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Excitation functions for the yields of nineteen residual nuclei from the ' N+ ' 8 reaction have
been measured over the range E, =8.00—25.75 MeV in steps of 250 keV with y-ray techniques.
The magnitude and energy dependence of the excitation functions for the partial yields are very dif-
ferent from those of the ' C+ ' C system. The total fusion cross section appears to saturate at an
energy and a magnitude which are lower than expected from previous systematics. Small, regular
fluctuations can be seen in ihe fusion cross section, one of which is very narrow. However, the
structure observed by L'Ecuyer et al. was not seen in this work.

NUCLEAR REACTIONS ' 8('~N~); E, =8.00—25.75 MeV; measured exci-
tation functions for the production of 2 =10—23 reaction products; observed
small fluctuations at E, =(10.8), 11.9, 13.9, 15.7, 16.3, and 18.7 MeV; deduced

critical angular momentum for fusion.

I. INTRODUCTION

The fusion cross section for reactions producing com-
pound systems in the 3 =24—32 region has been found to
account for most of the expected reaction cross section in
the energy region just above the Coulomb barrier. Howev-
er, at some point, the behavior of the fusion cross section
with energy is observed to diverge from that of the reac-
tion cross section. The location of this saturation point,
and the behavior of the excitation function near it, have
been the subject of much discussion and work. It has been
found that many systems in this mass region show
resonantlike structures in the measured excitation func-
tions in the vicinity of the saturation point, despite the
very high level density in the corresponding excited com-
pound system which should preclude resonant behavior.

In an attempt to understand these phenomena, we have
investigated several different reactions which lead to the
same compound nucleus. In particular, the ' 0+ ' 0 and
' C+ Ne reactions' and the ' C+ ' 0 and ' N+ ' N re-
actions have been compared and contrasted in two recent
experiments. The former pair, which form the S com-
pound system, are well matched in terms of Q value and
angular momentum. The excitation functions for the total
fusion cross section were found to exhibit similar behavior
when compared at equal compound nucleus excitation en-
ergies, and both systems also displayed pronounced
resonantlike structure. The latter pair, which form the

Si compound nucleus, are poorly matched systems. In
this case the excitation functions for the total fusion cross
section were found to exhibit average behavior which was
quite different. The ' N+ ' N reaction did show evidence
for fluctuations, but at a much lower 1evel than observed
for the ' C + ' G system.

The ' C + ' C and ' N + ' 8 reactions (the Mg com-
pound system) provide an opportunity to compare the
behavior of the fusion cross sections for yet another pair
of entrance channels which are also very mismatched in
terms of Q value and angular momentum. The ' N+ ' 8
reaction brings 14.9 MeV more energy into the compound

nucleus for a given center-of-mass energy but, since the
sizes of the nuclei involved are similar, the angular
momentum at a given center-of-mass energy is approxi-
mately the same for both entrance channels. As a result,
very different regions of the compound nucleus with very
different level densities are populated in the two reactions.
In addition, ' N+ ' 8 is an asymmetric system, while the
corresponding ' C + ' C entrance channel consists of
identical spin zero bosons. These systems also differ in
the intrinsic spin and nuclear structure of the participating
nuclei, and in the maximum available channel spin. In
particular, the ' N+ ' 8 system has up to 4A' units of
channel spin available for coupling with the orbital angu-
lar momentum, while for the ' C+ '2C system the final
spin of the compound system is determined by the orbital
momentum alone.

In this work, excitation functions have been measured
for a large number of residual nuclei which result from
the ' N+ ' 8 reaction. The energy step size was small in
order to detect resonantlike fluctuations, but a large ener-
gy range was covered to determine the long range behavior
of the fusion cross section. The behavior of the excitation
functions and the trajectory of the critical angular
momentum for the ' N+ ' 8 system were found to be
very different from those for the ' C+ ' C system. Small
fluctuations were seen in the total fusion yield for
' N+ ' B. Qne of these is narrow and bears a remarkable
resemblance to a similar structure seen in the ' C + Ne
reaction.

