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Excitation functions for the yields of all the residual nuclei from the 28Si+2%%Si and *°Si + *°Si re-
actions have been measured via the gamma-ray technique for center of mass energies in the region
within one and two times the Coulomb barrier, using steps of 500 keV in the laboratory system.
Thirteen nuclides were identified for the first reaction and ten for the other two. While no structure
is shown by the data for the 2%Si+2%Si reaction, we have found evidence for intermediate width
structure in the 2a and apn channels in 2Si+3°Si, and for broad structure in the total fusion cross
section for *°Si43%Si. Calculations using a barrier penetration model with one free parameter repro-
duce the average behavior of the fusion cross sections quite well.

I. INTRODUCTION

The fusion of heavy ions, a phenomenon in which the
nucleons of the reacting nuclei drastically rearrange to
form a compound nucleus, has captured the interest of
many nuclear physicists over a number of years. There
are several features of fusion which are not yet well
described by the models available. These include the ob-
servations of subbarrier fusion,!~* the systematic
behavior>® of the excitation functions for some light sys-
tems such as B + '°0O and '>C + !N, and the oscilla-
tions observed in the excitation functions for several
fusion reactions.”~°

Considerable experimental'®~!7 and theoretical'®~2! ef-
fort has been dedicated to studying this last phenomenon,
but no coherent explanation of the observations for the
different systems has been given, and more work is clearly
needed in order to fully understand the underlying phys-
ics. In particular, very little experimental work has been
done along these lines for systems involving nuclei with
A>50. A search for possible structure in the fusion of
three systems in this not-well-studied mass region was the
motivation for this work.

We present here data for the fusion of 2Si + 2%3Si and
398i + 39Si, measured with relatively small energy steps
(500 keV in the laboratory system), at center of mass ener-
gies in the region between one and two times the Coulomb
barrier. We used the gamma-ray technique, which allows
high accuracy in the measurement of relative cross sec-
tions and is therefore particularly appropriate for our pur-
poses. In addition, the technique allows one to clearly
identify individual evaporation channels so that a struc-
ture which appears preferentially in only one or a few of
these channels is more easily detected with this method.

Special interest is attached to the 28Si + 2Si system on
the basis of existing evidence. The observations on many
systems seem to indicate a general trend to favor fusion
oscillations in reactions where target and projectile are
identical alpha-particle nuclei. In addition, for energies
above twice the Coulomb barrier the elastic and inelastic
scattering of 2%Si 4 2%Si have revealed striking resonance
behavior.?2~26 The suggestion of surface-transparent op-
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tical potentials as a possible explanation for the observed
gross structure?? increases the expectation that oscillations
may also appear in the fusion cross sections. Finally, a
research for structure in the fusion of this system has been
carried out?’ but no conclusive results were achieved. We
used smaller energy steps and covered a wider energy
range than those of the related experiment of Ref. 27.

Additional interest in studying the fusion of Si+ Si
systems comes from the fact that the ground-state shapes
are rather different for 2%Si and 3°Si, being strongly oblate
for the first and moderately prolate deformed for the last
one. There would be some interest in investigating possi-
ble effects of this deformation. Other studies of fusion of
288i +3%Si and 3°Si + %°Si have been recently report-
ed,?®~% but in none of them has the excitation function
been measured with sufficient detail as to produce very
conclusive statements about the presence or absence of os-
cillations.

In the next section we describe the experimental method
used in this work. The corresponding results and related
discussion for each system are presented in Sec. III, while
Sec. IV is dedicated to a comparison with model calcula-
tions. Finally, a summary and the conclusions of this
work are presented in Sec. V.

