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12C¿12C and 16O¿8Be decay of 24Mg states populated
in the 12C„

20Ne,24Mg* …8Be reaction
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The 12C112C and 8Be116O decay of 24Mg states populated in the12C(20Ne,24Mg* ) reaction has been
studied at beam energies of 160 and 110 MeV. Evidence for excited states, which decay by12C and 8Be
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 to 12\. These measurements further indicate that the breakup
states possess a 4p-4h structure.
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I. INTRODUCTION

The study of the spectroscopy of nuclei at excitation
ergies in excess of 10 to 20 MeV is a considerable challen
Typically both backgrounds and level densities mask
states of interest. Moreover, for states populated as r
nances with spins greater than a few units, populated in
elastic scattering or transfer reactions, the angular distr
tions are often featureless, prohibiting the extraction
angular momentum information. Breakup reactions, ho
ever, may be used to successfully combat these difficu
@1#. In such measurements, the binary decay of the exc
states is observed by recording the two decay product
coincidence, and the excitation energy of the parent sys
may then be reconstructed in a relatively background f
environment. The measurement of the emission angle di
butions in the center-of-mass frame of the decaying nuc
may also be used to provide a relatively model independ
determination of their spins@2,3#.

This experimental technique has been used successfu
study the12C112C decay properties of the nucleus24Mg. In
a region of excitation energy, 20 to 40 MeV, where the d
sity of states is considerable, the decay of specific states
two 12C nuclei is observed, and a series of measurem
have produced detailed spin information@4–6#. The trend in
the energy-spin systematics of these states follows a r
tional J(J11) trajectory with a moment of inertia whic
indicates that the decay is from a highly deformed24Mg
excited configuration, reminiscent of the resonances
served in 12C112C scattering measurements@7#. It is pos-
sible to interpret these data in terms of the decay of a sh
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isomeric configuration, associated with a secondary m
mum in the deformed potential. Such a minimum would
sult from shell structure in the single-particle level scheme
the deformed potential, as observed in systems with su
deformed bands and fission isomers. Shape isomeric s
tures are in fact predicted by a variety of nuclear models,
example Nilsson-Strutinsky@8#, Hartree-Fock@9#, and also
alpha cluster model@10# calculations.

These models, however, predict not only one shape
mer but several, many of which have structural characte
tics which would allow the decay into two12C nuclei. As-
suming that the breakup states are associated with a un
isomer it is therefore not clear which one. The mechanism
which the states are populated may offer an answer. It
been observed@11# that such states are most strongly pop
lated via the12C(20Ne,24Mg) reaction@12# when compared
with, for example, inelastic excitation@4# or via the more
complex 12C(16O,24Mg) reaction @6#. This comparison
would indicate that the states in24Mg with large 12C112C
decay branches possess a close link with a 4p-4h config
tion built on a 20Negs core. No spins, however, have bee
measured for the states populated via thea-transfer reaction
and thus connection with the breakup states observed
other reactions cannot be assured.

In this paper we present a study of th
12C(20Ne,12C12C)8Be and 12C(20Ne,8Be16O)8Be reactions
aimed at determining the excitation energies and spins of
states previously observed in previous work@12,13#.

II. EXPERIMENTAL DETAILS

The 12C(20Ne,12C 12C)8Be and12C(20Ne,8Be16O)8Be re-
actions were studied at the Argonne National Laborat
ATLAS linac facility. 20Ne beams of energies 160 and 11
MeV, with intensities of;50 enA, were incident on 50
mg cm22 natural carbon targets. The integrated beam ex
sures for the two energies were 15.1 and 2.8 mC, resp
tively.
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The 16O, 12C, and 8Be decay products were detected
two gas-silicon hybrid telescopes. The gas ionization cha
bers, operated at pressure of 50 Torr with 5mm thick Mylar
windows, and possessing a 5 cmactive depth, provided the
DE signal. The silicon elements of the telescopes were 5
by 5 cm, 16 element, position-sensitive strip-detectors. Th
detectors provided a measurement of the full energy of
incident ions and their position with resolutions of 300 ke
and 0.25 mm, respectively. The segmentation of the sili
detectors also allowed the detection of the twoa-particles
from the decay of the8Be nuclei within a single telescope
Further details of the performance of these detectors is g
in Ref. @14#. The silicon elements of the telescopes we
placed 18.0 cm from the target and symmetrically about
beam axis at an angle of 18.0°. The uncertainty in the an
of the detectors is 0.1° which leads to a systematic un
tainty in the reconstructed excitation energies of;200 keV.

