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Absolute yields, energy spectra, and angular distributions of heavy residual nuclei ranging from Ne to Si have
been measured in the reactions '°0 + '2C, '’0 + '2C, and '*0 + '2C. For each system measurements have been
performed at seven beam energies corresponding to the range 7 to 14 MeV c.m. The formation of the above
products is shown to be consistent with a reaction which proceeds through the formation and decay of an
excited and equilibrated composite system. Systematic differences between the absolute magnitudes of the
fusion cross sections of the three reactions have been observed. It is shown that these differences are closely
related to the expected differences in the nuclear size and surface diffuseness of the oxygen isotopes. Possible
implications for astrophysical processes are briefly discussed.
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barrier characteristics.

I. INTRODUCTION

Compound nucleus reactions are known to con-
stitute the major fraction of the interactions be-
tween complex nuclei at low and moderate bom-
barding energies. Nevertheless, little information
is available on complete fusion cross sections of
heavy-ion beams with light target nuclei. Such in-
formation is needed for the study of fusion barriers
and their dependence on nuclear charges, sizes,
and shapes of the interacting nuclei. Other features
of heavy-ion complete-fusion reactions which are
of interest include limitations on the fusion due to
angular momentum effects and the decay properties
of the composite system.

In the low energy region, compound nucleus
formation cross sections have been measured for
the reactions 2C+'2C (Ref. 1), %0 +'*C (Ref. 2 and
3), and 0 +'°0 (Ref. 4) at energies from below the
Coulomb barrier to slightly above it. The experi-
mental techniques employed included mainly the
measurement of emitted light charges particles
and y rays. Interest in these reactions arose from
their importance in astrophysical processes. In
addition, numerous intensive investigations have
been conducted over the last 15 years in order to
understand the nature of the structures which ap-
pear in the excitation functions of many of the out-
going channels of the reactions 2C+12C, %0 +!2C,
and %0 +1%0. Lists of relevant publications can be
found in Refs. 1-4. It has been shown that all
prominent decay channels proceed predominantly
through the compound nucleus mechanism.
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In this work we describe a study of complete
fusion reactions between %0, "0, and 20 projec-
tiles and '2C nuclei in the energy region 7 to 14
MeV c.m. In the fusion of oxygen with carbon, ex-
cited silicon compound nuclei are formed. These
compound nuclei decay mainly through emission of
light particles, yielding heavy residual nuclei
ranging from Ne to Si. The excitation energies
which have been reached in the present experiment
are indicated in Fig. 1. This figure also includes
ground-state @ values for many of the decay chan-
nels. Our measurements involved determination of
yields, energy spectra, and angular distributions
of the heavy residual nuclei mentioned above.
Complete fusion cross sections as a function of
bombarding energy have been determined by mea-
suring directly the absolute yields of the heavy re-
sidues. The experimental procedure employed in
the present work is described briefly in Sec. II.
The experimental data are presented in Sec. III.

In Sec. IV we concentrate on the decay of the three
silicon composite systems. In particular, we study
the differential yields of the heavy reaction pro-
ducts and their recoil characteristics. The inves-
tigation of these important properties has been
ignored in most previous studies of heavy-ion re-
actions. The complete fusion excitation functions
of the reactions %0 +!2C, "0 +'2C, and '®0+!2C are
then analyzed in order to obtain information on the
fusion barriers of the corresponding systems. In
view of the strong absorption character of heavy-
ion collisions, the absolute magnitudes of the fusion
cross sections as well as their energy dependence
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FIG. 1. Ground-state @ values and excitation energies for the reactions of 10, 170, and 180 with 12C. (In this figure

h represents 3He).

are expected to depend on the nuclear size and
boundary diffuseness of the oxygen isotopes. The
underlying idea of this investigation is to resolve
the effects of the nuclear interaction from those of
the dominant Coulomb repulsion by comparing sys-
tems in which the latter interaction is very similar,
Section V is devoted to a short summary and con-
clusions.

