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Final-state interactions in the C( 0, C 2C)n and O(i60, Ci6Q)n reactions
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The population of excited states in Mg and Si has been investigated through the reactions
C( 0, C C) and 0( 0, C O)n, at beam energies of 80.5 and 99 MeV. The heavy-ion

fragments from the breakup of the Mg and Si nuclei were detected in coincidence, permitting a
study of both the reaction kinematics and the spins of the Gssioning states. These measurements
indicate a series of states in Mg between 25 and 32 MeV with spins ranging from J=1G to 14 5.
Evidence was also found for the breakup of Si into C+ 0 from states between 27 and 29 MeV.

PACS number(s): 25.70.Ef, 27.30.+t

I. INTR.ODUCTION

The appearance of resonances in many scattering sys-
tems has motivated a considerable number of experi-
rnents [1]. However, it is the study of the resonance phe-
nomena in Mg which has attracted the most attention.
Detailed measurements of the energies, spins, and partial
decay widths of resonances observed in this system, us-
ing a variety of experimental techniques, have identified
groups of resonances with common structural properties.

More recently, studies of breakup reactions have ob-
served highly excited states in Mg which Gssion into
two C nuclei, e.g. , C( Mg, C C) C [2,3]. This
experimental technique diII'ers from the earlier studies of
resonances in colliding systems, in that the spectrum of
states populated in the Mg nucleus is not constrained
to a particular energy or angular momentum. Typically,
a spectrum of excitation energies with a range of angu-
lar momenta may be accessed in a single measurement.
The drawback of such reactions is that they result in the
production of three or more particles in the 6.nal state.
This has necessitated the d.evelopment of multiple par-
ticle coincidence detection techniques in order to recon-
struct fully the reaction kinematics and to extract spin
assignments from an analysis of the breakup angular cor-
relations.

A number of studies of the C( 0, n) Mg* reaction
have been performed [4—7], which appeared to indicate
the formation of a number of highly excited states in

Mg. These states were thought to correspond to the
resonances in C+ C inelastic scattering Ineasurements
first observed by Cormier et al. [8,5]. However. the de-
tection of the o. particles alone does not constrain the
reaction suKciently, as there is a large Q.-particle contri-
bution from the C(isO, 2C,n) C projectile breakup
reaction. In fact, it has been demonstrated that the ma-
jority of the structures in the o.-particle singles spectra
could be attributed to projectile breakup [9—13]. Detailed
measurements of the kinematic behavior of the peaks in
the n-particle spectra [14,15] did, however, indicate that

some of the smaller structures could be associated with
the formation of Mg excited. states.

Coincident experiments, where a C nucleus is de-
tected along with the n-particle recoil [16] or where two

C nuclei were detected [17], found further evidence for
a series of states between 25—35 MeV with large C+ C
decay widths [16]. The first measurements of the spins
of the Mg states populated through this reaction were
made by Costanzo et aL [18—20]. In these measurements,
the coincidence detection of the two C nuclei with posi-
tion sensitive detectors permitted a complete reconstruc-
tion of the C+ C+o. final state, facilitating the elimi-
nation of the contribution &om projectile breakup. This
detection technique also allowed the angular correlations
of the final state particles to be studied, and thus the
spins of the Mg states to be deduced. A number of
states between 25 and 37 MeV were identified, and a
spin of J = 12h was inferred for states at 30.7 and 31.6
MeV and J = 148, for states at 35.1 and 36.5 MeV. On
the basis of these measurements the authors suggested
a connection between these Mg states and resonances
observed in the C( C, n) and C( C, Be) reactions
[1,21,22]. These "barrier resonances" are believed to be
evidence of the rotational and vibrational degrees of free-
dom of a quasimolecular C+i C configuration [23].

In general, the existing data are rather limited,
and thus it is important to establish the full energy-
spin systematics of the Mg states populated in the

C( 0, Ci2C)ci reaction in order to confirm the con-
nection with a quasimolecular C+ C configuration. In
this paper we report further measurements of the spins of
4Mg states populated in the i2C( 0, C C)n reaction

at Eb ——80.5 MeV and 99 MeV. We also report on the
search for the formation of Si excited states through the
sO( O, i Oi2C)n reaction at the same beam energies.

II. EX.PEHIMENTAL DETAILS

The C( 0, C C)n and 0( 0, C O)n reac-
tions have been studied with beam energies of 80.5 MeV
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and 99 MeV, produced &om the Australian National Uni-
versity's 14UD tandem accelerator. The integrated beam
exposures were 11 mC and 4 mC for the beam energies
80.5 and 99 MeV, respectively.

