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Some heavy-ion resonance studies have suggested that entrance channel binding energies and, to
a lesser extent, moments of inertia are important factors in determining whether or not a given en-
trance channel will exhibit resonances. To further investigate this question, two channels which
lead to the *Na compound nucleus, '°B+!*C and 'Li+ 'O, have been studied. When combined
with the results from an earlier !'B+ '>C investigation, an extensive set of data is now available to
study the entrance channel dependence of heavy-ion resonance formation in *Na.

I. INTRODUCTION

Over the past 25 years, the formation of resonances in
heavy-ion reactions has received considerable experimen-
tal and theoretical attention.!'”® Because most early
studies were focused on finding resonances in individual
heavy-ion systems, some very fundamental questions re-
lated to heavy-ion resonance formation were not ad-
dressed. Relatively little was known, for example, about
how resonance formation in a particular compound nu-
cleus depended upon entrance channel.

A model proposed by Thornton et al.? suggests that
the binding energies of the entrance channel nuclei and,
to a lesser extent, their moments of inertia at the grazing
distance, are the most important factors in determining
which systems will resonate. This model has been shown
to be consistent with resonance formation for different
entrance channels leading to the °Al, ?°Si, and *Si com-
pound systems.>

In the present work we test the applicability of this
model to resonance formation in *Na. The »*Na com-
pound nucleus has been chosen for study for three
reasons. First, this compound nucleus can be formed by
three accessible entrance channels: !'B+ '2C, B+ !3C,
and "Li+ '%0. Second, extensive studies of the “He, ®Be,
and elastic exit channels for the !'B+ '2C entrance chan-
nel have revealed the existence of many strong resonance-
like structures.*® Finally, knowledge of the angular
momentum available to the compound nucleus is essen-
tial if one hopes to determine whether or not different en-
trance channels can populate the same compound nu-.
cleus states. The grazing and critical angular momenta
for these entrance channels have been determined in ear-
lier studies of fusion cross sections.’

The effect of the exit channel has been minimized by
studying the same exit channels for each entrance chan-
nel. Since the *He, ®Be, and elastic exit channels were
studied in the earlier "B+ '2C experiment, these were
the exit channels focused upon in the present investiga-
tion.
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II. EXPERIMENTAL PROCEDURES

The "Li+ %0 and '°B+ '3C measurements were made
using "Li, !0, 1°B, and !3C beams from the Florida State
University (FSU) super-FN tandem Van de Graaff ac-
celerator. The particular reactions used in the present
experiment, along with a summary of the projectile ener-
gy ranges, targets, and detector angle settings, are
presented in Tables I and II. In addition, Table II con-
tains a list of the residual excited states studied in the
present experiment. A summary of the "B+ !’C re-
sults*? are also presented in Tables I and II.

For both the "Li+ %0 and °B+ 3C elastic scattering
experiments, AE-E telescopes were used to identify the
scattered particles. In the B4 *C work, back-angle
center-of-mass cross sections for the *C(1°B,°B)!3C reac-
tion were obtained by detecting the recoil 1*C nuclei. For
the '%O('Li,’Li)!°O study, the back-angle data were ob-
tained by inverting the target and projectile, i.e., by bom-
barding "Li targets with an °0 beam.

In the “He measurements, the large positive reaction Q
values, from 7.8 to 14.2 MeV, allowed unambiguous “He
identification from inclusive singles spectra.

The ®Be measurements were made using the FSU ®Be
zero-degree detection system® and the ®Be eight-detector
array.’ In the ®Be experiments, thin aluminum foils were
placed over the detectors to eliminate the elastic scatter-
ing events. Because of these foils, however, no back-
angle data for the higher excited states in >N could be
obtained as the breakup alpha particles resulting from
these interactions were stopped in the foils. In the
"Li('0,Be)°N reaction, an %0 contaminant on the LiCl
targets obscured all but the ground state group in '°N.