II. EXPERIMENTAL METHOD AND RESULTS

The experiment was performed with a ' N beam from
the Notre Dame three-stage tandem Van de Cxraaff ac-
celerator. The range of incident energies was
E, =8.00—25.75 MeV, with a step size of 250 keV.
The target typically consisted of 50 pg/cm of ' 8 eva-
porated onto a thick Au backing and then covered with 10
pg/cm of Au to reduce subsequent oxidation of the bo-
ron. In spite of these precautions, it was found that there
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was a measurable amount of oxygeri-contamination in the
target. To correct for this contamination, the ' N+ ' 0
reaction was separately measured with a Ta20& target over
the same energy range, and the affected yields from the
' N+ ' 8 reaction were deduced accordingly. The rela-
tive normalization between these two experiments was
determined from the yield of the 390 keV line of Mg,
which can only result from the ' N + ' 0 reaction. Car-
bon buildup on the ' 8 target was minimized by surround-
ing the target with a liquid nitrogen cold trap and by
maintaining a vacuum of ( 10 Torr in the target
chamber. The target was periodically inspected and was
always found to be free of any darkening due to carbon
buildup. Also, the excellent agreement between the repeat
points taken at the end of the experiment and the original
points measured over the course of the experiment (Figs.
I—6) indicate little, if any, change in the condition of the
target during the experiment.

Gamma rays were detected by two Ge(Li) detectors (90
cm and 104 cm ) placed 7 cm from the target and at 55
and 125 with respect to the beam axis. The gains of the
respective amplifiers were adjusted to optimize one detec-
tor for the lower energy y rays (80—2500 keV), and the
other for higher energy y rays (200—6200 keV). Thus, al-
most all of the y rays of interest were detected by both
detectors, without sacrificing either the higher- or lower-
energy transitions.

The primary relative normalization of the data, which

was derived from the 279 and 547 keV transitions in ' Au
under the assumption that the Coulomb excitation cross
section is locally smooth, agreed with that obtained from
charge collection to within 2% (rms deviation). The long
term behavior of the excitation functions was determined
from charge collection, but was found to be in excellent
agreement with the predictions of a thick target %'inther-
de Boer multiple Coulomb excitation program. The abso-
lute normalization of the yields from the '"N+ ' 8 reac-
tion was determined by a multistep process involving the
' C+ ' 0, ' 8+ ' 0, and ' 0+ ' 8 reactions. The
' C + ' 0 reaction, when combined with known ' C + ' 0
cross sections, gives a measure of the thickness of the tan-
talum oxide target. This information, along with the re-
sults from the ' 8+ ' 0 experiment, yields a measure of
the ' 8 + ' O cross section, which can be combined with
data from the ' 0 + ' 8 reaction to give a measure of the
thickness of the ' 8 target. Finally, the '4N+ ' 8 mea-
surements can be expressed in terms of absolute cross sec-
tions using this deduced target thickness. The beam ener-
gies for the various measurements were 40.0 MeV for

C + Op 29 656 MeV for 8 + Oy and 47 45 MeV for
' 0+ ' B. In each case, the primary normalization of the
beam intensity was derived from Coulomb excitation of
the Au target backing as discussed in detail in Ref. 2. The
estimated uncertainty in the absolute normalization for
the ' N+ ' 8 reaction cross sections is approximately
12% (Table I).
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FIG. 4. The excitation functions for the production of
18, 17, 16, 15~~o

The ground state transitions which were summed to
determine the yields of the residual nuclei are shown in
Table II. In an attempt to separate the contribution of the
(nonground state) 1636 keV transition in 23Na frotn that
of the 1634 keV transition in Ne, only that portion of
the lineshape which was not Doppler broadened or
Doppler shifted was integrated to form the Ne excitation
function. This separation is based on the lifetimes of the
two states involved (40 fs for the Na line and 1.2 ps for
that of Ne) and the observation that other transitions in-
volving similar lifetimes exhibited small stopped or shifted
components, respectively.