The performance of the detectors was calibrated us
a-source measurements and elastic scattering of 80 M
12C nuclei from 12C, 27Al, and 197Au targets.

III. DATA ANALYSIS AND RESULTS

By plotting the measured gas signal against the ene
deposited in the strip detectors it was possible to iden
incident ions with chargesZ56 andZ58 ~the detectors do
not provide explicit mass resolution!. Identification of 8Be
decays was made by reconstructing the8Be excitation en-
ergy spectrum for all events in which particles entered t
strips within a single detector. The reconstructed peak a
energy of 92 keV was then used as a unique signature fo
detection of8Be nuclei.

Following the identification of the decay products, su
energy spectra were calculated for12C112C and 8Be116O
coincidences,

Etot5E11E21Erecoil , ~1!

whereE1 andE2 are the energies of the detected fragme
and Erecoil is the energy of the unobserved recoil, reco
structed from the momenta of the two detected breakup p
ucts. Etot is related to the reactionQ value via Q5Etot
2Ebeam. The associated sum energy spectra are show
Fig. 1. The peaks in these spectra may be then used to is
the various final states of the12C and 16O nuclei. For ex-
ample, in Fig. 1~a! a peak is observed atEtot5147.8 MeV
(Q5212.2 MeV! corresponding to the final state in th
12C(20Ne,16O8Be)8Be reaction where all nuclei are left i
their ground states (Q5212.19 MeV!. The 21 excitation
of the 8Be recoil may also be observed in this spectru
Similarly, in Fig. 1~b! there is a peak atEtot5147.8 MeV
(Q5212.2 MeV! corresponding to all of the final state nu
clei in the 12C(20Ne,12C 12C)8Be reaction being formed in
their ground states (Q5211.98 MeV!. Monte Carlo simu-
lations of the reaction and detection processes, including
experimental resolutions, indicate that theEtot resolution
should be 1.3 MeV@full width at half maximum~FWHM!#,
in reasonable agreement with the experimental meas
ments.
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By gating on the peaks in Fig. 1 labeledQggg , events in
which all final state particles were produced in their (J50)
ground states could be selected. The24Mg excitation-energy
spectrum was then calculated from the measured emis
energies and angles of the detected fragments. Figur
shows the reconstructed excitation energies for the two de
channels at the beam energies of 160 and 110 MeV.
lines in these spectra are the results of Monte Carlo sim
tions of the experimental detection efficiencies. These ca
lations simulate the response of the detectors in terms of

FIG. 1. Total energy spectra for the~a! 12C(20Ne,16O8Be)8Be
and ~b! 12C(20Ne,12C 12C)8Be reactions atEbeam5160 MeV. The
vertical dotted line indicates the expected sum energy for a fi
state in which all particles are produced in their ground states.