Absolute cross sections for those experiments employ-
ing !13C targets were obtained by measuring the yield of
160 elastic scattering at 20 MeV at angles from 14° to 20°
in the laboratory. In this energy and angular range the
cross section is well described by the Rutherford-
scattering formula. For the '°B('3C,*Be)!°N experiment,
the 9B target thickness was determined by elastically
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TABLE I. Summary of reactions used in the present experiment.
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Ehb Ec. m. * Ex ( 23Na) ohb
Reaction (MeV) (MeV) (MeV) (deg)
13C(19B,13C)1°B 17.16-31.32 9.70-17.70 34.41-42.41 13.8
3C(19B,*He)"°F 17.16-31.32 9.79-17.70 34.41-42.41 14.3, 23.4
32.5, 41.6
log(13C, %Be) !N 20.71-38.18 9.00-16.60 33.71-41.31 7.5, 12.5
17.5
Li('¢0,’Li)'%0 20.00-50.23 6.09-15.29 25.79-34.99 14.6, 24.6
34.6, 44.6
160("Li,*He)"°F 10.30-22.40 7.17-15.58 26.87-35.28 32.5, 45.0
57.5
"Li('°0,*Be)'°N 20.00-51.20 6.09-15.58 25.79-35.28 0, 7.5, 12.5,
17.5, 22.5,
27.5, 32.5,
37.5
2¢(!1B,1B)!12Ct 18.80-34.10 9.81-17.79 28.01-35.99 14.6, 19.6,
24.6, 49.6,
59.6
2¢(11B,“He) " F® 18.80-34.10 9.81-17.79 28.01-35.99 19.6, 29.6,
39.6
2¢(11B,%Be)!N® 18.80-34.10 9.81-17.79 28.01-35.99 7.5, 12.5,
17.5, 22.5,
27.5, 32.5

*The center-of-mass energy step size was 0.1 MeV.

*Taken from Ref. 5.

scattering '®0 from the target at 15 MeV at angles of
25°-35°. Again the scattering was found to be due to the
Coulomb force.

For those 'Li+ !0 experiments which employed an
oxygen target, Rutherford scattering of 15 MeV '?C from
160 at angles of 20° and 22.5° was used to determine the
oxygen thickness. Finally, the absolute cross sections for
those excitation functions which used ’Li targets were ob-
tained by elastically scattering protons from the LiF and
LiCl targets. The proton elastic scattering, performed at

E,,=6.68 MeV and 6,,,=95°, was compared with the
data of Bingham'? to give absolute normalizations. In all
of the above experiments, target nonuniformities, angle
setting uncertainties, and statistical errors produced an
uncertainty in the absolute cross sections of about 15%.

III. EXPERIMENTAL RESULTS AND ANALYSIS

The excitation functions for the °B+ '*C and
"Li+ %O entrance channels are presented in Figs. 1-6.

TABLE II. A summary of the reactions, targets, and excited states studied in the present experiment.

Residue excited state

Reaction Target (MeV)

13c( IOB, 13C )IOB l}c 0.0

13C('°B,*He)'°F Bc 0.0-0.11-0.20, 1.35-1.46-1.55,
2.78, 3.91-4.00-4.03, 4.39-4.68,
5.34-5.63

10g(13C,%Be) '’ N log 0.0, 5.27-5.30, 6.32, 7.15-7.30-7.56

"Li('%0,"Li)'°0 LiF 0.0

180(’Li,*He)'°F Sio, 0.0-0.11-0.20, 1.35-1.46-1.55,
2.78, 3.91-4.00-4.03, 4.39-4.68

Li('%0,®Be)'°*N LiCl 0.0

2o, ''B)'2C 2c 0.0, 2.15(''B),
4.43(12C)-4.45(''B)-5.02(!'B)

2¢(''B,*He)"°F 2c 0.0-0.11-0.20, 1.35-1.46-1.56,
2.78

2C(1'B,*Be)"N 2c 0.0, 5.27-5.30, 6.32, 7.15-7.30-7.56
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FIG. 1. Excitation functions for the '°B+ 3C reaction lead-
ing to the ®Be exit channel. The energies of the residual *N
states are given in MeV. Center-of-mass angles, computed for
the lowest energy of the excitation function, are those over
which the excitation functions have been summed. The dashed
curves represent the results of the Hauser-Feshbach analysis.

The excitation functions for the "B+ '2C case, taken
from Ref. 5, are displayed in Figs. 7-9. Where possible,
all of the results presented in these figures have been
summed over angle in an effort to reduce the effect of sta-
tistical fluctuations.

A. Hauser-Feshbach analysis

Calculations of the compound nuclear cross sections
for all of the reaction channels displayed in Figs. 1-9
have been made using the Hauser-Feshbach statistical
model code Helga'! (dashed lines). Details of the method
of the calculations are identical to those presented in Ref.
12. The level density and optical model parameters used
in the present calculations are presented in Tables III and
IV, respectively. The critical angular momenta used in
the Hauser-Feshbach analysis were extracted from the
fusion cross sections of Ref. 7. The need for such a cutoff
in angular momentum has been shown'? to affect both the
magnitude of the compound nuclear calculations and the
relative cross sections for the different exit channels.