The target foils employed in these measurements were
composed of 200 pg cm of 8203 on a backing of 10
pg cm of C. This particular target allowed the si-
multaneous study of a number of diferent reactions. The
reaction parameters determined by the detection system
used in these measurements permitted the identification
and separation of the products &om the various target
components.

The two heavy ions produced in these reactions were
detected in two gas-silicon hybrid detectors [24]. The sil-
icon elements of these detectors were 5x5 cm 16 strip,
position sensitive silicon strip detectors (PSSSD s). The
strips were orientated horizontally such that the detec-
tors determined the position of the incident nuclei to
within 200 pm in this direction, whereas the measure-
ment of the vertical position was determined by the strip
pitch (3000 pm). The gas detectors were operated at a
pressure of 40 Torr of propane, and with 3.5 pm My-
lar windows. This relatively low propane pressure was
used in order that the energy threshold (due to the AE
E coincidence requirement) on the detection of the i2C

and 0 nuclei was minimized. This permitted the de-
tection of nuclei with energies as small as 15 MeV, while
still retaining sufIicient Z resolution to perform particle
identification.

The hybrid detectors provided a determination of the
charge, energy, and emission angle for each of the de-
tected particles. From this information, the momenta of
the two detected nuclei were deduced, and through the
principle of momentum conservation the momentum of
the third, undetected nucleus was determined. The two
detectors were positioned symmetrically about the beam
axis, and covered the angular ranges 22.25 to 37.75
and 15.25 to 30.75 for the beam energies of 80.5 and
99 MeV, respectively. The energy and position response
of the silicon detectors were calibrated with 35 MeV and
45 MeV C ions and 39 MeV 0 ions scattered &om

C Al, and Au targets.

III. RESULTS AND DATA ANALYSIS

A. The C( 0, C C)n reaction

Figure 1 shows the three-body Q-value (Qs) spectrum
for events in which two C nuclei were detected, and
for an assumed o.-particle recoil. In this instance the
beam energy was 80.5 MeV. The reaction Q value can be
deduced &om the following relationship

Q3 Ebeam E~2c(1) E~~c(2) En

The energy, E, of the unobserved o. particle was deduced
&om the momenta of the two detected. C nuclei. The
peaks in this spectrum correspond to the three possible
combinations of the two C nuclei being produced in
their ground and first excited states (E = 4.4 MeV). The

C( 0, C C)o, Eb„——80.5 MeV
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FIG. 1. Three-body Q-value spectrum constructed for the
detection of two C nuclei and an assumed o. recoil.

Q-value energy resolution is 850 keV and is dominated
by the energy resolution of the hybrid detectors.

The mass of the recoil-like particle was deduced &om a
comparison of the calculated recoil momentum with the
recoil energy using the technique developed by Costanzo
et al. [19]. The mass of the unobserved particle can be
deduced f'rom the gradient of the Qs loci in a plot of
Ebeam Ei~~(i) Ei2c(2) against the recoil momentum,
which is deduced &om the momenta of the two C nu-
clei. This analysis confirmed the inferred recoil mass of
A = 4, and furthermore that there was no evidence for
any contribution from the reaction B(i 0, C 2C) H

(Qs ———5.83 MeV).
The relative kinetic energies (E„i)of the three final

state particles were calculated for the case that both C
nuclei were in the ground state

E =1 m'
rel

2 + ref(l —2) &mi m2

where mi and m2 are the masses of the two nuclei and
v, ~(i 2) is their relative velocity. The relative energy
spectra may be used to indicate which two of the three
final state particles were produced from the decay of an
excited nucleus. For example, peaks in the reconstructed

C-o, relative energy spectra would indicate that these
particles were produced from the decay of an 0 nucleus,
or a peak in the i2C i2C r'elative energy spectrum would
indicate the decay from an excited Mg nucleus.

