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A recent statistical-model analysis of La Rana et aI. has indicated an extremely large deforma-
tion in the decay of the compound nucleus Ni*, formed in the reaction Si+' Si at E],b=120
MeV. We believe that their calculations do not support the reported magnitude of reduction in the
evaporation Coulomb barrier of the emitting system. By means of a statistical-model calculation,
we show that most of the features of their data can be reproduced, assuming spherically symmetric
parameters.

La Rana et al. ' have recently reported on a study of
energy and angular distributions of evaporative He emis-
sion in the reaction Si+ Si at 120 MeV. The com-
pound nucleus Ni' was produced at an excitation ener-

gy of 75 MeV. The reported alpha-particle energy spec-
tra were measured, in the singles mode, at the laboratory
angles of 35, 45, 55, 75', 120', and 150. The measured
spectra were compared to the predictions of statistical-
model calculations assuming emission from spherical nu-
clei. Large discrepancies were found between the experi-
mental and calculated spectra. A good description was
obtained by reducing both the emission barrier and the
entrance channel spin. Such modifications, incorporated
in a simulation code, suggested emission from an oblate
shape with an axis ratio of =3:1.

Excitation functions of evaporation residues and de-
duced n, p, and a multiplicities, for the same reaction,
have been measured by Bozek et al. in the excitation en-
ergy range of 42.3—63.1 MeV in Ni . Comparison of
their data with statistical-model calculations and stan-
dard parameters shows that the model does account for
the general features of their data. The critical angular
momentum for fusion at the highest bombarding energy
was estimated from the measured fusion cross section as
Lf„,=336. One could expect some angular-mornentum-
induced effect at the higher bombarding energy of La
Rana et al. However, Lf„, at their bombarding energy' is
limited to =34A'. This limitation has been observed in
the fusion data of Dumont et al. , which concern the

Si+ Si reaction in the bombarding energy range of
55 —126 MeV. Therefore, it is surprising that the
statistical-model description of the effect claimed by La
Rana et al. (and attributed to angular-momentum-
induced deformations) requires the reported drastic

modifications.
We proceed with the description of our calculations,

justifying the parameters used. The statistical-model cal-
culations were performed with a modified version of the
code PACE. ' Our version involves a reconsideration of
the treatment of optical-model transmission coeScients
( T, ) for charged-particle emission by the old code. This
was dictated by cases, like this one, where conclusions
have to be drawn from the behavior of data below the
evaporation Coulomb barrier. Instead of the previously
used extrapolation procedure, complete optical-model
calculations were performed for proton and alpha emis-
sion. Calculations were performed for isotopes in a
20X10 (N, Z) grid, chosen to include the range of iso-
topes considered in the statistical-model calculation.
They were performed in the energy ranges of 2—32 MeV
for protons and 3—33 MeV for alpha particles in steps of
1 MeV. Such sets of TI for each energy and type of emit-
ted particle were stored in computer files to be read by
PACE. Transmission coefticients for nonintegral energy
values were calculated internally from the input integral
values by a logarithmic interpolation. For neutrons, the
internal calculation employed by PACE was retained. In
the optical-model calculations, we used the parameters of
Wilmore and Hodgson for neutrons, Percy and Percy
for protons, and Huizenga and Igo for alpha particles.

Since the entrance channel consists of two identical
spin-zero bosons, symmetrization makes all odd partial
waves vanish from the scattering amplitudes. The com-
pound nucleus angular momentum distribution is then
given by

oL =mA (2L+1)[1+(—1) ]

X I 1 +exp[(L —Lt„,) /b, ] I
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L&„, was determined by the requirement that go I repro-
duces the fusion cross section o.z„, with an assumed
diffuseness parameter A=2%. o.

&„, was taken from Ref. 3,
the implied L&„, being =34k.

The code assumed Fermi gas level density expressions
with a parameter a = A /7. 0, and yrast lines from the ro-
tating diffuse liquid drop model calculation with finite
range corrections of Sierk.

The El y-ray emission strength function included the
giant dipole resonance with shape and position taken
from systematics' '" and strength determined by the
classical energy weighted sum rule. ' Statistical E1 and
M1 transitions as well as collective stretched E2 transi-
tions for E ~2 MeV were included with strengths of
B(E2)=5.5 W.u. , B(M1)=0.028 W.u. , B( E2)„s= 50
W.u. and B (M2) =0.0195 W.u. The fission competition
was also considered.

The validity of our parameters was tested by compar-
ing the predictions of the code with low-energy and angu-
lar momentum charged-particle decay data' for Ni .
A good description of the measured sub-barrier alpha
spectra and angular distributions was obtained.

In Fig. 1, we compare the result of our calculation for
the alpha spectra, from the deexcitation of Ni' (75
MeV), with the corresponding data, reproduced from
Ref. 1. The calculated relative spectra were normalized
to the measured spectrum at 55 in the laboratory system.
In general, we obtain a good description of the peak posi-
tions and the slopes of the high-energy tails. There are
only small discrepancies in the sub-barrier region of the
forward spectra which become more apparent at 35 . A
second calculation with the optical-model parameters of
McFadden and Satchler' for alpha particles produced a
result similar to that of Fig. 1, as far as the shapes of the
spectra are concerned.