II. EXPERIMENTAL TECHNIQUE
AND DATA ANALYSIS

The targets, made by vacuum evaporation of enriched
28Si (99.9%, 35 pg/cm) and *°Si (95.2%, 24 pg/cm), were
deposited onto a thick Au backing and then covered with
a thin Au layer to retard oxidation. Beams of 2%Si and
and °Si with typical intensities on target of 2 to 3
particle-nanoamps were obtained with the three-stage Van
de Graaff facility at the University of Notre Dame. A
Ge(Li) detector at 125° to the beam was used in the three
experiments to determine the total yields of gamma rays,
and another one at 90° was used in the case of
28,308j + 39Si for comparison purposes. In order to have a
better understanding of our spectra, an investigation of
Doppler shift effects was done for 28Si + 28Si by placing
the detector at the symmetric angle 55° and recording
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TABLE 1. Experiments performed to determine the absolute normalization for *Si + 2%Si, based on
the cross section values (Ref. 31) measured by Kolata et al. for '°0O + 12C.

y-ray lines analyzed (keV)
and expected result

Projectile E.. (MeV) Target of the analysis
150 19.3,22.7,24.9 2c 1634(**Ne)
target thickness
28gj 21,24,27 2c 3162(*C1)
O for 28i+ 12C
2C 21,24,27 %si 3162(3Cl)
target thickness
285 35 288 1021(*V) and 1251(°*Mn + *'Mn)

Oas for 2Si + 28

spectra for five different bombarding energies. The abso-
lute peak efficiencies of the detectors were obtained by us-
ing calibration gamma-ray sources (Amersham gamma-
ray reference source set No. QCR.1) of 3""%°Co, 8y, 37Cs,
and !**Ba, placed at the position of the target. A noncali-
brated source of *%Co was also used to improve the rela-
tive calibration. The dynamic range of the detectors was
100—2700 keV for the 28Si + 2%Si experiment and approxi-
mately 100—4500 keV for the other two reactions.
Observed deviations in the collected charge, amounting
to less than 2%, were corrected for by a relative normali-
zation procedure assuming a smooth energy behavior of
the Coulex of gamma-ray lines from the Au backing. The
absolute normalization factors were obtained by using ap-
propriate combinations of targets and projectiles to scale
the relevant cross sections to those measured®' for the
1634 keV line (**Ne) from '°0 + 2C. The method is il-
lustrated in Table I, where the reactions involved in the
absolute normalization of 2%Si + 2%Si are summarized.
Charge collection errors will approximately cancel in this
method due to their expected bias toward positive values
and to the fact that only ratios of charges appear in the
scaling formula. Results consistent with these expecta-
tions were obtained when calculated Coulex yields were
used instead of the integrated charge to compute® the
number of projectiles relevant to the absolute normaliza-
tion of the 2®Si + 28Si reaction. This gave a normalization
factor differing from the previous one by less than 2%.
Identification of the gamma-ray lines was accomplished
by matching observed and reported gamma-ray energies,
checking consistency with published branching ratios
whenever relevant.>?> Beam-off spectra were also recorded,
providing a cross check for the identification through the
known beta-decay schemes. In addition, in each case a
comparison of excitation functions was done for several
lines assigned to the same residue, as a final test of con-
sistency in the identification. Finally, a gamma-gamma
coincidence experiment at 75 MeV beam energy was per-
formed for 3°Si + 3%Si to verify the reliability of the pro-
cedure. A total of 22.5 10° events were recorded on tape
for this experiment, with a time resolution of 100 ns. The
corresponding results will be discussed below in Sec. III.
The production cross sections for the reaction residues
were determined from gamma-ray yields corresponding to

the respective ground state transitions (or approximations
to them), as indicated in Table I1.

It was impossible to completely eliminate oxygen con-
tamination of our targets and it was thus necessary to
measure the reactions 23Si + %0 and °Si + 90, at the
same energies as in the original experiments, in order to
correct the data. The lines at 756 keV (**K + °Ar) in the
first reaction, and at 1704 keV (*Sc) in the second one,

TABLE II. Identified residues and gamma-ray lines used to
obtain the corresponding excitation functions.