FIG. 2. Excitation energy spectra for the~a! 12C112C decay
channel at Ebeam5110 MeV, ~b! 12C112C decay channel a
Ebeam5160 MeV, ~c! 16O18Be decay channel atEbeam5110
MeV, and ~d! 16O18Be decay channel atEbeam5160 MeV. The
line in each plot is the calculated detection efficiency for each
action.
7-2
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12C112C AND 16O18Be DECAY OF 24Mg STATES . . . PHYSICAL REVIEW C 63 034317
energy and angular acceptances and also attempt to gen
reaction products with realistic energy and angular distri
tions. The reaction process is simulated by assuming tha
initial 12C(20Ne,24Mg* )8Be reaction proceeds viaa-transfer
and may be reproduced by a simple exponential form. T
decay process is, on the other hand, assumed to be isotr
As the experiment was sensitive to24Mg emission angles
close to 0° then the detection efficiency depends o
weakly on the exponential falloff factor used in the simu
tions. These approximations lead to an uncertainty in
absolute detection efficiency, but do provide a more accu
determination of the relative detection efficiencies for t
two channels and, most importantly, they provide an indi
tion of how the efficiency varies with the changing24Mg
excitation energy. Figures 2~a! and 2~b! show the recon-
structed excitation energy spectra for the12C112C decay
channel for the 110 MeV and 160 MeV beam energies
spectively. Similarly, Figs. 2~c! and 2~d! show the excitation
energy spectra for the8Be116O decays. It is immediately
apparent that the structure in the12C112C decay channel is
much more pronounced than for the8Be116O decays, due in
part to the symmetry of the12C112C decay process, which
samples only states with even spin, and natural parity. On
other hand, both even and odd spin states, but still of nat
parity, can feed the asymmetric decay channel, and henc
density of states in these excitation energy spectra is lar

The peaks in the12C112C spectra for the two beam en
ergies are correlated and agree within 100 keV, sugges
that the same set of states are populated at the two b
energies. There is less evidence for correlated structure
the two 8Be116O decay spectra. However, there would a
pear to be strong evidence for isolated states in this de
channel for the higher energy data@Fig. 2~d!#. TheEtot spec-
tra in Fig. 1 indicates that there is a larger background c
tribution to this breakup channel, which, in part, may a
count for the slightly poorer quality of the excitation ener
spectra.

The peak detection efficiencies for the two decay chann
differ by a factor of 3, indicating that the decay probabiliti
for the two channels are of a similar magnitude. There is
least one significant difference between the spectra for
two decay channels. Particularly in the 160 MeV data,
structure in the 8Be116O decay channel is much mor
strongly damped than in the mass symmetric decay cha
above 30 MeV. This contrasting behavior may point to
significant difference between the states feeding the two
cay channels.

Finally, the Monte Carlo simulations suggest that the
perimental excitation energy resolution is 400 keV, th
many of the widths are dominated by the experimental re
lution and the natural widths are not observed for the ma
ity of the states.

A. Angular correlations

The determination of the full ground state kinematics p
mits the reconstruction of the emission angles of the de
products in both the12C120Ne, and 24Mg* center-of-mass
frames, allowing the spins of the decaying states to be
03431
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duced via an analysis of the correlation between the emis
angles in the two frames. This experimental technique is
scribed in detail in Ref.@15# and references therein. Briefly
the excitation and decay processes can be described in t
of two sets of spherical-polar coordinates; (u* ,f* ) for the
primary reaction, and (c, x) for the decay process. Here,u*
is the scattering angle andc is the decay angle, with both
measured with respect to the beam axis.

Typically, for reactions involving spin zero initial and fi
nal state particles the number of reaction amplitudes
small and the correlations observed between the two an
u* andc take the form of a sloping ridge pattern. The pe
odicity of the ridges is described by a Legendre polynom
of order of the spin of the decaying state, i.e.,PJ(cosc). As
the dominant orbital angular momenta in the reaction
those corresponding to grazing trajectories, the gradien
the ridges is typically given by the ratio of the exit chann
grazing angular momentum to the spin of the state popula

Du*

Dc
5

J

l f
5

J

l i2J
, ~2!

wherel i and l f are the initial and final state grazing angul
momenta. If the ‘‘stretched’’ configuration dominates, whi
is typically the case for such reactions~see@15# and refer-
ences therein!, then the entrance and exit channel angu
momenta can be related via the expressionl f5 l i2J.

