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The fusion cross section for '°B + "0 has been measured at four excitation energies in
YAl of E* = 48.4, 55.1, 66.9, and 74.4 MeV in order to study possible compound nucleus
limitation effects on fusion for light heavy-ion systems at intermediate excitation energies.
Comparing this data with other measurements for different entrance channels populating
the same compound nucleus it is found that for E* <60 MeV all fusion bands in the E*-J
plane of Al appear to be parallel and displaced by the corresponding differences in
separation energies, and that for E* > 60 MeV the bands tend to converge indicating a pos-
sible compound nucleus limitation effect. The data are compared with existing models for
entrance channel and statistical yrast line limitations.

NUCLEAR REACTIONS !0 + “B, E('’0) = 54, 72, 104, and 124
MeV; measured d20/d QdE for reaction products from Z =3 to 12. Ex-
tracted Giysion-

I. INTRODUCTION

The gross behavior of the complete fusion cross
section for heavy-ion systems (4N < 80) as a func-
tion of bombarding energy can be summarized' as
shown in Fig. 1(a). The low energy region (domain
I) reflects the properties of the entrance channel po-
tential at the barrier where potential trapping and
penetration are sole prerequisites for amalgamation.
The intermediate energy region {domain II) is the
region where dynamical competition between fusion
and peripheral reactions is expected to be impor-
tant. Up until now only very limited information
has been accumulated in the highest energy region
(domain III) where the fusion cross section de-
creases drastically with increasing energy.? This
behavior can be interpreted in terms of asymptotic
properties of the compound nucleus such as the “ro-
tating liquid-drop limit” to fusion.??

Most entrance channel model descriptions*> for
fusion in region II require quite specific informa-
tion regarding the dynamics of the system. One ex-
ample is the model of Glas and Mosel* where the
potential strength at the critical distance, V,, is re-
lated to the slope of the fusion excitation function
in region II. Even though the reduced critical dis-
tance parameter, r. (R, =r,(Ap'3+Ar!"?), has
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the value of about 1.0 fm for most systems,6 empiri-
cal values for V. extracted from experimental data
do not show clear systematic trends.*® It is gen-
erally believed that the fusion processes in this ener-
gy domain can be very complicated and difficult to
describe.

More recently several authors’® have pointed out
that a simpler picture for fusion in this energy re-
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FIG. 1. (a) The gross behavior of the fusion cross sec-
tion for heavy-ion reactions as a function of 1/E,,
(based on Ref. 1) and (b) schematic illustration for the
relationship between the J., trajectories corresponding to
channels with different Q values (Q; and Q,) populating
the same compound nucleus as implied by the statistical
yrast limitation model (Ref. 8).

1410



25 9B 4+ Y70 FUSION CROSS SECTIONS 1411

gion could be obtained by postulating that limita-
tions due to intrinsic properties of the compound
nucleus is the actually dominating mechanism.
With increasing bombarding energy the angular
momenta brought into the system will eventually
exceed the absorption limit of the compound nu-
cleus and the corresponding partial waves cannot
fuse. However, in order to connect the presumably
simple entrance channel configuration to a more
complicated CN configuration, a large and strongly
intercoupled subset of levels in the E*-J phase space
at the point of injection is necessary.” Consequently
the limitation to fusion need not by and in fact
should not be the same as the physical yrast line of
the nucleus. The existence of a “statistical yrast
line” is suggested. In order that the concept of this
effective limitation line be meaningful it should be
characterized mainly by the structural properties of
the compound nucleus and not by entrance channel
dynamical quantities. Vandenbosch et al.” have
given a detailed discussion on how to estimate the
location of this line by employing the criterion that
[';~D; where T'; is the width of the compound nu-
clear states in the excitation region E* and D; is the
corresponding level spacing. Lee et al.%° have tak-
en another approach by shifting the statistical yrast
line upward in excitation energy by a constant value
of AQcn with respect to the physical yrast line.
Since the actual yrast line is not well known for
light nuclei these authors have relied on the rigid
rotor approximation.?