The excitation energy of the 0 nuclei can also be cal-
culated, but with slightly better resolution, through the
application of two-body kinematics by assuming each of
the two detected C nuclei to be the recoil &orn the re-
action C( 0, 0') C. The excitation energies of the
60 nuclei calculated in this latter manner are plotted

against each other in Fig. 2, again for the 80.5 MeV
measurement. It is clear that the dominant contribution
to these data is indeed &om the decay of excited states in

0 into C+n, which appear as horizontal and vertical
loci in the figure. However, there is also evidence for a
series of diagonal trajectories in the excitation energy re-
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FIG. 2. Plot of the two reconstructed 0 excitation en-

ergies. The horizontal and vertical loci correspond to 0
excited states. Evidence for a C- C fj.nal-state interac-
tion xnay be observed in the region E ( O)i )15 MeV and
E (' O)g )15 MeV.
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gion E ( 0)i )15 MeV and E (isO)2 )15 MeV, which
would indicate the presence of a C+ C Gnal-state in-
teraction (FSI).

In order to enhance the relative intensity of the
C+ C FSI, the C+o. data have been excluded be-

low E ( 0) =16.5 MeV, a procedure which was also
performed by Costanzo et al. [18]. Figure 3(a) shows the
resulting Mg excitation energy spectrum for the 80.5
MeV measurement. There appear to be a number of
states with excitation energies of 25.4, 26.2, 27.2, 27.9,
29.0, and 31.5 MeV and there is an indication of fur-
ther states at 23.0, 29.7, and 32.6 MeV. These excita-
tion energies should be compared with those reported by
Costanzo et al. [18,19] for the i2C(iso, i Ci~C)n reaction
studied at 85 MeV. These authors found evidence for a
series of states in Mg at excitation energies of 26.3,
27.3, 28.4, 29.2, 30.7, and 31.6 MeV. There appears to
be good agreement between the data in the spectrum in
Fig. 3(a) and the data of Costanzo et a/. , if the spectra
in Fig. 3 are shifted by —700 keV. Such an energy shift
would correspond to a 1.5 shift in one of the detector
angles in either of the measurements. We have performed
a detailed analysis of our data, in particular the 0 ex-
citation energy spectra calculated from the kinematics of
the C recoil. These spectra are very sensitive to the
angles of the detectors. With the calibrated energies and
angles, 0 excited states are found at energies of 10.4,
11.1, and 14.8 MeV in good agreement with the tabulated
values [25]. Such an agreement cannot be sustained if the
angles of the detectors are oKset so as to reproduce the
24Mg excitation energies reported in Refs. [18,19]. This
analysis would further indicate that the uncertainty in
our energy assignments is +100 keV.

22 24 26
I I

28 30

E„(Mg) (MeV)

I

32
I

34

Figure 3(a) also shows the detection efficiency deter-
mined as a function of the Mg excitation energy, using
the Monte Carlo technique. This Monte Carlo calcula-
tion simulates the response of the detection system, e.g. ,

the energy and angular acceptances, and also the energy
and angular distributions of the reaction products. For
these calculations, the primary Mg*-~ and subsequent
decay angular distributions were both assumed to pos-
sess a 1/sino dependence. The efBciency profile shown in
Fig. 3(a) has also included the effects of the 0 excita-
tion energy restrictions, which were imposed in the data
analysis. The eKciency profile indicates that the peak at
E ( Mg)=31.5 MeV is in fact stronger by a factor of 2

than the states between 26—30 MeV and that the states
below 26 MeV are similarly suppressed by the reduced
detection efBciency.

Figure 4 shows the relative energies of the two C nu-
clei and the o. particle for the 99 MeV reaction data. In
this instance the detector geometry favored the detection
of the C- C FSI, causing the data to be concentrated
on a diagonal line in this figure. The data are shown pro-
jected onto the C- C relative energy axis in Fig. 3(b),
which shows that the bulk of the data are restricted to
the state at 27.2 MeV. The appearance of a single state
in this spectrum may not be attributed to the detection

FIG. 3. Mg excitation energy spectra overlaid with the
calculated detection efficiency. (a) Eb, =80.5 MeV, (b)
Eb =99 MeV.
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FIG. 4. Plot of the two reconstructed 0 excitation ener-
gies for Eb, ——99 MeV. The C- C final-state interaction
is apparent as a diagonal line.

the study of the angular correlations of these particles.
The angular correlations may be used to further deter-
mine the angular momenta involved in the reaction pro-
cess, and are described in terms of the two angles 0* and
@ [26], for correlations confined to the reaction plane. 8'
describes the center of mass emission angle of the excited
24Mg nucleus, and @ the subsequent emission angle of the

C &agments, both measured with respect to the beam
axis. The correlation angles are illustrated. in Fig. 7.