II. EXPERIMENTAL PROCEDURE

Beams of %0, "0, and %0 were provided by the
EN tandem Van de Graaff accelerator of the Weiz-
mann Institute of Science, Rehovot. The carbon
targets consisted of self-supporting thin (2—-20
pg/cm?) natural carbon foils (98.8% '2C). Heavy
reaction products were detected and identified by
two separate AE-E counter telescopes. In each
telescope the AE detector consisted of a thin gas-
flow proportional counter filled with a mixture of
90% argon and 10% methane. The gas pressure was
kept constant and was adjusted to provide a AE de-
tector with a nominal thickness of about 170 pg

/em?. Thin thermoplastic films of about 70 pg/cm?
were used as front windows for the gas counters.
The E detectors, which consisted of solid-state
surface barrier detectors, were placed on the in-
ternal rear sides of the gas counters. The pulses
of the AE and E detectors were processed with
conventional electronics, and the coincident data
were accumulated in a 64 X 128 array within an on-
line PDP-9 computer.

The angular acceptance of each counter telescope
was about 0.3° in the laboratory frame and sub-
tended a solid angle of about 6 X 10~ sr at the tar-
get. The angular setting for each detector was
read directly on a 360° scale with an accuracy bet-
ter than 0.1°. The dial reading was calibrated by
left-right measurements of the elastic scattering.
Two small surface barrier detectors were placed
in fixed positions in the forward hemisphere of the
chamber to serve both as beam and target thick-
ness monitors. To obtain absolute values of the
cross sections, the elastic scattering cross sec-
tions at forward angles were normalized to calcu-
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FIG. 2. A AE vs E-AE display of heavy reaction pro-
ducts measured in the reaction 32.63 MeV 60 on 12C at
15° lab (see text).

lated Rutherford cross sections.

The energy response of the counter telescopes to
heavy ions was determined experimentally by de-
tecting F, Na, Mg, Al, Si, and Cl ions recoiling
elastically from appropriate thin targets in oxygen
bombardments.

Some accumulation of silicon and oxygen con-
taminants on target during bombardments has been
observed. Elastically recoiled Si events were
clearly distinguished from the fusion residues. The
amount of oxygen in target was determined from
the elastic scattering of oxygen on oxygen mea-
sured with the aid of the monitor detectors. On
the basis of the %0+ !®0 fusion data® it is estimated
that the upper limit of the contribution of the oxy-
gen contaminant to the measured yield is 3% at 14
MeV c.m. and 0.5% at T MeV c.m. The presence
of the natural 1.1% 3C in targets was ignored
throughout the analysis.

III. EXPERIMENTAL RESULTS

An E-AE vs AE display of the heavy residual
nuclei and their kinetic energy distributions mea-
sured at 15° lab in the reaction 32.63 MeV '°0O on

2C is shown in Fig. 2. The four thick lines mark-
ed by #Na, >*Mg, 27Al, and 2%Si indicate the exper-
imentally calibrated loci of the corresponding iso-
topes. A large yield of neon is clearly observed.
Neon nuclei have also been observed in the reac-
tions 'O +'2C and **0+'2C, but their yields were
smaller than in the reaction **0 +!2C. No fluorine
events have been detected during the course of the
present experiment.

As can be seen in Fig. 2 the energy resolution of
the AE detector was sufficient to resolve complete-
ly the elastically scattered nuclei and the fusion
residues. However, except for neon, the energy
resolution was not sufficient to resolve the various
fusion products, although some distinction between
them could be made in the high energy part of the
spectrum. Since the stopping powers of low energy
heavy ions are very close to one another, their
signals overlap at very low recoil energies, irre-
spective of the energy resolution. It is also seen
in Fig. 2 that the low energy tail of the elastic
scattering peak, caused mainly by slit scattering,
interferes slightly with the low energy tail of the
fusion products. A low energy cutoff at about 6.5
MeV was therefore imposed on the measurements.
However, it was found from experimental system-
atics, and verified by evaporation calculations,
that the portion of the events with energies below
the cutoff level was negligible in most cases and
always less than 15%. The unmeasured fraction of
the fusion products was estimated from the calcu-
lations, and the fusion yield was corrected accord-
ingly.