Residue Lines used (keV) Notes
4Ti 888¢ (a)
41y 1148 (a)
8y 427,626° (a)
“Cr 751 (a)
oy 1021 (a),(b,g)
“Cr 271,1084¢ (a),(b,g,h)
Cr 782 (a,d),(b,d,g),(c,g)
sicr 1163,1480 (a),(b,g),(c,e,g)
2Cr 1434 (b,i),(c,g)
SIMn 2371,1139° (a)
2Mn 870,2286° (b,g)
3Mn 1440 (a),(b,g),(c,g)
Mn 213 (b),(c,g)
3Fe 700f (a)
S4Fe 1409¢ (a),(b,0),(c,g)
SFe 1317 (b,e),(c,e,8)
6Fe 846 (c)
STFe 870,992,1061 (c)
Co 1223,1690 (c,e)

2Analyzed in 2Si + 28Si.

Analyzed in 28Si + 3°Si.

“Analyzed in ¥Si + °Si.

9A contribution from O contamination was subtracted.

“This determination involves reported branching ratios.

fA correction for activity from a long-lived state was made.

A contribution from 2%Si contaminant was subtracted.

"The yield in the 271 keV line was estimated from the sum of
the yields in the lines at 812 and 1289 keV, corrected for O con-
tamination.

The 1163 keV line was used instead of the one at 1434 keV.
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were used to scale the corresponding excitation functions
to those in the contaminated Si targets. Estimations for
activity contamination were also made whenever pertinent
and in some cases corresponding corrections were applied
(see Table II). Further details of the experimental pro-
cedure have been extensively described in Ref. 32.

III. RESULTS AND DISCUSSION
A. 8i 4 288i system

Thirteen residual nuclei were identified in this work as
resulting from the 2%Si + 2Si reaction. This corresponds
to more than double the number of evaporation channels
reported by Medsker et al.** for the same reaction, and to
five additional residues as compared to the more complete
work by DiCenzo et al.,?” who did not identify any of the
four-particle [*Ti(2a2p) and “Cr(a2pn)] or five-particle
[*V(a2p2n) and *'Cr(4pn)] channels.

The excitation functions corresponding to the eight
more prominent residues are presented in Fig. 1. Except
for 3*Fe, the yields of all the remaining channels are still
rising at the highest energies we measured, with approxi-
mate maxima of 70, 65, 47, and 18 mb for ¥V, 5!Cr, v,
and *8Cr, respectively. The yield of **Fe peaks near 70
MeV in the laboratory system, with a maximum of ap-
proximately 30 mb.

The overall shapes of the excitation functions obtained
by DiCenzo et al.?’ are generally in good agreement with
ours in the region of common energies. Large discrepan-
cies exist in the corresponding absolute values, however,
which can probably be traced back to the fact that no
correction was made for oxygen contamination in Ref. 27
(although gamma-ray lines from that source are apparent
in the spectrum they present), and that their normaliza-
tion procedure was sensitive to the missing flux corre-
sponding to nonidentified channels. According to our re-
sults, these channels make a contribution of about 120 mb
to the total cross section at the energy they picked to nor-
malize (80 MeV).

A more sensitive test is to compare our total cross sec-
tions to the results they obtained by particle detection
techniques, which presumably give more reliable absolute
values. This is done in Fig. 2, which also shows the data
of Gary and Volant?® obtained in another particle detec-
tion experiment. Except for the highest energy point, the
agreement with the data from Ref. 27 is excellent. A ten-
dency of the gamma-ray data to underestimate the total
cross sections at high energies has been observed in other
work (see, for example, Figs. 22 and 25 in Ref. 35). The
possible explanation in terms of unidentified channels
does not seem probable in our case since great care was
taken in the identification. More plausible is the fact that
many channels might be opening in this high energy re-
gion which populate mainly ground states of new residues
and are thus undetectable by our technique.