The “He and ®Be absolute cross sections for the
B+ 12C and "B+ !3C entrance channels were generally
well predicted by the Hauser-Feshbach calculations. The

agreement between the calculations and experimental
cross sections implies that compound nuclear formation
dominates these reactions. Poor agreement, however,
was obtained between the experimental and calculated
“He and ®Be cross sections for the 'Li+ !°O entrance
channel. All cross sections for this case were substantial-
ly underpredicted. Reasonable variations of the level
density parameters (10%) did not reproduce the 'Li+ '®0
experimental data. The use of other 'Li+ ®O optical
model parameter sets produced little change in the pre-
dicted *He and ®Be cross sections for the 'Li+ '®O en-
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FIG. 2. Excitation functions for the '°B+ '*C reaction lead-
ing to the a-particle exit channel. The energies of the residual
I9F states are in MeV. See Fig. 1 for a further explanation of
the figure.
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FIG. 3. Elastic scattering excitation functions for the
0B+ 3C entrance channel.

trance channel. As mentioned previously, the calculated
cross sections do depend upon the critical angular mo-
menta. However, as the critical angular momenta for all
three entrance channels were obtained in a consistent
manner, no justification can be made for arbitrarily alter-
ing the critical angular momenta for one of the three sets.
The 'Li+ '%0 results, therefore, suggest the presence of
some other reaction process, such as direct transfer, in
that entrance channel.

B. Search for nonstatistical structure

The problem related to the identification of nonstatisti-
cal structure in a fluctuating excitation function has been
discussed extensively in the literature. In a system like
2C 4 160, where the resonance structure is quite strong,
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FIG. 4. Excitation functions for the "Li+ '°O reaction lead-
ing to the ®Be exit channel. The energies of the residual *N
states are given in MeV. See Fig. 1 for a further explanation of
the figure.
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the correlations over angle and among different exit chan-
nels can readily be seen by eye.® However, the structures
seen in systems having nonzero channel spins are expect-
ed to be smaller simply due to the statistical spin factor.’
Even so, if a visually weak structure is correlated over a
large angular range and among different exit channels,
then it may in fact be highly nonstatistical. To assist in
the identification of nonstatistical structure in the present
experiment we have used the deviation function and the
distribution of maxima test.'* Each approach has its own
strengths and weaknesses. A brief discussion of these two
types of analyses is needed.
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FIG. 5. Excitation functions for the 'Li+ 'O reaction lead-
ing to the *He exit channel. The energies of the residual '°F
states are in MeV. See Fig. 1 for a further explanation of the
figure.
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FIG. 6. Elastic scattering excitation functions for the
"Li+ 'O entrance channel. The angles listed are in the center
of mass.
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FIG. 7. Excitation functions for the "B+ '2C reaction lead-
ing to the ®Be exit channel. The energies of the residual '*N
states are given in MeV. The uncertainties in this set of ®Be
data are approximately the size of each data point. See Fig. 1
for a further explanation of the figure.
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FIG. 8. Excitation functions for the ''B+ '’C reaction lead-
ing to the *He exit channel. The energies of the residual '°F
states are in MeV. See Fig. 1 for a further explanation of the

figure.

The deviation function is defined as

D(E)=(1/N) S,

N o,(E) :
) - ’

(o (E)

i=1

where N is the number of excitation functions and
(0;(E)) is a moving average for excitation function i.
Care must be exercised when interpreting the results ob-
tained from a deviation function analysis. A maximum
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FIG. 9. Elastic scattering excitation function for the
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TABLE III. Level density parameters used in the Hauser-
Feshbach analysis.

E, T a E,
Channel® (MeV) (MeV) (MeV~1) (MeV)
n+ *Na —2.52 2.71 2.90 10.35
P+ ®Ne 1.02 2.43 3.64 16.75
d+ 'Ne —0.48 2.33 3.53 12.39
t+ 2°Ne 1.88 2.88 2.76 16.40
‘He+ F —2.08 2.96 2.94 16.42
SHe+ "*F —2.61 2.76 3.05 10.31
*Li+ 'O —1.29 3.27 2.66 15.53
Li+ %0 1.10 2.94 3.00 20.10
!Be + N 2.65 471 1.24 9.75
o4 3¢ —2.42 5.50 1.47 21.25
B4 12C 0.56 6.93 1.05 22.73

“Parameters are for heavy particle only.

or a minimum will be produced in the above function if a
maximum or a minimum occurs at the same energy in
several of the excitation functions. However, a maximum
or minimum can also be produced in the above function
if even one excitation function has a very strong max-
imum or minimum. The primary weakness of the devia-
tion function as a test for correlated structure is that
weak but well correlated peaks may appear less prom-
inently than a single strong fluctuation in one excitation
function.