For each system measurements were performed
at seven beam energies spanning the region 7 to 14
MeV c.m. Incident and corresponding c.m. ener-
gies are listed in Table I. At each bombarding en-
ergy, energy spectra and differential cross sec-
tions of heavy residual nuclei were measured from
4° to about 31° in the laboratory frame in steps of 1°
or 2°. A few double-differential cross sections in
the laboratory frame are displayed in Figs. 3 and
4. Due to the insufficient resolution in the AE di-
mension, events in the E-AE dimension were sum-
med over the entire elemental spectrum, except for
the data shown in Figs. 4(a) and 4(c), where the
neon yield could be resolved from the rest of the
fusion residues down to fairly low recoil energies.
Since the energy response in the E-AE coordinate
depends on the atomic number (see Fig. 2), the
combined energy spectra in Figs. 3, 4(b), and 4(d)
should be considered as approximate energy spec-
tra only. The kinetic energy scales were adjusted
at each angle to the product which contributes
mostly to the yield at that angle. This information
was obtained from evaporation calculations. At
some angles average (with respect to the atomic
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TABLE 1. Bombarding energies, c.m. energies, and @ ! T F 20l T Ty 20
complete fusion cross sections o for the reactions of 'K totd s
160, 170, and %0 with 12C. The energies were corrected 3 aor Wﬂw T Tos
for losses in the targets. The uncertainty in the c.m. = 20k H} M” H 1 » o
energy scale is £J:02 MeV. é L £
. w7sof — 758
Projectile E.b (MeV) E . (MeV) o (mb) : (b) it g
° | \] ~
160 16.33 6.99 13.2% 2.5 8 ] " N )
18.63 7.99 80.5+ 8.4 ® ssol y Jos
20.99 8.99 195 £19 ‘ -
23.31 9.99 327 =28 ol L 21?"" L—t—dalo
27.98 11.99 540 £46
30.03 12.87 632 +52 Recoil Energy (MeV)
32.63 13.99 73 +60
170 16.91 7.00 18.3% 2. FIG. 4. Experimental (points) and calculated (histo-
19.28 7.98 101 =11 grams) laboratory double-differential cross sections of
21.74 8.99 239 +19 ?seavy f;esidual nuc'lei formed in the rea'cti.on 32.63 MeV
24.13 9.99 409 +30 O on '*C. Statistical counting uncertainties are shown
28.98 11.99 597 +42 for the experimental points. The residual nuclei, the
31.11 12.87 661 49 laboratory angles, and the elements which the energy
33.84 14.00 751 £57 scales refer to are as follows: () 2Ne at 7°, Ne; ()
8 Na-Si at 7° (cross sections below 14.7 MeV include the
Y 17.48 6.99 25.2= 3.0 2Ne yield), Mg/Al; (c) 2’Ne at 15°, Ne; (d) Na-Si at
19.98 7.99 123 +10 15° (cross sections below 10.9 MeV include the 2’Ne
22.48 8.99 299 =23 yield), Na/Mg. The arrows in sections (a) and (c) indi-
24.98 9.99 418 =31 cate recoil energies of 2’Ne corresponding to the follow-
29.98 11.99 652 *46 ing transitions of the reaction 12C(160, *Ne)®Be 4. : (1)
32.18 12.87 724 *63 MNe (g.s.); (2) 2Ne(1*, 1.63 MeV); (3) 2Ne (2,
34.98 13.99 794 *63 4.25 MeV).
number) calibration curves were used as indicated
in the figure captions. Some measured differential
cross sections of heavy residual nuclei are dis-
played in Figs. 5 and 6. By integration of the dif-
. ' | —7 | . [ ferential cross sections over angle, the total com-
(a) (c) | } 1 plete fusion cross section was obtained. The values
of the measured complete fusion cross sections
_400 T 720 are presented in Table I. The contribution of the
> ! % angular region 0°-4° lab to the fusion cross sec-
=200 } T 1'0= tion was estimated by the extrapolation of experi-
ﬁ ol . }‘? mental angular distributions as described in Sec.
EO b " E IV. The errors associated with the extrapolation
wiso T w were estimated from the quality of the agreement
=] < between experiment and calculations over the en-
5loo T D tire angular range. It is important to note that the
© © contribution of the unmeasured portion of the an-
50 T gular distribution to the total fusion cross section
b is not more than approximately 10%.
T 5 530 © The fusion cross sections of the reaction %0 +'2C