Excitation functions for the production of Mg,
23,22, 21N 22, 21,20, 19N 20, 19,18F 18, 17, 16, 15~ 15, 14N 12C

7

and ' 8 were measured. The strongest of these are shown
in Figs. 1—5. (Those excitation functions not shown each
have less than 10 mb of peak cross section throughout the
energy range studied. ) The excitation function for the to-
tal fusion yield (Fig. 6) was formed by summing the chan-
nels listed above, and including an estimate of the yield

from the 2+, 6919 keV state in ' 0 based on the results of
Ref. 6. This surnrning of all observed exit channels may
mean that a small amount of direct reaction strength has
been included under the label of fusion evaporation. How-
ever, at the highest energies of this work, the ' B and ' N
yields, which should contain most of the direct strength as
well as some fusion-evaporation components, amount to
less than 30 mb out of a summed cross section of 700 mb.
The error bars shown in Figs. 1—6 are the uncertainties in
the peak areas added in quadrature to the rrns deviation in
the relative normalization, and include an estimated error
in the contaminant subtraction process.

III. DISCUSSION

A. Comparison vrith other experiments

The results of the one previous measurement of the
' N+ ' 8 system in this energy region are compared with
this work in Table III. Parks et al. using heavy-particle
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detection techniques, measured the cross section for seven
residual elements (Mg, Na, Ne, F, 0, C, and B) at four en-
ergies, two of which overlap the energy range of this work.
The agreement between the two works is good for most of
the elemental yields. The cross sections given in Ref. 7 are
generally smaller than those measured in the present ex-
periment by 10%, which is well within the mutual sys-
tematic errors of the two experiments. On the other hand,
we note that the major contribution to the uncertainty in
the absolute yield in the present experiment is the magni-
tude of the ' C+ ' O reference cross section. Relative to

E, ( MeV)
FIG. 5. The excitation functions for the production of ' C,

'B, and''N

this standard, the cross sections presented here and in pre-
vious experiments (see Ref. I, e.g.), are considerably more
precise.

The most significant discrepancy between the present
experiment and Ref. 7 occurs in the measured oxygen
yield. At the higher energy, a difference of approximately
100 mb is observed, with the measurements of Parks et aI.
being the larger. In view of the rather good agreement for
the other elemental yields, this observation is not easy to
understand. The disagreement between the two measure-
rnents at E, =21.1 MeV, if it results from the fusion-
evaporation process, must be due to differences in the
yields of oxygen isotopes other than ' 0, since the ' 0
residual nuclei result from two-particle evaporation (2a)
and therefore should decrease at the higher energies as ob-
served (Fig. 4). Three other oxygen isotopes (' 0, ' 0, and
' 0) were identified in our data. The yields of these nu-
clides do increase with increasing energy as expected (Fig.
4), but their summed cross section is quite small. It is
possible that the observed difference is due to the inability
of the y-ray technique to measure direct population of the
ground state. However, based on previous experience, and
the relatively good agreement for other nuclides at both

TABLE I. Contributions to the uncertainty in the absolute normalization.

Source

Statistical error in the integration of the reference y-ray line for ' C+ ' 0
Statistical error in the integration of the y-ray line for ' B+ ' 0
Statistical error in the integration of the y-ray line for ' 0+ ' B
Statistical error in the integration of the y-ray line for ' N+ ' B
Uncertainty in the Ge(Li) efficiency function
Uncertainty in the beam intensities
Statistical uncertainty in the reference cross section
Estimated uncertainty in the magnitude of the total yield

due to contaminant subtraction
Total statistical uncertainty
Systematic uncertainty in the reference cross section

Error (%%uo)

0.6
0.9
0.9
0.7
1.4
1.7
2.7

3.0
4.8
7.0
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TABLE II. Cxround-state y-ray transitions observed from the
' N+ ' 8 reaction.

