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The a decay of Ru compound nuclei populated in ' S on " ' Ni reactions at Eb„=135-185
MeU has been studied. Experimental data have been compared with statistical model calculations
performed with two different computer codes. The quality of the agreement between calculations
and experimental data was found, in one case, to depend on the compound nucleus populated.
Comparing the results from the two computer codes, deviations in the predicted cross sections are
evidenced which are due to the different parametrization of nuclear properties employed in the cal-
culations. Statistical model calculations describe well the shape of experimental spectra if account
is taken of changes in the phase space available to the decaying nucleus which are related to the on-
set of deformations at high spins. Fission competition strongly determines the alpha-particle cross
sections at the higher bombarding energies which are systematically underestimated by the model
calculations if transmission coeScients computed from optical model potentials are used.

I. INTRODUCTION

The decay of compound nuclei at moderate excitation
energy (E„—100 MeV) and high spin has received a
renewed interest in the past years. ' New detailed exper-
imental data and sophisticated model calculation allow us
to probe whether the foundations of the statistical model
hold for compound nuclei (CN) populated in heavy ions
reactions. Assuming that the statistical nature of the
compound nucleus decay is experimentally ascertained,
open questions are still related to the description of the
average shapes of highly excited, rapidly rotating nuclei
and their influences on the basic parameters of the calcu-
lation (yrast lines, level densities, and emission barriers).

Recently several papers have been devoted to these to-
pics and the field is not yet free from controversies on the
degree of deformation induced by nuclear rotation. The
common procedure to identify signatures of deformation
effects is the comparison between experimental observ-
ables (energy spectra, anisotropies, and decay branches)
and the results of statistical model calculations which in-
clude nuclear structure information as it is known today,
i.e., mainly for spherical and/or cold nuclei. A disagree-
ment between experimental data and calculations is taken
as a demonstration that deformation induced by high

spins sets in, is not destroyed by thermal fluctuations, and
is not described properly by the current parametrizations
of nuclear properties included in the statistical model cal-
culations. Empirical variations of the phase space avail-
able to the decaying compound nucleus and of the access
to this phase space, needed to reproduce the experimental
data, are obtained by changing the yrast line and emis-
sion barriers, respectively. These variations are used to
estimate the change of the nuclear properties.

Evidences of deformation effects have been derived in
several cases. ' In particular we have studied in the past
the decay of ' Cu (Refs. 4—6) and Ga (Ref. 7) com-
pound nuclei by comparing experimental data with sta-
tistical model calculations using the computer code
CAScADE. In both cases it was found that the shape of
the alpha-particle spectra is reproduced by model calcu-
lations in which the changes in yrast line and emission
barriers result in a reduction of the emission from high
spin states in the first decay step.

We present here data on the alpha-particle decay from
Ru compound nuclei populated at excitation en-

ergies in the range E =60—115 MeV and spin up to
-706 by means of the reactions S+ ' ' ' Ni at bom-
barding energies 8=135—185 MeV. Energy spectra and
anisotropies of evaporative alpha particles have been
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measured and compared with statistical model calcula-
tions using the computer codes CASCADE and PACE2.

The experiment was performed to extend the investiga-
tion of the deformation effects in the mass region
3 —100. Increasing the compound nucleus mass with
respect to previous studies has the advantage of using sta-
tistical calculations in a region where the statistical mod-
els are expected to work well. Furthermore, in this mass
region it is possible to describe the 6ssion channel of the
compound nucleus decay on the basis of experimental
data, so that possible effects related to the opening of this
channel on the evaporative alpha-particle spectra can be
studied. The investigation of four compound nuclei offers
the opportunity of testing the model calculation and the
presence of deformation effects in a more systematic way.

II. EXPERIMENTAL DETAILS

The experiment was performed at the XTU Tandem
facility of the Laboratori Nazionali di Legnaro. The S

TABLE I. Fusion of "Son Ni isotopes studied in this work.