One interesting aspect of the “statistical yrast-
line” model is that it implies a very definite rela-
tionship between the fusion cross sections for dif-
ferent channels populating the same compound nu-
cleus. In the model of Lee et al. the fusion cross
sections in region II for different entrance channels
are related by®

I T
Ofus,i =

N14+(Q—AQen)/Eemil, (D

4

where 7 is the entrance channel label, y; and Q; are
the corresponding reduced mass and Q value for
compound nucleus formation, # ¢y is the moment
of inertia of the compound nucleus, and AQcy is
the statistical yrast line displacement energy. At
high excitation energies the individual trajectories
of the critical angular momenta for fusion of these
channels should merge to coincide with the yrast
limitation line of the compound nucleus [Fig. 1(b)].
This two-parameter model can be over determined,
and hence tested, by studying at least three different
channels populating the same compound nucleus.
Such a test is the main motivation of the present
measurement.

The °B + 0 system populates the compound
nucleus 2’A 1. It can be seen from Table I that this
channel has a much higher Q value for compound
nucleus formation (28.4 MeV) than the other sys-
tems (’C+ N, "B+1'0, 2C+ "N) readily
available for experiment. The '°B + ’O channel is
also unusual in that the %rround state spins for both
nuclei are quite large (% and 37%) as compared to
other nuclei in this mass region. Conseqlllently the
entrance channel spin can be as high as — units of
# which is a substantial fraction of the grazing orbi-
tal angular momentum (~20—304) at the energies
of the present study.

It should be noted that for systems with nonzero
entrance channel spin, two different values for the
critical angular momentum can be extracted from
the experimental data (by the sharp cutoff model
for fusion) depending on whether one requires the
cutoff on the orbital angular momentum (/_,), or on
the total angular momentum (J;). In the first case,
the result is identical to that of the spin-0 case,
namely,

(U412 =afP/mi? . 2)

In the latter case, however, one would have instead

TABLE I. Heavy-ion entrance channels populating the compound nucleus A1,

Channel Qcn (MeV) Channel spin (Smax) ()
9B + 70 28.4 34,27 (5.5)
BC 4 ¥N 23.2 31 (1.5)
B + 150 21.1 27,0% (1.5)
2C 4+ BN 17.2 o+, 3 0.5)
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where 0 is the usual step function, I,, I, are the
spins of the projectile and target nuclei, I is the
channel spin, / is the orbital angular momentum,
and I, denotes the entrance channel grazing angular
momentum. The constraint [ </, assures that only
partial waves smaller than the grazing partial wave
can contribute to complete fusion. This condition is
shown explicitly in (3) so that for J <J, terms
with [ =J +1 larger than [, are not included. Re-
sults obtained from (2) are often quoted in the
literature for systems with nonvanishing channel
spins even though we think that the J, values from
(3) are more appropriate for comparison concerning
compound nucleus limitation effects. It is neverthe-
less true that the difference between /.. and J is
usually very small and is important only at low en-
ergies.

II. EXPERIMENT

The measurements were performed with the
MP-Tandem of the Brookhaven National Laborato-
ry Tandem Facility at beam energies of Ey, (70)
= 54, 72, 104, and 124 MeV. The fusion cross sec-
tions were deduced by integrating the measured an-
gular distributions of the heavy residues.

A. Experimental setup

The experimental setup is shown in Fig. 2. The
main detector was a particle telescope comprised of
an ionization chamber AE counter and a position
sensitive silicon counter (~ 1000 um thick) as the E
detector. Entrance windows for the ionization
chamber were made of stretched polyproplane foils
~80 pug/cm? thick and pure methane gas (14—20
Torr) was used as the detector gas. The AE and E
signals were gain matched by means of an a source
and summed to yield the total energy signal. An
angle defining slit mask was positioned in front of
the telescope so that four angles could be measured
simultaneously. The slits were separated by 2.0 +
0.1° and each slit subtended an in-plane acceptance

EXPERIMENTAL SETUP

PSD
1000Lm

FIG. 2. Experimental setup for the 'B + 'O mea-
surement.

angle of 1.8°. The solid angle of the individual slits
(~0.4 msr) was determined by a calibrated «
source. Two monitor detectors were mounted sym-
metrically on either side of the beam to provide ad-
ditional monitoring and relative normalization in-
formation. The detectors were aligned with respect
to the beam axis with an optical telescope with an
estimated accuracy of ~ 0.1°.