The comparison with the data of Gary and Volant, on
the other hand, shows a discrepancy of about 15% over
most of the range of common energies which includes the
lowest energy point of Ref. 27. These authors have also
reported, for a few energies, a separation of residues in
groups of masses corresponding to (0a+x nucleons),

(la+y nucleons), and (2a+z nucleons). The comparison
with these more detailed data, presented in Fig. 3, shows
fairly good agreement in the overall distributions. This
indicates that the above-mentioned discrepancy in the ab-
solute cross sections is most probably due to a problem of
absolute normalization.

Finally, we note that none of the excitation functions in
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FIG. 1. Excitation functions for the eight more prominent
evaporation channels from the *Si + 28Si reaction.
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FIG. 2. Total cross sections obtained in this work for the
fusion of 28Si + 28Si (+ ). Also shown are the results of Refs.
27 (@) and 28 (M).

our experiment shows a behavior that could be considered
as a nonstatistical oscillation. In particular, the possible
structures in the °Cr excitation function at 92 and 97
MeV reported by DiCenzo et al. are not seen in our data,
in spite of the smaller energy steps. These authors found
indications of correlated structures at these two energies
for the transitions at 610, 783, 1098, and 1283 keV in
Cr. The possible presence of **Mn in the reaction’>**
would offer an explanation for this since the last three
lines are present in the decay of **Mn. The energies at
which a “structure” originating in the decay is observed
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FIG. 3. Residue distributions in 2*Si 4+ 28Si according to the
number of a particles evaporated from the compound nucleus.
Our results are compared with those of Ref. 28.
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would then depend on the detailed history of the experi-
ment, which in turn would explain why we did not see
such structure. Alternatively, the observed results could
be the effect of purely random fluctuations, as the same
authors have pointed out.

B. 288i + ¥Si system

The excitation functions for eight of the more prom-
inent evaporation channels from the 2Si + 3°Si reaction
are presented in Fig. 4. As to the other two identified
channels, the yield of the 2an channel (*°Cr) is essentially
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FIG. 4. Excitation functions for the eight more prominent
evaporation channels from the 2Si + 3°Sj reaction.
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zero up to 80 MeV, where it begins to rise rapidly and at-
tains a maximum of ~120 mb at the higher energies.
The yield for *’Cr, on the other hand, shows a maximum
of ~60 mb at 90 MeV.

An apparent structure having a peak-to-valley ratio of
more than 15% is suggested in this figure for the 2a
(5*Mn) and the apn (°°Cr) channels, both of which show a
sharp peak at 83.5 MeV. To further investigate this possi-
bility, a correlation analysis was made for the lines at 783,
1098, and 1283 keV in *°Cr and those at 870 and 930 keV
in 52Mn, the more statistically significant lines from these
nuclides.

The cross correlation function, defined by?’

2 N Di(E)D;(E)
C(E)=—"—"7— YT
N(N—1), %, vi(EW;(E)
where
Di(E)= oi(E)—{0(E))
i - (UAE))
and

yHE)=(DXE)) ,

was calculated for the five excitation functions using an
averaging interval of 11 points, centered at the energy of
interest. The corresponding results, presented in Fig. §,
show an actual correlation at E=83.5 MeV, where the
respective value differs from zero by more than four stan-
dard deviations. Other possible (weaker) correlated struc-
ture becomes evident in Fig. 5 at 89, 90.5, and 92 MeV,
but the cross correlation function differs from zero by
only a little more than two standard deviations at these
energies. It would be highly desirable to have more points
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FIG. 5. Cross correlation function for the yields of the lines
at 870 and 930 keV in *Mn and the lines at 783, 1098, and 1283
keV in %°Cr, as measured in the 25Si + 3°Si experiment.
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FIG. 6. Total cross sections obtained in this work for the
fusion of 28Si + 3°Si (+ ). Also shown are the results of Ref. 28
().

in this energy region, with better statistics, in order to cor-
roborate the presence of this seemingly rich structure,
which on the other hand appears to be preserved in the ex-
citation function for the total cross section presented in
Fig. 6.