%'e see from Fig. 1 that the strong deviations claimed
by the spherically symmetric calculation of La Rana
et al. are not observed. In fact, our agreement with the
data is very close to their final calculation which fits the
spectra. In connection with their proposed modi6ca-
tions, in the spherical calculation, we point out the fol-
lowing:

(1) Their reduction of Lr„, from 38k' to 26A' is unrealis-
tic, since it cannot be supported by published fusion
data. As shown below, a decrease in L&„, shifts the peak
position of the spectra to lower energies. However, Lz„,
cannot be treated as a free parameter.

(2) A reduction of the evaporation barrier is not the
only enhancement mechanism of the calculated sub-
barrier alpha yields. In this mass region, an equally im-
portant role is played by the shapes of the yrast lines.
Shifts of the odd- A yrast lines relative to the even- A
ones, not included in the structureless liquid drop calcu-
lation, also lead to sub-barrier alpha emission enhance-
ments.
The effect of the above two factors is shown in Fig. 2,
where different calculated alpha spectra at 55 are plotted
in absolute units. The solid line represents the calculated
spectrum of Fig. 1. The dashed line shows the result
from a similar calculation where L&„, was increased from
346 to 38%. The peak position is now shifted to a higher
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FIG. 2. Calculated alpha-particle spectra at 55' in the labora-
tory system, corresponding to the parameters discussed in the
text.

FIG. 1. Laboratory alpha-particle spectra from the deexcita-
tion of Ni* (Ref. 1). The solid line describes the result of a
statistical-model calculation for spherical nuclei.
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energy and the spectrum has become harder. The dotted
line corresponds to a calculation with I.f„,=34fi and
yrast lines from the combinatorial calculation of Hillman
and Grover. ' This spectrum shows an excess of sub-
barrier alphas. It actually overshoots the experimental
data at this as well as at the smaller laboratory angles.

Due to our insufBcient knowledge of the yrast lines in
this mass region, it seems dificult to favor one set over
the other. A situation between the two yrast line selec-
tions seems to be able to account for the small sub-barrier
discrepancies of Fig. 1. In such a case, a complete
description of the effect can be given with spherically
symmetric parameters. Although a lower evaporation
Coulomb barrier also brings better agreement with the
sub-barrier data, it seems that such a change is within the
limits of uncertainty of the statistical-model parameters.
However, even in the case of adopting this as the only

physical explanation of the effect, its magnitude is not
suggested to be as large as the reported one. It has to be
noted that these modifications affect the alpha competi-
tion with the other decay modes. The lack of further ex-
perimental information of this reaction, such as partial
cross sections, prevents us from making any further state-
ments.

On the basis of these observations, we find a high de-
gree of uncertainty in the reported magnitude of the de-
formation effect. Additional experimental information
for this reaction, at the same bombarding energy, would
be helpful for a stronger quantitative statement.

This work was supported in part by the U.S. Depart-
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88ER40406.

~G. La Rana, R. Moro, A. Brondi, P. Cuzzocrea, A. D'Onofrio,
E. Perillo, M. Romano, F. Terrasi, E. Vardaci, and H. Du-
mont, Phys. Rev. C 37, 1920 (1988).

E. Bozek, D. M. De Castro-Rizzo, S. Cavallaro, B. Dalaunay,
J. Delaunay, H. Dumont, A. D'Onofrio, M-G. Saint-Laurent,
L. Sperduto, and F. Terrasi, Nucl; Phys. A451, 171 (1986).

3H. Dumont, B. Delaunay, J. Delaunay, D. M. de Castro-Rizzo,
A. Brondi, P. Cuzzo crea, A. D'Qnofrio, R. Moro, M.
Romano, and F. Terrasi, Nucl ~ Phys. A435, 301 (1985).

N. G. Nicolis, private communication; N. G. Nicolis, D. G.
Sarantites, L. A. Adler, F. A. Dilmanian, K. Honkanen, Z.
Majka, L. G. Sobotka, Z. Li, T. M. Semkow, J. R. Beene, M.
L. Halbert, D. C. Hensley, J. B. Natowitz, R. P. Schmitt, D.
Fabris, G. Nebbia, and G. Mouchaty (unpublished).

A. Gavron, Phys. Rev. C 21, 230 (1980); modification FAcE2s

by J. R. Beene.
D. Wilmore and P. E. Hodgson, Nucl. Phys. 55, 673 (1964).

7C. M. Percy and F. G. Percy, Nucl. Data Tables 17, 1 (1976).
J. R. Huizenga and G. Igo, Nucl. Phys. A29, 462 (1972).
A. J. Sierk, subroutine BARFn', Los Alamos National Labora-

tory T-9, 1984 (unpublished).
A. Bohr and B. R. Mottelson, Nuclear Structure (Benjamin,
Reading, 1975), Vol. II.

~S. S. Hanna, in Giant Multipole Reesonances, edited by F. Ber-
trand (Harwood, New York, 1980), Table I.
J. Benveniste, G. Merkel, and A. Mitchel, Phys. Rev. 174,
1357 (1968).

3L. McFadden and G. R. Satchler, Nucl. Phys. 84, 177 (1966).
4M. Hillman and J. R. Grover, Phys. Rev. 185, 1303 (1969).