While the deviation function is useful in attempting to
locate correlated structure, there is, unfortunately, no
direct relationship between D(E) and correlations be-
tween exit channels. The distribution of maxima test, on
the other hand, can be used to judge whether or not a
structure is consistent with the statistical model. This
test consists of counting the number of maxima which
occurs at a particular energy interval in a set of excitation
functions. If a resonance is present, it will result in an
anomalously large number of maxima at a given excita-

1009

tion energy. In this analysis, a comparison is made be-
tween the statistically predicted number of energy inter-
vals, N,(AE,M), of width AE, for which cross section
maxima are to appear in M reaction channels, with the
actual number observed, Ny(AE,M).

The probability of observing M maxima within an en-
ergy interval AE in m excitation functions is given by the
binomial distribution

mlpM(1—p)ym —M
M!(m —-M)

P(M)=

where p is the probability of finding a maximum in a ran-
domly placed energy interval AE in any of the m excita-
tion functions. In practice, p is approximated by letting
p=n_/n, where n_ is the number of intervals exhibit-
ing maxima and n is the total number of intervals in the
m excitation functions. The uncertainty in P (M) is eval-
uated by using the statistical error in the value of p,
Ap=[p(1—p)/n]'"*.

Finally, the number of statistically predicted intervals ex-
hibiting maxima in M channels is given by

N, (AE,M)=(n/m)P(M) .

In the experimental excitation functions, a maximum
was taken to be any point whose cross section was greater
than that of its nearest neighbors, and such that the cross
sections decreased sufficiently at higher and lower ener-
gies, that the error bars do not overlap with the error at
the maximum cross section. Sampling energy intervals
AE of 200 keV (twice the data point spacing) were used in
the analysis. Smaller sampling intervals would be expect-
ed to reduce the number of observed correlations because
the energy of cross section maxima may be expected to
shift by half a coherence width. When larger values of
AE are used, the number of observed correlations is again
reduced as some of the energy intervals contain more
than one maximum. Finally, as it is difficult to identify
precisely the energy of structure in elastic scattering data

TABLE IV. Optical model parameters used in the Hauser-Feshbach analysis.

ye rb a, we r® a; Type

Channel (MeV) (fm) (fm) (MeV) (fm) (fm)

n+ ?Na 47.01—0.27E 0.94 0.66 9.53—0.053E 0.94 0.48 Surface
p+ *Ne 52.70—0.55E 0.94 0.65 13.50 0.94 0.47 Surface
d+ ¥Ne 89.30—0.22F 0.78 0.81 14.40+0.24E 0.91 0.68 Surface
t+ Ne 153.5 0.74 0.69 30.50 0.94 0.89 Surface
‘He+ F 130.0 0.83 0.63 44.90 0.83 0.35 Volume
SHe+ '8F 7.50+0.4E 1.35 0.45 0.4+0.13E 1.35 0.45 Volume
‘Li+ "0 7.50+0.4E 1.35 0.45 0.4+0.13E 1.35 0.45 Volume
Li+ '%0 95.0 1.73 0.78 7.80 2.39 0.89 Volume
8Be+ N 26.70 1.25 0.95 25.0 1.25 0.95 Volume
log L 13C 66.85 1.09 0.61 10.0 1.20 0.70 Volume
g4 12¢ 60.5 1.09 0.61 36.04 1.18 0.49 Volume

“All energy dependent potentials have energy dependences which are computed in the center of mass,

ie,E=E, .
bR =r,,,-(A‘”3+A",’3).
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TABLE V. Summary of structure correlation for the "B+ '2C, "Li+ '°O, and "B+ "*C entrance
channels. All center-of-mass and excitation energies are in MeV. The presence of an X signifies that a
peak was observed while a * indicates that no peak was observed. A blank has been used when no ex-
citation function for the particular excited state was measured.

E YF
(MeV) g.s. 1.5 2.8 4.0 4.7

ISN

5.5 g.s. 5.3 6.3 7.3 P(M)

llB+ IZC

10.95 * * X

16.0 * * X

7Ll+ 160

none

10B+ ]3C

10.5 X X * X *

0.008
0.008

X X X X
X X X X

0.005

due to the interference effects, none of the elastic scatter-
ing excitation functions were included in the probability
analysis.