No data for individual excitation functions have been
previously published for this system, but total cross sec-
tions have been recently reported in two works.?®2° In
Fig. 6 we compare the total cross sections obtained in this
work with those measured by Gary and Volant®® using
particle detection techniques. The agreement is excellent
over most of the energy range, but the two sets of data
start to diverge from each other at the lowest energies.
Since we have only a very small error in our relative nor-
malization (less than 2%), two possibilities arise: either
there is a relative normalization problem in Ref. 28 (the
authors do mention the possibility of having big errors at
low energies), or more residues are being populated direct-
ly in their ground states at these energies and are conse-
quently being missed in our work.

A direct comparison with the data of Ref. 29 (obtained
with gamma-ray techniques) would be difficult to make
because of the way they present the data. Although the
authors claim to have good agreement with the data from
Gary and Volant, their reported errors bars of more than
20% would make it impossible to resolve the discrepancy
with our data in the low energy region.

C. 30sj 4+ 308j system

The identification procedure followed in this work was
proved to be reliable with the help of the gamma-gamma
coincidence experiment performed on the *°Si + *Si sys-
tem. The information contained in all the coincidence
spectra analyzed (gates were set’? on more than 40 lines,
covering all the observed residues) was found to be con-
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sistent with the corresponding level schemes published in
the literature.>> Only the two lines at 329 and 2289 keV,
which are assigned to *’Co in this experiment, had not
been to our knowledge previously reported. Our data
strongly suggest that both these transitions feed the state
at 2524 keV, which would mean that two nonreported
states exist in 'Co, at energies of 2847 and 4813 keV,
respectively. A state at 4805 keV, which could coincide
with the one suggested at 4813 keV, has been reported in
Ref. 36. A more detailed experiment is needed to corro-
borate this hypothesis.

Excitation functions for ten residues from the
30gi + 39S reaction were obtained, from which the seven
more prominent ones are presented in Fig. 7. Of the
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FIG. 7. Excitation functions for the seven more prominent
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remaining three evaporation channels, *°Cr and *2Cr show
similar behavior in that their yields increase with increas-
ing energy in all the measured range, with maxima of 17
and 34 mb, respectively. The yield for °Fe, on the other
hand, displays a maximum of ~28 mb at 78 MeV bom-
barding energy.

No obvious structure is shown by the data for the indi-
vidual evaporation channels in the energy range studied.
However, when the yields are summed to obtain the total
cross section (Fig. 8), a broad structure becomes apparent
in the region above 36 MeV c.m. energy, giving a fluctua-
tion of about 10% with respect to the average behavior.
This structure is reminiscent of that observed by Kolata
et al.’’ for 0 + %0 which could be qualitatively ex-
plained in terms of shape resonances in the optical poten-
tial.

Total fusion cross sections for °Si + °Si have been re-
cently reported”3° and the corresponding data are also
presented in Fig. 8 for comparison. Even though no
structure is apparent in these data, the agreement with our
results is very good and certainly no inconsistency exists
between the two data sets if the reported errors are taken
into account.

IV. COMPARISON WITH MODEL CALCULATIONS

The barrier penetration model provides a suitable
framework to analyze total fusion cross sections in the
range of energies we studied. In this model, based on the
assumption of friction-free passage over or through the

one-dimensional barrier, the fusion cross section is given
by

Ore=mR S (20 +1)T; .
1=0
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Following Vaz and co-workers,""?*%° the transmission

coefficients are calculated by approximating the barrier
with an inverted parabola and using the formula of Hill
and Wheeler®

-1

T(E)= |1+4exp

’

21
%[V,(RI)—-E]

where R; and #iw; are the radius and the curvature of the
barrier, respectively.