Recoil Energy (MeV)

FIG. 3. Experimental (points) and calculated (histo-

grams) laboratory double-differential cross sections of

heavy residual nuclei ranging from Ne to Si formed in

the reaction 22.48 MeV 180 on 12C. Statistical counting

uncertainties are shown for the experimental points.

The laboratory angles and the element which the energy

scale refer to are as follows: (a) 6°, Al/Si (average

between Al and Si); () 10°, Al; (c) 17°, Mg; d) 21°, Mg.

at 7Tand 8 MeV c.m. agree within the experimental
uncertainties with the combined cross sections of
evaporated light particles measured previously for
the same reaction.>»* The latter experiments in-
volved the measurement of protons and a parti-
cles,® as well as of ?"Si, indicative of neutron
emission.? For the excitation energies which cor-
respond to the above mentioned kinetic energies,
the contribution to the yield from two- (or more)
particle decays is expected to be small.
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FIG. 5. Measured (points) and calculated (curves)
laboratory angular distributions of heavy evaporation
residues at 9 MeV c.m.

IV. DISCUSSION

The formation of all elements listed in Fig. 1 has
been observed in the present experiment. In some
of the spectra individual isotopes are identified un-
ambiguously because of large differences between
reaction @ values or from two-body kinematics.

Of particular interest are the relatively large *°Ne
cross sections in the reaction '°0 +'2C as well as
the formation of neon in the bombardments of 2C
with "0 and '%0. Here possible contributions from
a-transfer processes should be considered. A few
comments about these reactions will be added la-
ter.

Since many excited states are involved in the
evaporation, the heavy residual nuclei are expected
to possess broad and rather smooth energy spectra.
This feature is clearly observed in Figs. 3 and 4.
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FIG. 6. Measured (points) and calculated (curves) la-
boratory angular distributions of heavy evaporation re-
sidues at 12.9 MeV c.m.

A quantitative analysis of the decay has been car-
ried out within the framework of the statistical
model, assuming that a complete equilibration of
the excitation energy is reached among the con-
stituents of the silicon composite system. It was
further assumed that the evaporated particles are
emitted isotropically in the center-of-mass frame.
The latter assumption enables one to perform
practical calculations, particularly when two or
more particles are emitted sequentially.

The evaporation calculations have been perform-
ed with an improved version of the Dostrovsky,
Fraenkel, and Friedlander (DFF) evaporation®®
code. In the calculations we considered the emis-
sion of the following particles: =, p, d, ¢, 3He,
and @. Emission probabilities were calculated ac-
cording to the procedure described in Ref. 6. All
known discrete low-lying levels were taken into
account. Inverse light particle cross sections®
were readjusted in order to obtain better agree-
ment with optical model predictions. A complete
list of the parameters will be presented elsewhere.”