The angular correlations therefore provide two signatu
of the spin of the decaying24Mg state. The periodicity yields
a value forJ, which should correlate with that extracted fro
the ridge gradient, assumingl i is known. In addition, the
value of J extracted from the periodicity should provide
consistent value ofl i for all of the correlations. Figures 3–
show the projection of the two dimensionalu* –c correla-
tions, along the ridge locii, onto theu* 50, c axis. The
angle of projection is selected that maximizes the peak
valley ratio. In this way the periodicy of the correlations c
be compared with the functionsPJ(cosc) in order to extract
the spinJ of each states. The results of this analysis, inclu
ing the values ofl i deduced from the projection angle, a
given in Tables I–III.

12C¿12C angular distributions

For the 12C112C decay channel the peak at;23.5 MeV
in the two data sets appears to have a spin of 8@Fig. 3~a! and
Fig. 5~b!, and the shape of the peaks at the two energ
suggests that actually there may be two overlapping sta
Similarly, at 24.5~24.6 MeV in the 110 MeV data! and 25.1
MeV the angular correlation analysis for both beam energ
@Figs. 3~b!, 3~c!, 5~c!, and 5~d!# suggests that the states a
dominated byJ58. The next peak in this decay channel is
26.2 MeV ~26.3 in the 110 MeV data!, and at both energies
the correlation analysis indicatesJ510 @Figs. 3~d! and 5~e!#.
Again, there is good agreement between the two meas
ments withJ510 states observed at 26.8 MeV~26.9 in the
110 MeV data! and 27.8 MeV.

Analysis suggests that the peak at 29.1 MeV has con
butions from spinsJ510 and 12, as gates on the low@Fig.
7-3
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FIG. 3. Projected angular cor
relations for the states observed
the 12C112C decay channel a
Ebeam5160 MeV, for excitation
energies of 20 to 27 MeV. The
solid line in each case correspond
to a uPJu2 function, whereJ is the
spin assigned to the state.
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. At
4~b!# and high excitation energy@Fig. 4~c!# sides indicates
differing dominant spins. The states atEx530.3 and 31.2
MeV appear only in theEbeam5160 MeV data and the cor
relations indicate that both possessJ512. Finally, the 32.7
MeV state observed atEbeam5160 MeV has a correlation
that strongly suggestsJ510 @Fig. 4~f!#, however, the value
of l i is some 3 units less than the mean value at this be
energy. This might indicate an incorrect spin assignme
The results of the above analysis are summarized in Tab
and II.

8Be¿16O angular distributions

Unfortunately, the analysis of the8Be116O decay chan-
nel does not yield such unambiguous results. The numbe
peaks in Figs. 2~c! and 2~d! which show strong correlation
patterns is significantly less than for the symmetric de
channel. This can be explained by the presence of the
pected larger number of different spin states that can de
to this final state. For the 110 MeV data no strong oscillat
03431
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correlations are observed. However, the 160 MeV data
pears to be slightly clearer, which is also indicated by
more structured excitation energy spectrum. As with the12C
decay channel several of the peaks appear to possess c
butions from several states. There is some indication o
peak at 23.0 MeV and a gate to low excitation energy in
catesJ58 @Fig. 6~a!# while a gate on the high energy sid
suggestsJ56 @Fig. 6~b!#. There also appears to be a bro
structure at 23.8 MeV, which appears to only containJ58
contributions@Figs. 6~c! and 6~d!#, and this would coincide
with the J58 state at approximately the same energy o
served in the spectra in Figs. 2~a! and 2~b! ~23.5 MeV!.
There is also aJ510 state at 27.9 MeV which could corre
spond to the state at 27.8 MeV in the12C decay channel with
the same spin.