Nuclide

Mg
Na

'Na
Ne

'Ne
"Ne
"Ne
20F
19F
18F
18p
17p
16p
15p
15N

14N

12C

10B

Evaporated particles

P
pn

p2n
2p

2pn
aa, b

an
3pn
ap

apn
a2p

a2pn
2ab

2an
2ap

2apn
3ab

3apn

Ey (keV)

451
440

583, 891, 1526, 2571
332

1275
351

1634
238, 275

656
110, 197

937, 1081
1982
821

6130
5241
5270
5105
4440

717

'The shape of the excitation functions suggests the possibility
that Ne may be formed by a evaporation at low energies, and

by 2p2n evaporation at higher energies.
This residue may also result from direct reaction processes.

energies and for ' 0 at 11.2 MeV, the magnitude of the
difference seems much too large to be accounted for in
this way. We note that the Ne yield at E, =21.2 MeV,
as given in Ref. 7, also seems to be larger than expected in
view of the comparison of the two works at lower energy.
The excitation function for production of Ne measured in
this work is narrower than, and peaks at a lower energy
than, that given by Parks et al. A possible explanation
for both of these discrepancies might be oxygen contam-
ination of the ' 8 target used in Ref. 7. As discussed
above, it was found that the ' 8 target used in the present
experiment had a sizable oxygen contamination despite a
protective Au layer and the fact that it was stored under
vacuum. The effect of such contamination would become
much more serious as the energy increases, since fusion
evaporation from the ' N + ' 0 system at high center-of-
mass energies forms some of the same residual nuclei asso-
ciated with the ' N+ ' B reaction, and in addition direct-
reaction products from the ' N+ ' 0 system may also be
confused with fusion yields from ' N+ ' B. One last pos-
sibility is that the excess 0 and Ne yields in the experi-
ment of Parks et al. result from incomplete-fusion pro-
cesses which are selectively producing the ground states of
the appropriate isotopes. If this is the case, then further
study of the ' N+ ' B system, including a measure of the
velocity profile of the reaction products, would be of some
interest.

Finally, it should be noted that the N yield of Parks
et al. is the result of a Hauser-Feshbach Monte Carlo cal-
culation, while that given in this work is the result of
direct measurement. The calculated N yield was included
in the total fusion cross section reported by Parks et al.
On the other hand, part of the N yield measured in this
experiment undoubtedly results from direct reactions,
making a comparison of the total fusion cross sections re-

TABLE III. Comparison of the measured yields of a given
element from the ' N+ ' 8 reaction as given in Ref. 7 and the
present experiment.

Exit channel

B

C

N

0

F

Ne

(MeV)

11.2
21.2
11.2
21.2
11.2
21.2
11.2
21.2
11.2
21.2
11.2
21.2
11.2
21.2
11.2
21.2

o (mb)'
Ref. 7

3.5
14.0
56.

116.
14.'
81.

118.
227.
93.

216.
160.
174.
125.
50.
9.3

19.

o (mb)b

Present work

3.6+0.8
11. +1.
74. +3.

159. +8.
6.2+2.2"

42. +3"
116. +4.
130. +4.
148. +2.
233. k3.
190. +2.
157. +4.
176. +3.
64. +4.
4.8+0.5

10. +1.
'No error was given for the elemental yields in Ref. 7. The un-
certainty in the total fusion cross section is approximately
4—5% at both of the energies listed above.
bThe uncertainties given are the statistical errors only. The sys-
tematic uncertainty in the absolute normalization is 12/o.
'Computed yield from the results of a Hauser-Feshbach Monte
Carlo calculation.
Total yield, with no separation as to fusion-evaporation or

direct reaction. The yield due to inelastic scattering is estimated
to be about 15/o of the value given.

ported in the two works difficult to interpret.
The '"N+ ' B system has been studied at lower energies

by Wu et al. with y-ray techniques, but the energy re-
gions measured in Ref. 8 and this work do not overlap.
Table IV gives the results of Wu et al. at their highest en-
ergy, and an extrapolation of the low-energy behavior of
this work to a comparable energy. Although our yield
functions have only been extrapolated by 0.5 MeV in c.m.
energy, a considerable uncertainty must have been intro-
duced into the comparison by the fact that most of the ex-
citation functions are decreasing very rapidly with de-
creasing energy due to the influence of the Coulomb bar-
rier. The cross section values listed in Ref. 8 were ob-
tained by correcting certain measured yields according to
branching ratios and summing factors deduced from a
statistical-model calculation. The total fusion cross sec-
tion has an additional (calculated) correction factor to ac-
count for unobserved three-particle evaporations based on
the strengths of the two-particle evaporation yields.
Despite the heavy reliance on such calculations in Ref. 8,
the two experiments are generally seen to be in very good
agreement. On the other hand, it is difficult to make a
precise comparison considering the inherent problems
with extrapolation procedures as discussed above.