The target was composed of an isotopic '°B
(97%) self-supporting foil ~50 pg/cm? in areal
density. A flash of gold ~ 1 ug/cm? thick had been
evaporated onto the beam side of the target in order
to obtain the absolute normalization of the cross
sections. The B to Au target thickness (in
pg/cm?) ratio, R, was 1:0.0275 as determined by
Rutherford scattering at Ep,, ((70) = 20 MeV at
forward angles. Due to the target fabrication pro-
cess there was an approximately 8% oxygen con-
taminant in the target. The consequences of this
contamination and the procedure we have applied
to correct the experimental data will be described in
Sec. I

B. Data acquisition

The measurements were conducted in singles
mode with a valid telescope event comprised of
three parameters; the position P, AE, and Ej
(=AE +E). The position signal was obtained by an
analog divider which has an E-pulse threshold of
~50 mV. Software gates were drawn on the P vs
E7 spectrum to generate four AE-E maps each of
which corresponded to a single detection angle.
The events were sorted on line according to the po-
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sition. Sample two-dimensional spectra for P vs Ey
and AE vs Ep are shown in Figs. 3 and 4. Both the
position resolution and charge separations were suf-
ficient for our purpose. The bending of the position
bands at low E signals (Fig. 3) caused by the non-
linear response of the detector and analog divider
were taken care of by drawing the two-dimensional
gates accordingly.

C. Absolute normalization

The Coulomb scattering of 7O on Au together
with the measured '°B to Au target thickness pro-
vided the absolute normalization for our data. Be-
sides avoiding the uncertainties usually associated
with the absolute target thickness and beam current
integration, this method of normalization is neces-
sary in our case as the beam current was blocked by
the physical size of the telescope for the most for-
ward angle measurements. By aligning the detector
angles accurately the uncertainty in the absolute
cross section due to this normalization procedure
was estimated to be ~ 5%.

III. DATA REDUCTION

There were two major problems in extracting the
fusion cross sections for the present experiment.

120
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FIG. 3. Position versus total energy spectrum taken
at 61,=10°" and E,,(’0) = 124 MeV.
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FIG. 4. Two-dimensional AE-E;r map for a single
slit. The spectrum was taken at Oy, =15 and Eyy, (170)
= 124 MeV.

The first is due to the strong overlapping of the
peripheral reaction and fusion residue components
in the energy spectra for residues with Z values
close to that of the beam. This difficulty is inherent
to fusion measurements in this mass region. Figure
5 shows the residue yield pattern for '°B + 70 (124
MeV) estimated by the Monte Carlo evaporation
code LILITA.'® It can be seen that the yield strength
is dominated by atomic numbers close to that of the
beam. Spectrum decomposition is necessary in this
case to separate out the direct components.? Anoth-
er problem is the oxygen contamination in the tar-
get. The fusion of %0 + "0 will also produce resi-
dues close to our region of interest. By assuming an
identical cross section as for °B and an 8% oxygen
contaminant the Z yield pattern for '%0 + V70 is
shown by the blank histogram in Fig. 5. Residues
with atomic number Z =8 and up are affected. To
remedy both these problems we have relied on eva-
poration model spectra simulations in guiding the
data reduction process.
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FIG. 5. Estimation of the effect of the oxygen con-
tamination (*°0 + '70) in the target on the residue yields
at E,p (70) = 124 MeV. Identical fusion cross sections
for *O and '°B, and an 8% oxygen contaminant were
assumed.

A. Spectra decomposition

To decompose the energy spectra into peripheral
and compound components, the energy centroids
and widths of the residue yields in the laboratory
system were simulated with the code LILITA.'®
Figure 6 shows the comparison between the experi-
mental and calculated energy spectra at Ey, ('70)
= 124 MeV where mixing is expected to be the
strongest. The calculations were arbitrarily normal-
ized to the experiment for each Z. For residues
with Z > 10 the agreement between data and calcu-
lations is good and no decomposition was necessary.
However, substantial subtractions had to be made
for elements with Z =9 and smaller. The good
agreement between calculations and data for high Z
residues gave us confidence in the reliability of this
extraction procedure. It is probably also the only
way for extracting fusion cross sections in this mass
region without evoking more exclusive coincidence
measurements.

It should be noted that only the calculated peak
centroids and widths were used in the data reduc-
tion process but not the predicted yields. Therefore

108 + 170 (124 Mev)

1000 |

COUNT

O 20 40 60 B8O 100 0 20 40 60 80 1C)
E lchonnel no.)

FIG. 6. An example of decomposing the residue en-
ergy spectra into compound and peripheral components.
The histograms were generated by the Monte Carlo code
LILITA.

our analysis is model dependent in the kinematic
sense but not on the details of the parameters used
in the calculation. In fact the calculated peak cen-
troids and widths were not sensitive to the statisti-
cal model parameters.