The nucleus-nucleus potential is written as the sum of
the Coulomb potential of a point charge and spherical
charge distribution, plus the nuclear proximity potential
of Blocki et al.*! The equivalent sharp surface radii used
in this last potential are modified by an additive parame-
ter AR, which is varied until the best visual match is
achieved with the measured fusion cross sections in the
range 100 <o <500 mb. With this procedure, Vaz et al.!
were able to obtain barrier parameters which are almost
independent of the assumed Coulomb and nuclear poten-
tials.

The total effective potential used for 28Si + 28Si is
shown in the upper left corner of Fig. 9 for the angular
momenta /=0 and [/=32. A value of 0.15 fm for AR has
been used here based on the comparison with experimental
results to be discussed below. The corresponding barrier
parameters are plotted in the lower part of the figure for
the whole range of angular momenta relevant in our ex-
periment. This range is determined in the upper right
part of the figure, which shows the transmission coeffi-
cients obtained in this model for the maximum experi-
mental energy we used. The fact that a pocket is still
shown by the effective potential for /=32 verifies that the
conditions necessary for the applicability of the barrier
penetration model are still satisfied by our experimental
systems.
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FIG. 9. Ingredients in the barrier penetration model for the
283i 4 28Sj system. A further description is given in the text.
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FIG. 10. Comparison of experimental fusion cross sections
with predictions of the barrier penetration model (dashed line).
(a) 2*Si + 288i, (b) 28Si + *°Si, (c) *°Si + *°Si.

The general trend of our data is well reproduced by the
model predictions, as shown in Fig. 10. The small devia-
tions apparent for 28Si + 28Si below 44 MeV are probably
due to complexities in the low energy fusion mechanism
not accounted for in this model.! Above this energy, there
seems to be a yield undetectable by our technique, as was
commented on earlier. In the case of the 2%Si + 3°Si and
398i + 30Si systems, the deviations from the smooth curve
provided by the model are associated with the structure
previously discussed.

The corresponding barrier parameters are shown in
Table III along with a comparison with the systematics of
Vaz et al.,' who analyzed 87 reactions and obtained
empirical expressions for the reduced parameters

ree=ZrZpe/Vy(A1>+ A1)
and
rof=Ro/(A}34+4}7) .
We see from the sixth and seventh columns in Table III

that the barrier parameters obtained in this work follow
the systematic trends quite well.
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TABLE III. Empirical parameters (defined in the text) obtained from our data using the barrier
penetration model. (The corresponding calculated curves are shown in Fig. 10.)

System AR (fm) Ry (fm) Vo (MeV) fiwy, (MeV) Ter /e ros/Tor
85i + 8si 0.15 8.94 28.89 3.42 0.99 0.99
85 + 9si 0.08 8.86 29.13 3.39 0.98 0.97
308i + 308§ 0.11 9.06 28.54 3.26 0.98 0.97

A comparison with barrier parameters reported in other
work is shown in Table IV. In Refs. 27 and 28, a fitting
of the classical formula to the data was made in order to
extract the barrier parameters. Reference 5 gives theoreti-
cal values calculated from a modified proximity potential
and the Coulomb potential of Bondorf et al.,*’ without
any fit to fusion data. References 1 and 29 both follow
essentially the same procedure that we did and therefore
the comparison with their values does actually test the
overall equivalence of the experimental data. The good
agreement between our parameters and those associated
with these references in the table is consistent with the
more direct comparisons discussed in Sec. III.

V. SUMMARY AND CONCLUSIONS

The fusion of the three systems 23Si+ 2%3%Si and
39Si + 30Si has been studied in this work via the gamma-
ray technique. Careful classification of all the observed
gamma-ray lines led to the positive identification of all
the relevant evaporation channels for each reaction. With
the help of gamma-gamma coincidence measurements,
two new transitions were discovered in >’Co.

Yields for 13 residues from the 2%Si + 28Si reaction were
obtained in this work, five of which had not been mea-
sured before. Excitation functions for ten evaporation
channels observed from each of the other two reactions
are reported for the first time.