A visual display of the calculated angular distri-
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FIG. 7. Calculated yield as function of energy and
angle of heavy residual nuclei for 50 000 evaporation
cascades in the reaction 32.63 MeV 0 on 12C. The
events were summed over energy invervals of 2 Mev
and angular intervals of 2° in the laboratory. The sec-
tion marked “Total” represents the combined yield.
Each dot represents 1-100 events in the “Total” section
and 1-50 events in all others.

butions and energy spectra obtained for the reac-
tion 32.63 MeV %0 with '2C is presented in Fig. 7.
Events were summed over energy invervals of 2
MeV and angular intervals of 2° in the laboratory.
Similar calculations have also been performed for
all other bombardments. Computed energy spectra
have been used to correct the measured yield for
its small unmeasured fractions. Computed double-
differential cross sections are presented as histo-
grams in Figs. 3 and 4. The angular “resolution”
of the calculations was chosen to be 2° in the labor-
atory. In addition, events were summed over in-
tervals of 1 MeV. In the calculations presented in
Figs. 3 and 4, the statistical uncertainties are
about the same or better than the statistical un-
certainties associated with the experimental data.
Calculated angular distributions of fusion resi-
dues are presented as curves in Figs. 5 and 6.
Since the calculations provide only relative differ-
ential cross sections, the absolute scales of the
calculated cross sections were determined by
weighted least-square fits to the experimental data.

The calculated results were then used in extrapo-
lating the experimental differential cross sections
to the angular region 0°-4° lab as described above.
Some of the details of the energy spectra and those
of the angular distributions may be understood with
the aid of Fig. 7. Firstly, differences are expected
between energy spectra of heavy residues formed
in one-particle evaporation and those of products
formed in two- (or more) particle emission. These
differences are easily explained by simple kinema-
tic considerations. Secondly, large differences are
expected between maximum recoil angles and re-
coil energies obtained in a particle emission and
those obtained in nucleon emission. Thus, a max-
imum recoil angle of approximately 12° lab is pre-
dicted for heavy residual nuclei formed by #, p,
2n, np, and 2p evaporation. Shoulders at approxi-
mately 12° lab appear, indeed, in the measured
angular distributions (Figs. 5 and 6), coinciding
with the disappearance of Si and Al in the spectra.
The shapes as well as the structures in the mea-
sured angular distributions are reproduced well by
the calculations.

The agreement of the calculations with the shapes
of the energy spectra is also generally good. Some
of the discrepancies, observed mainly for the re-
action °0 +'2C, may be attributed to the use of ap-
proximate energy scales for the display of the ex-
perimental results, and the poorer angular reso-
lution of the calculations (2° lab as compared with
0.3° in the experiment).

Due to the insufficient resolution of individual
products, it is difficult to test quantitatively the
agreement between the calculations and experi-
ment as to the relative yields of the heavy evapor-
ation residues. For the reaction %0 +!2C the yield
of Ne is underestimated (Fig. 4). This discre-
pancy may be explained in part by the neglect of
angular momentum effects in the calculations.
Comments on the importance of angular momen-
tum effects in low energy heavy-ion reactions can
be found, for example, in Refs. 8 and 9.

As mentioned above, the shapes of the energy
spectra in Fig. 4 indicate that the formation of *Ne
in the reaction 'O +2C proceeds predominantly via
the compound nucleus mechanism 2C(*°0,2a)*Ne.
Only small contributions (less than 1% of the fu-
sion cross section at 14 MeV c.m.) of the a-trans-
fer reaction 2C(*°*0,%°Ne)®Be are observed in the
form of small peaks in the energy spectra of Figs.
4(a) and 4(c). This reaction includes transitions to
%°Ne(g.s.,0*), *Ne(lst, 1.63 MeV, 2*), and *Ne
(2nd, 4.25 MeV, 4*). The same transitions have
been observed by Gutbrod'® at 65 MeV lab. Analy-
sis by Yoshida'! has shown that the data!® are in-
deed consistent with a direct a-transfer process.
It should be noted that the formation of other neon



13 NUCLEAR SIZE AND BOUNDARY EFFECTS ON THE FUSION... 1533

TABLE II. Fusion barrier parameters. The energy range of the measurements relative to
the barrier height is indicated. The quantity 7 is the barrier distance radius parameter de-
fined by 75=R,/(A{1/3+ A,1/3), and AE, is the percentage reduction of the barrier height relative
to 180+12C, Best reduced x? values are quoted (f=4).