On the whole there is good agreement in the reconstru
l i values for the above analysis of the two decay channels
Ebeam5160 MeV l̄ i530.3\ and 30.4\ for the 12C and 8Be
decay channels, respectively, andl̄ i522.7\ for the 12C de-
cay channel atEbeam5110 MeV. The observed change inl i
-
in
t

s

FIG. 4. Projected angular cor
relations for the states observed
the 12C112C decay channel a
Ebeam5160 MeV, for excitation
energies of 27 to 33 MeV. The
solid line in each case correspond
to a uPJu2 function, whereJ is the
spin assigned to the state.
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FIG. 5. Projected angular cor
relations for the states observed
the 12C112C decay channel a
Ebeam5110 MeV. The solid line
in each case corresponds to
uPJu2 function, whereJ is the spin
assigned to the state.
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with the beam energy is consistent with the scaling dedu
from the change in center-of-mass energy.

IV. DISCUSSION

The present study represents an advance over the pre
measurements of the12C(20Ne,12C12C) reaction, as here we
present comprehensive spin assignments. This permits
03431
d

us

for

the first time, a detailed comparison to be made with12C
112C breakup states observed in other reactions.

The present measurements may be compared with th
already reported for the12C(20Ne,12C12C) @12,16,17# and
12C(20Ne,8Be16O) @13# reactions. First, the spectrum o
24Mg12C112C breakup states observed in the present 1
MeV measurement is almost identical to that reported for
study with the same reaction and beam energy in R
-
in
t

a

FIG. 6. Projected angular cor
relations for the states observed
the 16O18Be decay channel a
Ebeam5160 MeV. The solid line
in each case corresponds to
uPJu2 function, whereJ is the spin
assigned to the state.
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@12,17#. The present measured excitation energies are, h
ever, 300 keV systematically lower. This discrepancy is c
sistent with the 200 keV systematic uncertainty in the pres
measurement and the uncertainty of the same order pre
in the earlier measurements. Furthermore, the spectrum
states observed in the16O18Be decay channel is very sim
lar to that reported in@13# ~including the reported excitation
energies!, in the study of the12C(20Ne,8Be16O) reaction at
Ebeam5160 MeV. In fact, in this latter study a 92 state was
observed at an energy of 24.43 MeV, which would cor
spond to the measuredJ59 for the 24.3 MeV state.

Detailed spin measurements have also been reported
the study of the12C(16O,12C12C) and 12C(16O,8Be16O) re-
actions @6#. These are compared, for the12C112C decay
channel, with the present measurements in Table IV. Ap
from a small discrepancy in energy~;200 keV!, there ap-
pears to be good agreement between the energies and
of the states for the excitation energy range of 26.4 to 2
MeV. This agreement is not so good above and below th
limits since the strength of the12C(16O,12C 12C) reaction
seems to be attenuated at lower energies while the opp
is true for the12C(20Ne,12C12C) data. However, as noted i
@12,17# if angular momentum matching is important in th
presenta-transfer reaction then the matching is best
J values of 8 to 10, with a calculated suppression by o

TABLE I. Properties of states observed in the12C112C decay
channel forEbeam5160 MeV. In the instance that the correlatio
analysis indicates that a peak may be associated with multiple s

both are indicated, but not a value ofl i . l̄ i530.3\.

Ex ~MeV! J l i

23.4 8 30.9(61.5)
24.5 8,6
25.1 8 27.6(61.5)
26.2 10 30.3(61.0)
26.8 10 30.6(61.0)
27.8 10 31.4(61.0)
29.1 10,12
30.3 12 32.4(60.8)
31.2 12 32.1(60.8)
32.7 10 26.8(60.8)

TABLE II. Properties of states observed in the12C112C decay
channel forEbeam5110 MeV. In the instance that the correlatio
analysis indicates that a peak may be associated with multiple s

both are indicated, but not a value ofl i . l̄ i522.7\.