It is interesting to note that two distinct com-
ponents could also be observed in some of the ener-
gy spectra for high Z residues (e.g., Ne) at forward
angles and at low bombarding energies (Fig. 7).
These components, however, appear to be of
kinematical origin corresponding to the difference
in recoil energy of the residue when accompanied by
forward and backward a emission. No decomposi-
tion was needed. To examine this effect calcula-
tions were performed to separate the residue yields
into two parts corresponding to backward (B) or
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forward (F) light particle emission (Fig. 7). The re-
sult agrees well with the experimental observation
and supports the previous statement. Similar ef-
fects were not observed for residues accompanied
only by nucleon emissions (e.g., Mg) due to the
smaller light particle mass.

B. Correction for oxygen contaminant

Since the energy centroid of a given residue from
the %0 + 7O reaction usually lies lower in energy
than that resulting from 1°8 4 170, and as the con-
taminant reaction contribution is usually small and
does not form distinct peaks, the energy decomposi-
tion method becomes less useful. To correct the
data we have made use of the fact that to reach the
same final daughter nucleus the **S (%0 + '70)
compound nucleus has to emit six more nucleons
than does 2’A1 (°B + '70). Consequently the angu-
lar distribution for the 33S residues has a much wid-
er spread in angle. An example is shown in Fig. 8
comparing the calculated Mg (Z =12) yields from
both reactions at E;,, (’O) = 54 MeV. It can be

150 —T T T 1 T
10 17
B+'0(54Mev) g (g0 -
Z =10 Lp
= B B: 8 >90 ~
L e DATA (5.8°) L.p.
M LILITA T
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Z
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50 ~

0 20 40 60 80 100 120
€, CHANNEL NO.

FIG. 7. The kinematical origin of the two components
observed in the Z =10 yield at 6,,,=4.8° and E,,, (’0)
= 54 MeV. The histograms are results of the LILITA
calculation sorted according to forward (F) or backward
(B) particle emission.
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FIG. 8. An example of subtracting the oxygen con-
tamination yield by normalizing the calculated angular
distribution at large angles to the experimental yield.
The inset shows the calculated Mg energy spectrum ori-
ginating from the '%0 4+ 'O reaction as compared with
the measured spectrum (heavy lined histogram) at
612 =20".

seen that for 6y, > 20°, the code predicts essentially
no yield (within the statistics of the Monte Carlo
calculation) for the '°B + 7O reaction while the ex-
perimental angular distribution agrees well with the
calculation for '®0 + 70 at large angles. The com-
parison of the experimental and calculated energy
spectra at 0),,=20° for the Mg residual is shown in
the inset of Fig. 8. Both support the interpretation
that all the 20° counts actually come from the oxy-
gen target contaminant. The experimental cross
section was corrected by normalizing the calculated
angular distribution to the raw data at large angles
and subtracting off the integrated yield.

The amount subtracted, due to the oxygen con-
tamination, from the individual residue lies between
3—5 % and is smaller than the uncertainties associ-
ated with the spectrum decomposition process. The
uncertainty in the total fusion cross section arising
from the higher Z residues is even smaller since
they contribute only a small fraction of the total
residue yield.
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IV. RESULTS

The results of the measurement are summarized
in Table II. The largest fusion cross section we
have observed is 1250 + 110 mb for the 104 MeV
data point. The uncertainties are estimated to be
~ 7% for the two lowest energy points and ~ 9%
for the two higher energy points. Also listed are the
critical angular momenta values [/, and J, extract-
ed from the data by using the sharp cutoff model
according to Egs. (2) and (3), assuming the
transmission coefficients are independent of the
channel spins.