The possibility of oscillations suggested for the 2%Si
+ 28Si system by the results of previous observations??
was ruled out here, as no structure that could be resolved
within the 3% error bars was observed in our work. A

possible delayed decay was suggested to account for the
different observations. This lack of structure is signifi-
cant in view of the work of Saini and Betts,%® who observe
a series of broad structures (' ;, =1—2 MeV) in the elas-
tic and inelastic scattering channels of 28Si + 23Si at ener-
gies (E_,, =52—62 MeV) which are just above those in-
vestigated in the present experiment. Each of these broad
structures was fragmented into a number of much nar-
rower resonances (I'; ,, =100—300 keV). They interpret
these observations as being qualitatively consistent with
the picture of broad structures, arising from a series of
shape resonances in the entrance channel, which are frag-
mented by mixing with states of a more complex nature.
In the %0 + !0 system, where a similar situation occurs,
the anomalies in the elastic and inelastic channels are ac-
companied by broad resonances in the total fusion cross
section.’” While our experimental energy resolution in the
present work is insufficient to resolve the narrow reso-
nances observed by Saini and Betts, we would expect to
have been able to see the underlying broad shape reso-
nances clearly if they appeared in the total fusion yield,
and in fact we did observe broad oscillations in the
288i + 39Si and 3°Si + *Si fusion cross sections. The ab-
sence of structure for 2Si + 2Si is therefore quite surpris-
ing.

In the case of the 23Si+ 30Si reaction, a correlated
structure at 83.5 MeV, having a peak-to-valley ratio of
more than 15% and a width of about 1 MeV, was ob-
served for the 2a and apn channels. Evidence for more
structure (weaker) of about the same width was also found
for the same channels in the region above this energy.

No obvious structure appeared in the yields for indi-

TABLE IV. Comparison with barrier parameters obtained in other works.

85 + 8si 288 + 0gj 9gi + 308j

Ry (fm) Vo (MeV) Ref. Ry (fm) Vo (MeV) Ref. R, (fm) Vo (MeV) Ref.
8.94 28.89 a 8.86 29.13 a 9.06 28.54 a
9.08 29.6 b 8.82 29.27 f 9.02 28.68 f
8.25 28.95 c 8.47 28.28 c
8.63 29.83 d 8.75 29.38 d
9.06 28.67 e,b,g

*This work.

"Reference 27.

‘Reference 28.

dReference 5.

“Reference 1.

fReference 29.

gDetermined in Ref. 1 with data from Ref. 28.
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vidual residues from the 3°Si + 3°Si reaction, but a broad
oscillation was observed in the total fusion cross section
extending from about 36 to 42.5 MeV c.m. energy, giving
a fluctuation of about 10% with respect to the average
behavior. This reminds one of the similar structure ob-
served in lighter identical-particle systems, which could
share a common origin.

Comparison with total cross sections measured in other
work generally showed good agreement except for the case
of 28Si + 28Si, where a discrepancy already existed be-
tween the results of two published works. The agreement
of our data with one of these works thus contributes to
the solution of the existing ambiguity.

The general trends of our data are well described by the
predictions of a simple barrier penetration model in which
the barrier in the Coulomb plus proximity potential is ap-
proximated with an inverted parabola. By varying only
one parameter in this potential, empirical barrier parame-
ters are extracted which follow very well the systematic

trends obtained from a large number of other reactions.

In summary, our results seem to indicate that the ob-
served tendency for preferential structure in the fusion of
identical nuclei is not valid for Si + Si systems. Further
experimental work suggested by this study would include
a more detailed investigation of 2%Si + 3°Si in the region
between 40 and 50 MeV c.m. energy, where a rich struc-
ture is apparent in our data. It would be also very in-
teresting to extend our measurements on °Si 4 *°Si to
higher energies, where additional oscillatory behavior
might be expected from our results, and to carry out simi-
lar measurements on the 3Si + ?8Si system over the ener-
gy range investigated by Saini and Betts, to see if the ex-
pected broad oscillations suddenly appear at E ., =52
MeV and above.
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