Ex ~MeV! J l i

22.7 6,8
23.5 8 24.0(61.0)
24.6 8 22.0(61.0)
25.1 8 22.1(61.0)
26.3 10 23.2(61.0)
26.9 10 23.9(61.0)
27.8 10 22.8(61.0)
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order of magnitude forJ56 and 12. Similar calculations
using Brink’s prescription@18# suggests that the reduction o
the beam energy to 110 MeV should enhance theJ58 states
with J56 suppressed by a factor of 2 andJ54 by 20. The
dominance of spins of 8 and 10 in the 160 MeV data, and
shift towards states with spins of 8 for the 110 MeV bea
energy is thus in agreement with these matching calculatio
On the other hand, the12C(16O,12C12C) reaction is likely to

ins

ins

TABLE III. Properties of states observed in the16O18Be decay
channel forEbeam5160 MeV. The more tentative spin assignmen

are shown in brackets.l̄ i530.4\.

Ex ~MeV! J l i

22.4 ~8!

23.0 6,8
23.8 8 28.2(61.5)
24.3 9 32.8(61.5)
24.8 9 30.3(61.5)

~25.3!
25.8 ~9/10!
27.4
27.9 ~10!

29.0
29.9

TABLE IV. A comparison between the excitation energies a
spins of 24Mg states observed in the12C112C decay channel in the
present measurement and those in Ref.@6#. Where states are ob
served atEbeam5160 and 110 MeV the average value ofEx is used.

12C(16O,24Mg) 12C(20Ne,24Mg)
Ex ~MeV! J Ex ~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! 24.5 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!
7-6
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12C112C AND 16O18Be DECAY OF 24Mg STATES . . . PHYSICAL REVIEW C 63 034317
be more complex, perhaps even proceeding through the28Si
compound system as proposed in@6#. This analysis would
suggest that the difference between the two reactions a
extremes of the excitation energy range arises due to
weaker population of states with spin greater or less tha
and 10. Figure 7 shows the two spectra for the reacti
12C(16O,12C12C) (Ebeam5115 MeV! and 12C(20Ne,12C12C)
(Ebeam5160 MeV! overlaid ~the latter spectrum has bee
shifted by1200 keV!. Again, the observed agreement su
gests that the two reactions are in fact probing the sa
states in24Mg.

Table V presents a similar comparison for the16O18Be
decay channels. However, due to the increased complexi
the spectra and the greater uncertainty in the spin ass
ments, this decay channel does not bear the level of scru
applied above to the symmetric decay channel. Howe
there appear to be qualitative similarities in the states po
lated in the two reactions, in that the spins of the states li
the same region. This may also indicate that the two re
tions probe the same structures in the24Mg nucleus.

Figure 8 shows a comparison of the energy-spin syst
atics of the resonances observed in the reactions~a!
12C(20Ne,12C12C), ~b! 12C(16O,12C12C), and ~c! 12C112C.
A linear fit to these systematics is shown in Table VI. T
agreement between the fit parameters for
12C(20Ne,12C12C) and 12C(16O,12C12C) reactions is excel-
lent, strengthening the link between the observed sta
There is less agreement with the12C112C scattering reso-
nance data, where the gradient is steeper. This may sug
that only a subset of the scattering resonances is observ
the breakup reactions, and that perhaps the scattering
nances may be linked with more than one rotational str
ture.

Earlier Murgatroydet al. @16# had suggested that from
measurement of the12C(20Ne,12C12C) reaction atEbeam
5300 MeV, where no further states were observed bey
those at 31.2 and 32.7 MeV seen in the present measurem
that there was a termination of a rotational band linked w

FIG. 7. A comparison between the 160 MeV12C112C excita-
tion energy spectrum from the12C120Ne entrance channel~solid
histogram! and the12C112C breakup spectrum~dotted histogram!
from the 12C(16O,12C12C) (Ebeam5115 MeV! reaction. The excita-
tion energy scale for the former has been adjusted by1200 keV.
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these breakup states, and it was speculated that these t
nating states possessed a spin ofJ514. These states ob
served in the high energy measurements of Murgatroydet al.
@16# are also seen the present measurements, and the an
correlation measurements demonstrate that the highest
state observed isJ512. Thus, we can conclude that the r

FIG. 8. The energy-spin systematics of resonances observe
the reactions~a! 12C(20Ne,12C12C), ~b! 12C(16O,12C12C), and ~c!
12C112C. The open circles correspond uncertain spin assignme
The results of a linear fit to the points is shown in Table V.