The results of the probability analysis are presented in
Table V for the *He and ®Be exit channels for each of the
three entrance channels. Only those structures which
produced a low probability of being statistical, arbitrarily
chosen to be < 1%, have been listed. A probability of
less than 1% means that for a given set of excitation
functions, less than 1 such event should be observed for
every 100 energy intervals.

For the ''B+ !C entrance channel, the 1% probability
criterion is met at only two energies, 10.95 and 16.0 MeV.
As can be seen in Fig. 10, the 10.95 and 16.0 MeV struc-
tures show positive values in the !'B+ '2C deviation
function D (E). Structure is also clearly present at 16
MeV in the angle-summed !'B+ !>C elastic scattering
data in Fig. 9. The additional structures listed in Ref. 5
at E_ =10.1,11.7, 12.5, 13.2, 14.2, 14.8, and 15.3 MeV
did not give rise to probabilities of less than 1%.
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FIG. 10. Results of the deviation function analysis for the
"B+ 2C entrance channel. All of the final states shown in
Figs. 7 and 8 were included in the analysis.

For the 'Li+ %0 entrance channel, none of the struc-
tures had probabilities < 1%. The deviation function for
this entrance channel is shown in Fig. 11.

The B+ 13C entrance channel exhibited one energy at
which the structure was correlated over a sufficient num-
ber of exit channels to produce a probability < 1%. This
structure occurs at an energy of 10.5 MeV. As seen in
Fig. 12, a positive value for D (E) is found at this energy.

Of course, some low probability events should be ex-
pected even for a sample which is purely statistical. A
comparison of the distribution of maxima for a statisti-
cally predicted number of energy intervals, N (AE,M),
with the number actually observed in each of the three
entrance channels is presented in Fig. 13. For both the
"Li+ 10 and "B+ "°C entrance channels, there is excel-
lent agreement between the statistically predicted distri-
bution and the number observed experimentally. This
suggests that all of the structures, even those with small
probabilities, may have a statistical origin. For the
1B 1 12C entrance channel, the number of energy inter-
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FIG. 11. Results of the deviation function analysis for the
'Li+ '®O entrance channel. All of the final states shown in
Figs. 4 and 5 were included in the analysis.
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23Na Excitation Energy (MeV)
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FIG. 12. Results of the deviation function analysis for the
B 13C entrance channel. All of the final states shown in
Figs. 1 and 2 were included in the analysis.

vals which show correlations among four and five exit
channels (M =4 and 5 for the "B+ !>C entrance channel
in Fig. 13) is larger than would be expected for a purely
statistical distribution. Such a result could indicate the
presence of resonances. The difference between the ex-
perimental and predicted results is not so overwhelming,
however, that one can unambiguously state that reso-
nances exist in the "B+ '2C system.
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L 15,120 i

28 - -# T

— 24} } J1 .
10 13

-
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AEM

L ' 4 4

.
0123456 0123456 01234567 8910

FIG. 13. Number of energy intervals, N(AE,M), of width
AE which have cross section maxima in M exit channels for the
NB4 12C, "Li+ %0, and °B+ '3C entrance channels. The his-

tograms represent the experimentally observed number Ny,

while the points are calculations based on a random occurrence
of maxima, N, with associated statistical errors.

IV. DISCUSSION

A. Entrance channel versus compound nuclear
properties and resonance formation

Early experimental investigations like those of Hanson
et al."” and theoretical studies like that of Pocanic and
Cindro'® focused primarily on the level density in the
compound nucleus in their attempts to explain heavy-ion
resonance formation. For heavy-ion resonances to be iso-
lated states in the compound nucleus, it was believed that
the entrance channel must form the compound system in
a region of low compound-nuclear level density. En-
trance channels forming compound nuclei with high level
densities, examples of which are 26Al, 2’Al, and *°Si, were
not expected to exhibit resonances. Several studies now
report that resonances are formed in these compound nu-
clei using the '2C+ N (Refs. 14 and 17), ’C+ PN (Ref.
18), and 12C+ '80 (Ref. 19) entrance channels, respective-
ly.