Figure 8 shows the primary (8') angular distribution
for the state at 27.2 MeV (Eb, =80.5 MeV). In this
measurement the d.etection system was only sensitive to
the angular ranges 0 & 8* & 50' and 130 & 8* & 180 .
The important feature of the experimental data is that
the forward and backward angle yields are of similar in-
tensity. Similar angular distributions were found for the
states at 27.9 and. 29.0 MeV. For the state at 31.5 MeV
there was zero detection efficiency for 0* ) 40, and con-
sequently no backward angle yield was observed. The
angular distribution in Fig. 8 has been calculated by nor-

efficiency, since the Monte Carlo calculations show that
experimental arrangement was sensitive to a broad distri-
bution of excitation energies. A comparison of the yields,
normalized for detection efficiency, at the two beam en-
ergies indicates that there is a reduction in the reaction
cross section at the higher beam energy by a factor of 5
for the 27.2 MeV state, and )15 for the other states.

Figures 5(a) and 5(b) show plots of the i 0 excita-
tion energies, for the 80.5 MeV data, for the case when
one or two of the C nuclei are produced in the first
excited state [E ( C)=4.4 MeV, J = 2+]. Figure 5(a)
has been constructed assuming the excited C nucleus
is the recoil. For the 0 excited states at ~15 MeV
there is an ambiguity, since these states can also o. de-
cay to the C, 2+ state with the recoil particle then in
the ground state. This ambiguity results in a &action
of the yield for the 14.8 MeV state being displaced by
—4.4 MeV. Again in the energy region E ( 0)i &15
MeV and E (isO)2 &15 MeV, there appears to be evi-
dence for diagonal structure in Fig. 5(a). However, such
strong features are not found in Fig. 5(b). Figures 6(a)
and 6(b) show the 2 Mg excitation energy spectra corre-
sponding to the i2C(2+)+ 2Cs, and C(2+)+ C(2+)
decay channels, produced under the excitation energy
constraints E ( 0) & 16.5 MeV. These spectra do not
possess the same degree of structure which was present
in the decay to Cg, + Cg, . However, there is some evi-
dence for two states in the 2C(2+)+ Cs, decay chaxinel
at 29.9 and 31.0 MeV, and a state at 31.8 MeV in the

C(2+)+ C(2+) channel. These states would appear to
have no counterparts in the Cg, + Cg, decay channel.

B. Angular correlation measurements

25 e ~

20")
CD

Gl

0 15"

1 0 as

5--

25 a a

~2Q~m)
CD

Ol

0 15"
X

LLJ

10"

5am

10 15 20 25

5 10 15 20 25

E„(0), (MeV)

The complete determination of the kinematics of the
reaction resulting in the C+ C+o. anal state permits

FIG. 5. Plot of the two reconstructed 0 excitation en-
ergies for Eb ——80.5 MeV, and for final states composed of
(a) C(2+)+ C+n and (b) C(2+)+ C(2+)+o.
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rection). Thus, the decay of the 2 Mg nucleus is such that
the angular distributions of the two C decay products
are described by Legendre polynomials of order J, where
J is the spin of the Mg excited state. At scattering
angles away &om 0*=0, the magnetic substate popula-
tion of the Mg nucleus is no longer constrained, and
a variety of reaction amplitudes contribute to the angu-
lar distributions. Rather than destroying the structure
of the correlation pattern which is evident at 0*=0, the
correlation pattern becomes shifted such that

d 0
oc ~Pg[cos(g+ Ag)]~ (4)

where b, @ = Ae*ly/J and lf is the final state grazing
angular momentum. Consequently, the 8*-@correlations
appear as a series of diagonal ridges which intercept the
0'=0, @ axis at points corresponding to the maxima of
the function ~Pg(cos@)~ . This result was arrived at by
Da Silviera [27] by considering the classical relationship
between the angular momenta involved in the reaction,
and later quantum mechanically by Marsh and Rae [28].
The spin of the 24Mg states can thus be deduced through
an examination of the vjr dependence of the correlations
along the 0*=0 axis. However, in this measurement the
0*=0, @ coverage is rather restricted. Consequently, we
have performed a projection of the correlations onto the
0*=0axis at an angle parallel to the ridge structure. This
then results in angular distributions whose periodicity,

but not necessarily whose amplitude, refiects the spin of
the nucleus, J.