The percentage residue yield as a function of Z at
different bombarding energies as well as the eva-
poration model calculations are shown in Fig. 9.
The LILITA calculations {shown by blank histo-
grams) were performed with statistical model
parameters obtained either by fitting the known
low-lying levels of the nuclei or from the systematic
study of Ref. 11. Generally speaking, the yield for
the higher Z residues can be well reproduced by the
code, even though large discrepancies exist for resi-
dues lying below the beam. These low Z residues
usually correspond to the late stages of the deexcita-
tion process where particles are emitted from a rela-
tively low excitation region of the parent nuclei.
The accuracy of the calculation may have been af-
fected by the approximations employed in treating
the level density and transmission coefficients at
low excitation energies.'®

The comparison of the [, values from the present
work to those of Wieleczko et al.'? for °B + "0 is
shown in Fig. 10. Also included are other known
experimental results for the related channels
BC 4 N, "B + 0, and '°C + "N taken from the
literature.'>!3> The agreement of our 54 and 72
MeV data with the Saclay work is good. The 124
MeV data point also lies within an error bar to the
points for *C + "N and ''B 4 '®O measured at
approximately the same excitation energy. At these
energies, /., and J. are almost identical and the
close promixity of the /. values for at least three

40
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FIG. 9. Experimental percentage residue yields for
B + 70 (solid histograms) compared with LILITA cal-
culations (blank histograms).

channels at E* (*?A1) > 70 MeV supports the statist-
ical yrast limit picture.

V. ENTRANCE CHANNEL MODEL
CALCULATIONS

To examine the data further we have performed
some simple model calculations for the fusion cross
sections induced by the four channels shown in Fig.
10. Even though the original motivation was to
study the compound nucleus-limitation effects on
fusion, it is interesting to see how well the entrance
channel models can reproduce the data.

According to the model of Glas and Mosel the
fusion cross sections in domains I and II are given
by*

ICI'
ofs=mk> Y (21 +1){1+exp[2m( Vg —E)]/#iw)} '
1=0

V=V +#1(1+1)/(2uRg?) , 4
I+ D=2uR HE -V ) /%,

TABLE II. Summary of experimental results for '°B + 7O in the present measurement.

E, (MeV) E .. (MeV) Ein (MeV) Opys (mb) I (A) Jor ()
54 20.0 48.4 1046+ 60 13.2 14.1
72 26.7 55.1 1128460 16.0 16.7
104 385 66.9 [250+110 20.5 20.5
124 459 74.4 1239+110 224 224
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FIG. 10. Summary of existing fusion data for the
YAl system. The curves are Glas-Mosel model calcula-
tions.

where R (Rg) and V. (V3) are the critical (barrier)
radii and potential strengths. The [, values
corresponding to fusion cross sections calculated by
the Glas-Mosel model are shown by different curves
in Fig. 10 and the parameters used in the calcula-
tions are tabulated in Table III. The / ; values were
obtained from the experimental data by use of Eq.
(2). The trend of the data at low excitation energies
for all channels can be well reproduced by using al-
most identical barrier parameters. This is con-
sistent with the picture that at low energies the fu-
sion systematics follow basically the geometrical

scaling of the entrance channel. The separation of
the trajectories in this region is simply due to the
different Q; values of the individual channels.
However, in order to describe the data at higher
excitation energies [E**’A1)>60 MeV], the
9B + 70 channel requires a relatively large r,
value of 1.28 fm. The r. value needed for
BC 4+ "N and "B+ 0, r,=1.20 fm, is also
larger than the nominal value of 1.0 fm.® For com-
parison, the parameters for 108 + 160 and
2C + N (which populate the compound nucleus
%A1 and differ from the present system by only a
single neutron) are also listed in Table III. It is in-
teresting to notice the similarity between these two
systems in that the channel with the highest Q;
value also requires the largest r . value. It is con-
ceivable that even though kinematical matching
conditions are comparable, the larger compound nu-
cleus phase space seen by the channel with the
higher Q; may be reflected as an increase in r in
the entrance channel description for lighter systems.

VI. COMPOUND NUCLEUS LIMITATION MODELS

Compound nucleus limitations on fusion cross
sections are described by the models of Vanden-
bosch et al.” and Lee et al.® For the sake of clarity
only the data for the '°B + 'O and '?C + '®N chan-
nels, together with a high energy data point for the
BC 4 N reaction at E**’A1) = 98 MeV,'? are
plotted against J(J +1) in Fig. 11. This provides a
wide dynamical range for comparison.

Kolata!* has pointed out that the fusion cross
sections for %0 + %0, 12C + 2C, and '°O + '*C at
high energies appear to be limited by the extrapolat-
ed ground state band of the compound nucleus.
The dotted curve in Fig. 11 shows the extrapolated
ground state band for 2’A1 based on known low-
lying levels. It can be seen that this band is not lim-
iting the present system.

The results of the model calculations are shown

TABLE III. List of parameters used in the Glas-Mosel model calculations.