Ey Fwy Ry 7 AE,
Reaction Energy range (MeV) (MeV) (fm) (fm) %) xX3/f
160+ 12¢ 0.88-1.76 7.94+0.15 2.91£0.36 7.23£0.24 1.50=0.05 0.58
o+12¢ 0.91-1.82 7.68+0.12 2.62+0.33 7.27£0.20 1.50+0.04 3.2+2.4 0.21
8o+ 12¢ 0.93-1.86 7.55+0.11 2.63+0.31 7.45%0.20 1.52£0.04 4.9+2.3 0.16

isotopes in the compound nucleus reaction '°0 +2C
is energetically excluded or highly unfavored from
phase-space considerations. The formation of neon
in the bombardments with "0 and !0 is explained
by the reactions 2C(*"0,2a)**Ne and '2C(*%0, 2c)
#2Ne.

Inspection of Table I reveals marked differences
between the three complete fusion excitation func-
tions. At 14 MeV c.m. the fusion cross sections of
the three reactions are essentially the same. How-
ever, at 7 MeV c.m. the fusion cross section of the
reaction %0 +2C is larger by a factor of 1.9+0.4
than that of the reaction *®*0+2C. The cross sec-
tions of the reaction "0 +'*C are intermediate.

A systematic analysis of the data has been per-
formed according to the strong absorption model,
using the formalism of Wong.'? This approach is
justified here since absorption leads predominant-
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FIG. 8. Measured (points) and calculated (curves)
complete fusion cross sections. (Some of the data points
are slightly shifted horizontally for the sake of clarity
of the figure).

ly to fusion.?*®*'® Therefore the characteristics of
the fusion barrier may be determined from simple
barrier penetrability considerations. According to
Wong'? the fusion cross section may be written as

o(E)=1r122 (21+1)P (I,E), 1)

where P(l,E) is the penetrability probability of the
partial wave . The sequence of barriers is ap-
proximated by parabolas with heights

E,=E,+i?1(1+1)/2pR}?, (2)

and with a constant curvature %#w,. In Eq. (2) the
quantity E, is the height of the s-wave barrier and
R, is the distance between the centers of the two
interacting nuclei at the barrier. With these ap-
proximations the penetrability is given by the Hill-
Wheeler formula'*

P(l,E)={1+exp[2n(E, - E)/fw,]}*. (3)

The barrier characteristics which have been ob-
tained by three-parameter least y? fits'® to the data
are listed in Table II. The errors associated with
the parameters pertain to the goodness of fit and
include the effect of the experimental errors. The
corresponding calculated excitation functions are
compared with experimental cross sections in Fig.
8. Itcan be seen in Table I that the curvatures of
the three barriers are very close to one another,
The distances R, follow essentially the A,}/3+A,!/3
law. A systematic decrease in the barrier height
with increasing R, is clearly observed. The first
two features are different from those observed by
Scobel et al.'® for the systems 3°Cl with Ni isotopes.