B. Comparison with the ' C+ ' C system

Partially-smoothed excitation functions for many of the
measured exit channels from the ' N+ ' 8 system are
compared in Fig. 7 with the results of Kolata et al.
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Nuclide
~ (mb)'
Ref. 8

o. (mb)
Present work

TABLE IV. Comparison of the "measured" yields from the
' N + ' B reaction at E, =7.5 MeV. The data from the
present experiment have been extrapolated from E, =8.0
MeV, which may introduce a considerable uncertainty due to the
proximity of the Coulomb barrier as discussed in the text. This
uncertainty is not reflected in the quoted errors, which are pure-

ly statistical.
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I

Zf
Ne I

I
'

I
'

I

1

I
l 16

'Mg
Na
Na
Ne

'Ne
20Ne

19Ne
19F
16O

3.1+ 0.5
12.1+ 0.5

102.0+ 3.0
31.4+ 1.0
36.2+ 7.0
7.0+ 0.7

16.2+ 1.5
79.3+ 2.4
91.0+ 5.5

3.0+0.4
22. + 1.

109. +1.
34. +1.
20. +1.
10. +1.
19. +1.
78, +2.

72. '(39.'+2. )

IO

10

e,
I

I
I

I

l
l

f

I

l

t
l

l

l
l

l

Total
fusion

472.+ 14.' 380.4 5.

'Adopted value including summing and branching ratio correc-
tions. The errors quoted are statistical uncertainties. The
overall systematic uncertainty in the absolute yield is +15%.
'These values are an extrapolation of the low-energy data from
this experiment to 7.5 MeV. The quoted uncertainty is the sta-
tistical error at the lowest energy measured in this work. The
overall systematic uncertainty in the absolute normaliZatiOnn is
estimated to be 12%.
'This value includes an estimate of the strength of the 2+, 6919-
keV yield.
Measured yield of the 6130-keV y ray.

'Includes a statistical-model estimate of several unmeasured
three-particle emission cross sections. The estimated uncertainty
in the absolute yield is +20%.
Includes all measured yields.
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(E, ~ 17 MeV) and Satkowiak et al. (E, &17 MeV)
for the ' C+ ' C system, as a function of the center-of-
mass energy. In the case of the S compound system pre-
viously studied, the corresponding excitation functions
were found to compare favorably when plotted versus
compound-nuclear excitation energy. The comparison for
the Si compound system was made at equivalent center-
of-mass energies since the measured excitation functions
for these poorly matched entrance channels showed some
agreement when compared this way. For the present sys-
tem, none of the excitation functions exhibit much sirni-
larity when compared either at equal center-of-mass ener-

gy or at equal compound-nuclear excitation energy, prob-
ably due to the very large Q-value difference between the
two entrance channels, which is even larger here (10.6
MeV for the Si compound system vs 15.0 MeV for Mg)
than in previous work. This behavior can be qualitatively
understood, just as for the Si system, in terms of the
vastly different excitation energy and angular momentum
regions of the compound nucleus which are being popu-
lated by the two entrance channels. At a given center-of-
rnass energy, the angular momentum brought into the
compound nucleus by each of the two entrance channels is
very nearly equal, while the ' N+ ' 8 channel carries in
an extra 1S MeV of excitation energy. The increased
internal energy which must be dissipated before the com-

Io'
8

I C
l

I
t

l
I f I l I I f I i I

I 6 24 8 I 6 24 8 I 6 24
Ec ~ ( MeV)

FIG. 7. Partially smoothed excitation functions for the
' N+ ' B system (solid curve) and from the ' C+ ' C system
(Refs. 6 and 9, dashed curve), compared as a function of center-
of-mass energy.

pound system reaches the point where y-decay can corn-
pete with particle decay results in a tendency toward much
longer evaporation sequences in the ' N + ' 8 system than
for ' C + ' C. Finally, we note that an examination of the
total fusion excitation function (as well as the excitation
functions of many of the residual nuclei) reveals fluctua-
tions which will be discussed in the context of the critical
angular momentum.