TABLE V. A comparison between the excitation energies a
spins of24Mg states observed in the16O18Be decay channel in the
present measurement and those in Ref.@6#.

12C(16O,24Mg) 12C(20Ne,24Mg)
Ex ~MeV! J Ex ~MeV! J

20.8
22.1 ~6,8! 22.4 ~8!

23.1 ~6! 23.0 6,8
23.4 ~8!

23.8 ~8!

24.3 ~9!

24.8 ~9,11! 24.8 ~9!

~25.3!
25.7 ~9,11! 25.8 ~9/10!
26.7
27.3 ~9,11! 27.4

27.9 ~10!

28.8 ~10,12! 29.0
30.1 ~10,12! 29.9
31.6 ~12!

32.5 ~13!

33.4 ~11,13!
34.2 ~11!
7-7
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ported termination actually occurs atJ512 and notJ514.
On the other hand,J514 states are observed in th
12C(16O,12C12C) reaction in this region.

These observations may be explained by two possible
narios. The first possibility is that the states observed in
12C120Ne measurement are confined entirely within t
sd-shell ~which would giveJmax512 for the fully aligned
configuration!, and that theJ514 states arise from a differ
ent 24Mg configuration within thef p shell. Alternatively, the
states observed in the12C120Ne reaction correspond to
4p-4h excitation to the f p shell, which would result in
Jmax520 for the fully alignedsd and f p-shell nucleons, and
that the transfer reaction only populatesJmax512 states cor-
responding to the transfer of thea particle into the orbits in
the f 7/2 orbit.

The fact that in the measurement of the12C(16O,12C
112C) reaction theJ514 resonances follow the continuatio
of the lower spin resonances on aJ(J11) trajectory~Fig. 8!,
does suggest that they are linked via a common struct
suggesting that the configuration is (sd)4( f p)4.

Thus, the present data suggest that the majority of
12C112C breakup states are associated with a configura

TABLE VI. The intercepts and gradients of the linear fits to t
data in Fig. 8.

Reaction Slope Intercept
\2/2I ~KeV! Bandhead~MeV!

12C(20Ne,12C 12C) 75.861.5 19.1360.16
12C(16O,12C12C) 76.060.8 19.6560.09

12C112C resonances 101.360.3 18.4660.04
on

J
D

s.

t.
.
E

-

ro

03431
e-
e

e,

e
n

built on a 20Ne core with a 4p-4h excitation to theN53
shell. This association would consequently imply a conn
tion with the shape isomerica-16O-a structure found in the
Nilsson-Strutinsky@8#, Hartree-Fock@9#, and alpha cluster
model@10# calculations, and supports the speculations or
nally made by Bennettet al. @19#.

V. CONCLUSIONS

The 12C(20Ne,12C12C)8Be and 12C(20Ne,8Be16O)8Be re-
actions have been studied, and the results indicate that
cific states are populated in the excitation energy region
to 33 MeV that decay either by12C or 8Be emission. The
measurement of the angular distributions of the decay pr
ucts suggests that the spins of the states lie between 6
12\. The levels observed in these decay channels appe
correspond in terms of both excitation energy and spins w
those populated in the12C(16O,12C12C) reaction. The obser
vation that the states are much more strongly populated
the a-transfer reaction@11# supports the notion that they ar
associated with a 4p-4h24Mg excitation, based upon a
20Neg.s. core. This conclusion would further suggest th
these states may be linked with the decay of a prola
a-16O-a, 24Mg shape isomer.
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