While the absolute values of the parameters ex-
tracted in the analysis may certainly be model de-
pendent, it is apparent that the trends observed in
Table II may be closely related to the geometrical
properties of the projectiles. An estimate of the
sensitivity of the barrier height to a change in the
nuclear radius can be made if the Coulomb poten-
tial and the nuclear potential are treated separate-
ly. For each of the nuclei involved the barrier is
far outside of the rms radius of the charge distri-
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bution.!” The Coulomb potential at the barrier re-
gion is expected, therefore, to be very similar for
the three systems, and may be well approximated
by the 1/7 law. For a square-well nuclear poten-
tial with a range proportional to A,*/3+A,'/3, a 2%
reduction in the barrier height of 80 + 2C relative
to the barrier height of 10 +!2C is expected. This
reduction is somewhat smaller than the observed
reduction (4.9+2.3)%. However, the effect of the
finite nuclear diffuseness cannot be neglected. Ac-
cording to the parameters of Table II, the size of
the nuclear potential at the barrier amounts to ap-
proximately 20% of the barrier height. It is there-
fore evident that even a small change in the bound-
ary diffuseness may affect the height of the fusion
barrier. The results obtained in the present analy-
sis appear to be consistent with a gradual increase
in the surface diffuseness from !®0 to '®0. This
conclusion is in agreement with the observations of
Goldring et al.'® of the elastic scattering of *°O,
170, and '%0 by '2C. Their phenomenological anal-
ysis has shown a systematic increase in the dif-
fuseness with increasing neutron number.

V. SUMMARY AND CONCLUSIONS

The main emphasis of the present investigation
centered on the experimental determination of the
fusion cross sections and the recoil properties of
the heavy residual nuclei formed in the bombard-
ments of '2C with °0, "0, and '®0 beams. It has
been shown that the formation of Ne, Na, Mg, Al,
and Si isotopes is associated mainly with a statis-
tical decay of an excited silicon composite system,
formed in the fusion of projectile and target. Only
a small contribution to the yield of *Ne in the re-
action '®0+%C is made by a direct process, the
a-transfer reaction *C(*°0,*’Ne)®Be. The differ-
ential yields of the heavy residual nuclei, as well
as their energy spectra, have been reproduced
rather well by the calculations. It may be conclud-
ed therefore that the assumption of the isotropic
evaporation of light particles in the center-of-mass
frame is adequate in reproducing recoil properties
of heavy residual nuclei in the laboratory frame at

low bombarding energies.

It is of interest to note that similar investigations
of recoil properties of heavy residual nuclei may
be of importance not only in compound nucleus re-
actions but also in other reactions in which highly
excited nuclei are formed. In particular, the ef-
fects of decay via particle emission on the final
mass, energy, and angular distributions of pro-
ducts must be taken into account. Reactions in
which highly excited nuclei are formed include
heavy-ion deep inelastic collisions which are pres-
ently under intensive investigations at many labo-
ratories.'®

The complete-fusion cross sections of the sys-
tems oxygen with carbon are seen to differ consid-
erably for the three reactions at low bombarding
energies. It has been shown that these differences
are closely related to the differences in the nu-
clear size and surface diffuseness of the oxygen
isotopes. The effect of a larger nuclear size and/
or larger diffuseness is to lower the height of the
fusion barrier, if the Coulomb potential is held
constant. A relatively strong dependence of the
fusion barrier on the spatial distributions of the
interacting nuclei is believed to be a typical fea-
ture of low energy heavy-ion reactions. Low ener-
gy heavy-ion fusion reactions may provide, there-
fore, an additional useful tool to probe the nuclear
surface.

In view of the significant increase of the fusion
cross section ratios o(*"**0 +!2C)/0(*°0 +!2C) with
decreasing beam energy, it would be of interest to
study the reactions "0 +2C and 80 +!2C at very
low energies, in order to check their possible role
in astrophysical processes. The reaction '°0 +2C
has already been shown to be of importance at cer-
tain stages of nuclear burning in stars.??° Neu-
trons and 28Si are prominent primary decay pro-
ducts of the reactions "0 +!2C and '®0+'2C. This
is not true for the reaction **0 +*2C. Thus, very
large cross sections for the former two reactions
relative tothose of the reaction *°0 +'2C may com-
pensate somewhat for the low abundances of O and
180 at the stage of oxygen-carbon burning.

*Present address: Nuclear Structure Laboratory, Uni-
versity of Rochester, Rochester, New York.
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