C. Trajectory of the critical angular momentum

The critical angular momentum (1, ) for a system of
nonidentical particles is deduced from the total fusion
cross section (o.f ) using the sharp-cutoff-model expression
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where k is the reduced wavelength. The experimental
values of 1, for the ' N + ' 8 system deduced from the
cross sections of Fig. 6 are shown in Fig. 8, along with the
trajectory determined from the theoretical reaction cross
section calculated with an optical-model potential. ' In
addition, the results from Ref. 11 for the ' C + ' C system
are shown, along with the trajectory of the extended
ground-state band of Mg. The 15 MeV Q-value differ-
ence between the two entrance channels is immediately ob-
vious. Upon closer inspection, it can be seen that at low
energies the trajectory deduced from the ' N+ ' 8 fusion
cross section lies much closer to that predicted by the cor-
responding optical-model calculation than was the case for
the ' C+ ' C reaction. As the energy increases, however,
the experimental ' N + ' 8 trajectory rapidly diverges
from the optical-model predictions. This behavior may
imply that, while there is little direct-reaction strength for
' N+ ' 8 at the lowest energies measured, as the bom-
barding energy is increased the influence of the unpaired
valence nucleons becomes more important and the direct
reaction strength increases. Gn the other hand, the
optical-model potential taken from Ref. 10 was energy in-
dependent, and was actually determined from ' 8 elastic
scattering from ' C targets at E, =10 MeV, so that it
may not accurately reflect the behavior of the reaction
cross section at the energies studied in the present experi-
ment.

The critical angular momentum trajectories for the two
entrance channels under consideration here do not behave
as expected with respect to the saturation of the total
fusion cross section, if the limit to fusion is due to a
compound-nucleus related property. Just as was observed
for the ' N+ ' N reaction, the maximum fusion cross
section is lower than anticipated from such models, and

the energy at which the fusion cross section saturates also
seems to be too low. As was also the case for '~N+ ' N
and several other systems, the difference between the mea-
sured l, values and those expected from a compound-
nucleus limitation model is approximately equal to the
maximum entrance-channel spin. However, based on the
observations discussed here and in Ref. 2, a simple g-
value effect cannot be dismissed.

It is also significant that the ' N+ ' B system shows
evidence of structure in its total fusion yield which is on
the order of 2—3% (Fig. 6). These fluctuations can also
be seen in Fig. 9, which shows the critical angular momen-
tum trajectory for the ' N+ ' B system. In this figure,
small fluctuations are seen at excitation energies of (39.6),
40.7, 42.7, 44.5, 45.1, and 47.5 MeV, approximately corre-
sponding to l, = (7), 8, 9, 9.6, 10, and 11. In the excitation
function for total fusion, these fluctuations are located at
center-of-mass energies of (10.8), 11.9, 13.9, 15.7, 16.3,
and 18.7 MeV. It is interesting to note that most of the
observed structures correspond to consecutive integral l
values, unlike the situation for ' C+ ' C where symmetry
permits only even l values to contribute. One of the struc-
tures listed above, at E„=45.1 MeV (E, = 16.3 MeV), is
strong and narrow. This anomaly is seen in most (but not
all) of the individual yield functions for the various residu-
al nuclei, although in some of the excitation functions it
appears to be slightly wider than in others. It is particu-
larly prominent, for example, in the yield functions for

Ne and F (Figs. 2 and 3). It is unlikely that this struc-
ture is due to a resonance in the 'Ne yield from the con-
taminant '"N+ ' 0 reaction. Not only would this require
a deviation of approximately a factor of 2.5 from the aver-
age yield of Ne from N+ 0, but also the ' N+ 0
cross sections were measured in this region with a compar-
able step size, and at the same beam energies used for the
' N+ ' 8 measurements, and no such deviation was ob-
served. This structure might possibly be related to a simi-
lar "resonance*' seen in the ' C+ Ne system at E„=41.7
MeV, which was associated with an odd critical I value.
(The E„=45.1 MeV structure in the present work is ap-
parently associated with l, =10.) In both cases, the "reso-
nance" appears in close proximity to the point at which

w 50- Ip l2

—50-

30-

/

lPO 200
& (5+~ )