Figure 10 shows the results of these projections for
the states at E (24Mg)=27. 2, 27.9, 29.0, and 31.5 MeV.
For the two states at 27.2 and 27.9 MeV these spectra
are inconclusive since the g angular range is still too
restrictive. Further, since the minima in the correlations
for these states are rather shallow, this would. appear to
suggest that there are perhaps a number of states with
difFering spins contributing to the correlations. For the
two states at 29.0 and 31.5 MeV the correlations are much
clearer, and indicate spins of J=12 and 145, respectively.

The second method. for determining the spins of the
Mg states, which is independent of the first, is the

study of the gradient of the ridges in the 0'-@ corre-
lations, i.e., the angle at which the projections were per-
formed. The gradient of the correlations reHects the an-
gular momenta involved in the reaction, 40*/4@ = J/lf .
If the C( sO, Mg*)n reaction proceeds through a nar-
row angular momentum window, then only a few values
of l, (the incident grazing angular momentum) and lf
contribute. Furthermore, if the Mg nucleus decays per-
pendicular to the angular momentum axis 3, then there
is a direct relationship between J and lr (i.e. , lr=l; —J)
and hence J/ly is uniquely defined [27,28]. The gradi-
ents at which the projections were performed are shown
in Table I.

The correlations for the two states at 29.0 MeV (J =
12h) and 31.5 MeV (J=14h) indicate l;=18.8 +0.65 and
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FIG. 13. Pj.ot of the reconstructed Q and Ne excita-
tion energies. The horizontal and vertical loci correspond
to Q and Ne excited states, respectively. Evidence for a

C- Q 6nal-state interaction may be observed in the region
E ( 0) )16.5 MeV and E' ( Ne) )26 MeV. The dashed
lines represent limits below which data were excluded for the
E ( 0) and E ( Ne) projections.

kinematics and that the detected ~C and 0 nuclei
are recoil-like particles, corresponding to the reactions

0( 0, On) C and 0( 0, Cn) 0, respectively.
This spectrum corresponds to the condition that all of
the Anal state particles are in the ground state. There
is clear evidence for the C+ 60+a Gnal state being
produced through the o, decay of excited states in 0
and Ne, which correspond to horizontal and vertical
loci, respectively. In the 0 case, the decay proceeds
&om excited states at 11.2 and 14.8 MeV, and the alpha
decay of the Ne nucleus is predominantly &om states
between 10 and 25 MeV [E (z Ne) =11.9, 13.5, 15.3, 21.1,
and 24.2 MeV] which can be associated with states ob-
served in the ~ C(~so, zoNe* ) Be reaction [29]. There is
only a weak indication of evidence for diagonal ridges
in this spectrum in the region E ( 0) )16.5 MeV and
E (zoNe) )26 MeV. The data appearing in this energy
window are shown projected onto the Si excitation en-
ergy axis in Fig. 14. There would appear to be possibly
some evidence for states at 27.3, 28.1, and 28.6 MeV. The
statistics and the angular correlations for these states
were too restricted to yield angular momentum informa-
tion, consequently we are unable to suggest spins.

An examination of the relative yields for the two re-
actions C( 0 C C)n and 0( 0 0 C)n would
indicate that the reaction cross section for the second re-
action is a factor of 5 smaller than the first. This is based
upon the assumption that the angular distributions are
similar in both cases. The more restrictive energy cuts
imposed in the analysis of the C+ 0 data and the use
of symmetric detector angles with an asymmetric decay

channel, results in nearly an order of magnitude reduc-
tion in the detection efBciency for the 6ssion of Si when
compared to ~4Mg. These contributions and the diR'er-

ence in the C and 0 target thickness accounts for the
factor of 10 difference in the observed yields.

No evidence for any C+ 0 breakup yield was ob-
served for the beam energy of 99 MeV, even though the
detectors were sensitive to a similar Si excitation en-
ergy region.

IV. DISCUSSION

TABLE II. A summary of the states observed in this mea-
surement of the C( 0, C C)n reaction.

E (MeV)
(23.0)
25.4
26.2
27.2
27.9
29.0

(29.7)
31.5

(32.6)

(10)
(12)
12

14

The results of the measurements for the breakup
of Mg into two C nuclei, populated in the

C( O, z Mg*)n reaction are summarized in Table II.
We have observed a number of excited states in the re-
gion 23 to 32 MeV, with spins &om 10 to 14h.

