s

Figure 8 shows a comparison of the energy-spin system- & -} 8 §
atics of the resonances observed in the reacti®s & o1 °

12C(*Ne ClC), (b) *2C(*0,'%ctC), and(c) ’C+1%C.
A linear fit to these systematics is shown in Table VI. The o) "c+"C 50 100 150 200 250

o

agreement between the fit parameters for the = 351 f J+1) ()
2C(*Ne,**C'?C) and *2C(*®0,'2C'’C) reactions is excel- = o °
lent, strengthening the link between the observed states< 301 H
There is less agreement with tHéC+1%C scattering reso- ¢ . ﬁ
nance data, where the gradient is steeper. This may sugge § 251 i
that only a subset of the scattering resonances is observed i & s §°
the breakup reactions, and that perhaps the scattering res.g ,gi$$ *
nances may be linked with more than one rotational struc- 3
ture. 50 100 150 200 250

Earlier Murgatroydet al. [16] had suggested that from a J+1) ()
measurement of the”C(*Ne,**C'*C) reaction atEyeam FIG. 8. The energy-spin systematics of resonances observed in

=300 MeV, where no further states were observed beyonthe reactionsa) *2C(*Ne?C!C), (b) *?C(*%0,*2C*?C), and(c)
those at 31.2 and 32.7 MeV seen in the present measuremeftC+ 2C. The open circles correspond uncertain spin assignments.
that there was a termination of a rotational band linked withThe results of a linear fit to the points is shown in Table V.
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TABLE VI. The intercepts and gradients of the linear fits to the pyjit on a ?°Ne core with a 4p-4h excitation to tH¢=23

data in Fig. 8. shell. This association would consequently imply a connec-
_ tion with the shape isomerie-1%0-a structure found in the
Reaction , Slope Intercept Nilsson-Strutinsky{8], Hartree-Fock9], and alpha cluster
h®I2T (KeV) BandheadMeV) model[10] calculations, and supports the speculations origi-
lZC(ZONe,]'ZC lZC) 75815 19.13-0.16 na”y made by Bennettt al. [19]
120(160,12C1%C) 76.0+ 0.8 19.65-0.09
12C+1%C resonances 101#30.3 18.46-0.04 V. CONCLUSIONS

The 2C(*°Ne,*?C'C)®Be and *°C(*°Ne 2Bet®0)®Be re-
actions have been studied, and the results indicate that spe-
ported termination actually occurs &t&12 and notJ=14.  cific states are populated in the excitation energy region 20
On the other handJ=14 states are observed in the to 33 MeV that decay either by’C or 8Be emission. The
12C(*%0,*C*C) reaction in this region. measurement of the angular distributions of the decay prod-

These observations may be explained by two possible scerts suggests that the spins of the states lie between 6 and
narios. The first pOSSlblllty is that the states observed in thq2ﬁ The levels observed in these decay channels appear to
?C+?°Ne measurement are confined entirely within thecorrespond in terms of both excitation energy and spins with
sd-shell (which would giveJ,,,=12 for the fully aligned  those populated in th&C(1%0,*C1%C) reaction. The obser-
configuration, and that the)=14 states arise from a differ- vation that the states are much more strongly populated in
ent *“Mg configuration within thefp shell. Alternatively, the  the q-transfer reactiofil1] supports the notion that they are
states observed in th&C+?MNe reaction correspond to a associated with a 4p-4*Mg excitation, based upon a
4p-4h excitation to thefp shell, which would result in  20Ng . core. This conclusion would further suggest that
Jmax= 20 for the fully alignedsd andfp-shell nucleons, and these states may be linked with the decay of a prolate,
that the transfer reaction only populatks,,= 12 states cor-  4-1%0-q, ?*Mg shape isomer.
responding to the transfer of the particle into the orbits in
the 4, orbit.

The fact that in the measurement of tHéC(*®0,'*C
+12C) reaction thel= 14 resonances follow the continuation ~ The authors would like to acknowledge the financial sup-
of the lower spin resonances od@+ 1) trajectory(Fig. 8), port of the U.K. Engineering and Physical Sciences Research
does suggest that they are linked via a common structur&ouncil. The work of the Physics Division, Argonne Na-
suggesting that the configuration isd)*(fp)*. tional Laboratory is supported by the U.S. Department of

Thus, the present data suggest that the majority of th&nergy, Nuclear Physics Division, under Contract No.
12C+12C breakup states are associated with a configuratiokV-31-109-Eng-38.
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