300

FIG. 8. The critical angular momentum trajectory for
'"N + ' B deduced from the fusion cross sections. Also shown is
the trajectory for ' C + ' C taken from Ref. 11, the trajectories
deduced from the reaction cross sections calculated with the
optical-model potentials of Refs. 10 and 13, and the extended
ground state band of Mg.

4p

4p
I

80 l20
2 (E +))

I

l60

FIG. 9. The critical angular momentum trajectory for
' N + ' B deduced from the fusion cross section, and from the
theoretical reaction cross section calculated with the potential of
Ref. 10. The small vertical lines indicate integral values of l, .
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the critical angular momentum trajectory changes slope.
We note, however, that the "characteristic" resonance dis-
cussed in Ref. I, usually seen in direct reaction channels
near this saturation point, was not observed in the present
system.

Finally, we note that a resonantlike structure has been
reported by L'Ecuyer et al. ' in the summed a cross sec-
tions for the 'OB('~N, a)2 Ne reaction measured at e~,b ——0'.
The observed anomaly appears to be at least a doublet,
with major components located at E, =9.6 and 10.9
MeV. There is no clear evidence for either of these two
structures in any of the excitation functions obtained in
the present experiment. The Ne yield does show a broad
maximum at E, =12 MeV, but this may well corre-
spond to the peak of the single-a-evaporation excitation
function superimposed on a slowly rising direct transfer or
four-particle-evaporation (2p2n) yield.

IV. CONCLUSION

Excitation functions for the production of nineteen resi-
dual nuclei have been measured for the ' N+ ' 8 system
over the energy range 8&E, &26 MeV. A comparison
of the individual exit channels with previous results for
the ' C + ' C system at either equal compound nuclear ex-
citation energies or equal center-of-mass energies reveals
little similarity. However, it should be remembered that
these two entrance channels are extremely poorly matched
in terms of energy and angular momentum. As has previ-
ously been observed for other systems, ' "" the
' N+ ' 8 reaction exhausts most of the predicted reaction
cross section in the barrier region, but saturation of the
fusion yield occurs at an energy and a magnitude less than
expected from compound-nuclear limitation models. The
deduced critical angular momentum differs from its ex-
pected value at and above the saturation point by approxi-
mately the maximum channel spin. In light of previous
work, ' this behavior might well be related to the non-

closed-shell nature of the participating nuclei.
The resonant structures in the a-particle yields for the

'OB + '~N reaction at E, = 10 MeV reported by
I 'Ecuyer et al. did not appear either in the total fusion
cross section nor in the excitation function for production
of Ne. The characteristic structure associated with the
saturation of the fusion cross section in other sys-
tems"" was also not observed. On the other hand, a
strong and narrow resonantlike structure was observed at
E, =16.3 MeV. This anomaly bears some resemblance
to a similar "resonance" in the ' C+ Ne fusion yield. '
Its presence in the ' N+ ' 8 reaction cross section at an
energy corresponding to extremely high level densities in
the Mg compound system is quite remarkable, suggest-
ing the need for further experiments.

Finally, oscillations have been observed in the fusion ex-
citation function, as well as in excitation functions for the
formation of the individual residual nuclei, in spite of the
very high excitation energy and corresponding high level
density in the compound system achieved in the ' N+ ' B
reaction. These fluctuations are even more pronounced
than those observed in the ' N+ ' N reaction, despite the
fact that the channel spin is substantially larger here. The
pattern of these anomalies is similar to that expected, for
example, from "shape resonances" in the optical-model
potential. However, it appears to be a considerable chal-
lenge to understand how the surface transparency ap-
parently required for the observation of such oseillations
can occur in a system such as ' N+ ' B, which has a very
high level density and presumably therefore a very large
absorptive component in its optical model potential.
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