Costanzo et al. [19] reported a spin of J = 12 6 M for
a state at 30.7 MeV, which we have associated with the
state at 31.5 MeV in the present measurement for which
we assign a spin of 14k,. The uncertainty in this ear-
lier measurement was due to the restricted 8*-@angular
coverage which made the interpretation of the angular
correlations dificult. We have confirmed that if the data
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in the present measurement are similarly restricted it is
possible to misinterpret the spin of the state as J = 12h.
Costanzo et aL [20] have also proposed J=14 assignments
for the states at 35.1 and 36.5 MeV. The angular dis-
tribution measurements for these states were limited to
the observation of only three maxima, centered around
@=90', hence it would appear to be dificult from this
evidence alone to confidently distinguish between J=14
and J=16. However, the gradient of the correlations,
Fig. 4 in Ref. [20], indicate that l;=22.5 and 25.5h for
J=14 and 16, respectively. The systematics of the mea-
surements performed at 80.5 and 99 MeV would suggest
that l;=23h for Eb ——113 MeV. This would appear to
support the J=14 assignment. However, this should be
confirmed by measuring the angular distributions over a
wider g range.

Figure 15 shows a comparison of the measured energies
and spins of the states observed in the i C( O, i C C)o.
reaction with the energy-spin systematics of the barrier
resonances. The three states at 27.9, 29.0, and 31.5 MeV
appear to lie outside the locus of the barrier resonances,
whereas the states at 27.2, 35.1, and 36.5 MeV appear to
correlate with the trend of the barrier resonances. These
measurements thus indicate that these Mg states may
not all be related to the barrier resonances, and that
perhaps a combination of Mg configurations may be
required to fully explain the data. Indeed, if the states
at 35.1 and 36.5 MeV were 16+, it might be conjectured
that a separate band is involved.

The symmetry of the primary (0*) angular distribu-
tions about 0*=90, which has been observed for the
states at 27.2, 27.9, and 29.0 MeV states, is consistent
with an excitation process which is linked to the Si
compound nucleus. Earlier measurements had suggested
that a transfer-type process may be responsible for the
excitation of the Mg states. Costanzo et al. [20] had

45--

40--

35-
CD

30CD

X

25-

20-

found that the Brink matching conditions [30] could de-
scribe both the excitation energy and spins of the ob-
served states, and thus concluded that either (i) a trans-
fer of a C from the 0 projectile to the C target,
or (ii) a transfer of Be from the 2C target to the isO
beam, were responsible for the excitation process. The
observation of a 0* angular distribution which is forward
and backward peaked with similar intensity would sug-
gest that direct transfer may not be the excitation pro-
cess. For the transfer reaction to reproduce the experi-
mental 0* angular distribution, the Be and C transfer
cross sections must be of equal magnitude, i..e., the spec-
troscopic factors for the transfer of Be and C nuclei
&om C and 0, respectively, are the same. This de-
scription would further require that two diferent transfer
processes lead to the population of the same states.

Furthermore, &om the Brink matching conditions, an
increase in the beam energy would be expected to result
in an increased angular momentum transfer. Contrary to
this, this experiment has observed that when the beam
energy was increased &om 80.5 to 99 MeV it was the
lowest spin state (J=10) which was favored over those of
higher spins (J=12, 14). Again, this would seem to point
to the role of the Si* compound system in the reaction
process, and/or perhaps the rather different nature of
the 27.2 MeV state. This latter feature may indicate
that diferent structures are being populated in the Si
nucleus at the two energies, which preferentially couple,
through the o.-decay process, to particular states in Mg
which possess a close structural link to those in Si.

V. SUMMARY AND CONCLUSIONS

The i2C(isO z Mg*-+ 2C+ C)n and the
0( 0, Si*~ C+ O)n reactions, studied with

Eb ——80.5 MeV, appear to populate states in Mg and
Si in the excitation energy intervals 23 to 33 MeV and

26 to 30 MeV, respectively. In the case of Mg, we
have made spin measurements for several of the observed
states. The deduced energy-spin systematics would ap-
pear to place several of the states below the locus of the
barrier resonances. These data and the earlier measure-
ments of Costanzo et a/. indicate that the Mg states
may be associated with a combination of nuclear con-
figurations which may include that connected with the
barrier resonances. The angular distributions and en-
ergy dependence of the reaction cross section further sug-
gest that the excitation mechanism for the population of
these states may be closely linked to the Si compound
nucleus.

300

J(J+1) (s )

200 300

ACKNOWLEDGMENTS

FIG. 15. The energy-spin systematics of resonances ob-
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