More recently, studies by Thornton et al.? and Parks
et al.® have suggested that the entrance channel binding
energy Ep and, to a lesser extent, the effective entrance
channel moment of inertia, are also important. Which
compound-nuclear states will be populated at a particular
compound nucleus excitation energy must depend upon
the angular momentum available to the system. If an en-
trance channel’s binding energy is small, then a larger
center-of-mass energy E_ . will be required to reach a
particular compound nucleus excitation energy E} (i.e.,
E!=E_ . +Eg). An increase in the center-of-mass en-
ergy, of course, increases the angular momentum avail-
able to the compound nucleus. This increases the likeli-
hood that a semi-isolated, high-spin state will be formed.
The population of such a state could produce structure
like that seen in heavy-ion excitation functions.

For the 2Na compound nucleus, the binding energies
for the "B+ '2C, "Li+ %0, and '°B+ '*C entrance chan-
nels are 18.2, 19.7, and 24.7 MeV, respectively. Accord-
ing to the model proposed by Thornton et al.?, the
B+ 12C entrance channel should be the most likely to
exhibit resonances while the B+ '>C should be least
likely.

Our results support this qualitative picture. Of the
three entrance channels which form the >*Na compound
nucleus, the only one which exhibits any deviation from a
purely statistical interpretation is the "B+ '2C, the sys-
tem with the lowest binding energy.

B. Do different entrance channels form the same
heavy-ion resonances?

In the earlier work of Parks et al.,? no evidence was
found that different entrance channels formed the same
nonstatistical structures in any of the 2°Al, 2°Si, or 3°Si
compound nuclei. A similar search has been carried out
in our study of »*Na.

In the present investigation, both the "B+ '?C and
"Li+ 'O entrance channels form the >*Na compound nu-
cleus over an excitation energy range from 28.2 to 35.3
MeV. Further, at a 2>Na excitation energy of 30 MeV,
for example, the "B+ '>C and "Li+ '°O entrance chan-
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FIG. 14. Number of energy intervals, N(AE,M), of width
AE which have cross section maxima in M exit channels. All
“He and ®Be excitation functions from both the 'Li+ %0 and
"B+ !2C entrance channels have been included in the analysis.
A Na excitation energy range from 28.2 to 35.2 MeV was
covered.

nels have grazing angular momenta of 9.8# and 8. 54, re-
spectively.” When coupled to their entrance channel
spins, angular momentum ranges of 8.3#i<J < 11.3#% and
7% <J < 107 are found for the "B+ 'C and 'Li+ '°0
systems, respectively. With this overlap in angular
momentum, some formation of common resonances
might be possible.

The results of our distribution of maxima analysis
which employed all of the “He and ®Be exit channels for
both the 'Li+ '®0 and "B+ '>C entrance channels are
presented in Fig. 14. As can be seen in this figure, there
is little evidence that the two entrance channels form the
same heavy-ion resonances. The experimental distribu-
tion of maxima are adequately reproduced by a purely
statistical model.

V. CONCLUSIONS

A search has been conducted for nonstatistical struc-
ture in three non-a-conjugate entrance channels,

9B+ C, "Li+ '%0, and "B+ '2C, which lead to the
Na compound nucleus. The exit channels studied for
all three entrance channels were the “He, ®Be, and the
elastic. Structures which were correlated over a large
number of exit channels and, consequently, exhibited low
probabilities of being statistical in origin, were observed
at energies of 10.95 and 16 MeV in the !B+ '2C entrance
channel and at an energy of 10.5 MeV in the "B+ 3C
excitation functions. No strongly correlated structures
were found in the 'Li+ !0 data.

The distribution of maxima test for the '°B+ '3C and
the "Li+ !0 entrance channels leads us to the con-
clusion that these reactions are dominated by statistical
processes and that no strong evidence of resonances is
present. In the case of the "B+ '>C entrance channel,
poorer agreement between the observed and predicted
statistical distribution of maxima was obtained. Such a
result could indicate the presence of resonances in this
entrance channel.

If resonances are indeed formed by the !'B+ '2C en-
trance channel and not by the 'Li+ '°0O and '°B+ *C
channels as our analysis implies, the model proposed by
Thornton et al.? which suggests that resonance forma-
tion depends upon entrance channel binding energy and
moment of inertia accurately describes our experimental
results.

Finally, in both the present study and the earlier inves-
tigation by Parks et al.,> no two entrance channels
which form the same compound nucleus populate the
same nonstatistical structure. This, despite the fact that
the entrance channels which form the same compound
nucleus, do so with similar angular momenta. The impli-
cation of this result is that the nuclear states which are
being populated are strongly dependent upon the en-
trance channel configuration.
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