Channel rg (fm) Vg (MeV) re (fm) V. (MeV) #iw (MeV)
g 4 Qo 1.5 6.7 1.28 0.0 2.0
BC 4+ “N 1.5 6.7 1.20 1.0 2.0
B 4 %0 1.5 7.7 1.20 0.0 2.0
2C + BN 1.5 6.7 1.20 0.0 2.0
18 1+ 0 1.5 6.7 1.35 2.5 2.0
RC+ BN 1.5 6.7 1.11 —1.9 20
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FIG. 11. Statistical yrast limitation calculations ac-
cording to the model of Ref. 8.

in Figs. 11 and 12. Due to the uncertainties associ-
ated with the data the parameters could not be
unambiguously determined. In fact, the high ener-
gy data points can be fitted quite well by a simple
rigid rotor model with ro=1.23 fm (dashed curve,
Fig. 11). But since this curve misses the saturated
region of the '2C + >N channel a more reasonable
fit based on the model of Ref. 8 can be obtained as
shown by the heavy solid curve in Fig. 11. The
parameters, ro=1.28 fm and AQcn =5 MeV, differ
quite significantly from the values of 1.20 fm and
10 MeV deduced by Lee et al.® for other systems.
The model of Lee et al® only provides a
parametrized form of the statistical yrast line tra-
jectory. To see if the parameters deduced are physi-
cally reasonable we have estimated the location of
the limiting trajectory for >’A1 according to the
model of Vandenbosch et al” In this model, the
criterion for a partial wave I, corresponding to
channel spin S and total angular momentum J, to
be absorbed by the compound nucleus is that
I'yj~D; where I'; is the local compound nuclear
level width and Dy is the corresponding level spac-
ing. The parameters suggested by Vandenbosch
et al.” were used. The average level spacing was
calculated using the back-shifted Fermi gas model'®
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FIG. 12. The location of the statistical yrast line for
the ZA1 nucleus as estimated by the model of Vanden-
boschi et al.”

with the rigid rotor spin cutoff parameter ro=1.16
fm and I'; was calculated by the J-independent em-
pirical formula of Shapira et al.,'®

I';=14exp(—4.69S),
S=(4/E*'?,

(5)

where 4 is the atomic number of the nucleus and
E* the excitation energy. The level density and
pairing energy parameters were obtained from Ref.
15. The result, shown by the long dashed curve la-
beled ro=1.16 and I';=D; in Fig. 12, does not
have the same slope as the higher energy portion of
the data. For comparison, the calculated curve
corresponding to the requirement that T';=4D; is
also plotted (dotted-dashed curve). Even though
this latter curve lies closer to the data in excitation
energy, the slope of the empirical trajectory is still
not reproduced. Changing the 7, parameter drasti-
cally from r3=1.16 to 0.95 fm generates a trajecto-
ry (short-dashed curve) whose slope is much closer
to that of the empirical line but lies too high in ex-
citation energy.

These calculations were found to be not very sen-
sitive to variations in the level density parameter a.
It should be noted, however, that I'; is independent
of J due to the approximations made above and this



fact may have affected the results. The spin cutoff
parameter for *’A1 has also been deduced by
Gomez del Campo et al.'’ by studying a emission
from the ?C + N reaction. The value reported,'’
ro=1.45 fm, is substantially different from that
suggested by Ref. 7. The calculated -curve
corresponding to this value is shown by the dotted-
dashed line in Fig. 12 which deviates even further
from the data. These discrepancies are most likely
due to lack of accurate information on I'; and D,
and do not necessarily invalidate the criterion
I';~D; which seems physically very acceptable.
However, these problems indicate that caution
should be exercised in comparing this model to ex-
perimental results.

VI. SUMMARY

We have extended the complete fusion cross sec-
tion measurements for '°B + 7O to E**’'A1)~75
MeV. The low energy points agree well with those
of Ref. 13. These measurements and existing fusion
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data for C + N and "'B + '°0 at high excitation
energies'>!? yield values for J,, (fusion) that appear
to approach a common trajectory. This trend is
consistent with the existence of a compound nucleus
limitation on the fusion cross section at high excita-
tion energies of 2’A1. Data points are scarce in this
energy region, however, and results for the
12C 4+ N channel are still unavailable. It would be
very desirable to have high energy >C + >N meas-
urements to fill in this gap.
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