Reaction

32S+ 58Nj

32S+ 60N

Si+62Ni
»S+64Ni

abeam

(MeV)

135-185
135-185
135-185
135-185

(MeV)

63.5-95.8
71.0-103.7
77.8—110.9
82.2—115.7

a
~crit

49-65
50-67
51-69
53—71

'From cross sections of "S-and "C1-induced reactions (Refs. 10
and 11) on Ni isotopes and systematics of reaction parameters
(Ref. 12).

beam was focused onto thin (0.2 —0.4 mg/cm ) foils of
Ni, more than 96% enriched. The beam energy

was varied from 135 to 185 MeV in 5 MeV steps. - The
corresponding excitation energies and spin region popu-
lated in the Ru compound nuclei are reported in Table I.
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FIG. 1. Center-of-mass converted alpha-particle spectra taken at Ol,b=30, 60', 120, and 150' for the reaction S+ Ni (a) and
S+ Ni (b) at E =140, 160, and 180 MeV bombarding energies.
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Spectra of alpha particles were collected at laboratory
angles 0&,b=30, 60, 120', and 150' using four silicon tele-
scopes (EE=10—20 pm, E =1000—2000 pm). Absolute
cross section normalization was derived by calibrating
the Faraday cup to the Rutherford scattering from a gold
target. Energy calibrations were obtained by means of
radioactive sources and precision pulsers.

In the bombarding energy range here explored the in-
clusive light particle spectra are largely dominated by the
emission from the compound nucleus. ' ' To verify the
evaporative origin of the alpha particles, energy spectra
taken at different angles were converted to the center-of-
mass (c.m. ) system and compared with each other. In
Fig. 1 examples are shown of c.m. converted energy spec-
tra for ' Ni targets. It is clearly seen that the low ener-

gy part and the peak in the energy spectra do not change
with the observation angle. The spectra taken at
8»b=30' with Ni are characterized by a slope giving an
apparent temperature slightly larger than that corre-
sponding to other observation angles. This feature be-
comes more evident at increasing bombarding energy and
is also present with Ni target. In rapidly rotating nuclei
the mean energy of the evaporated particles is expected
to increase with average spin of the emitter, which is in
turn related to the emission angle. ' A dependence of the
observed slope with the observation angle might be ex-
plained as a spin effect. This seems not to be the case of
the present experiment because this effect is present only
for the reactions on ' Ni but not for those on ' Ni
and is seen only at 0&,b=30' and not in the spectra taken
at 9&,b= 150', which corresponds to particles emitted even
closer to the beam direction in the c.m. system. The

dependence on the bombarding energy and on the target
supports the hypothesis that the extra production of
more energetic particles is due to the sequential decay
from projectile-like fragments after deep inelastic col-
lisions, O„b=30' being close to the grazing angle of these
reactions. In case of two-body reaction, the correlated
angle for the target-like recoil is in the range
0& b

= 50' —70'. The spectra taken at 0] b
=60 show a

small rise at very low energies in case of Bi target which
can be explained as due to the corresponding sequential
decay from the target-like fragment. We stress that the
contamination from other reactions, if any, is very weak
and the slope of the spectra taken at angles larger than
O„b=30' fit nicely with each other, a proof that the
source of the alpha particle is in these cases the com-
pound nucleus.

III. EVAPORATION CALCULATIONS

Statistical model calculations have been performed us-

ing the computer codes CASCADE and PACE2. Input pa-
rameters are reported in Tables II and III for CASCADE

and PACE2, respectively. Both codes perform multistep
calculations (i.e., they follow step by step the decay of the
CN allowing fission decay, particles, and gamma emission
until the system cools down}. cAscADE employs the grid
method, mapping the evaporation residue in the E„-J
plane and performing successive statistical calculations
for any E„-J state until all reaction products fall below

the thresholds for particle emission. CASCADE outputs
the evaporation residue (ER) distributions, c.m. energy

TABLE II. Evaporation calculations using CASCADE.

Angular momentum distribution in the compound nucleus:
1. J,„derived from systematics of of„,.
2. Diffuseness 6=2%'.

Myers-Swiatecki Lysekil liquid-drop mass formula (Ref. 14).

Optical potential for emitted particles:
1. Neutrons, Wilmore and Hodgson (Ref. 15).
2. Protons, Percy (Ref. 16).
3. a particles, Huizenga and Igo (Ref. 17).

Level density parameters at low excitation (E* 10 MeV):
1. Fermi gas level density formula (Ref. 18) with empirical parameters from Dilg. '

2. Effective moment of inertia 2=0.85X9'„~;d..
Level density parameters at high excitation (E*~ 15 MeV):

1. Fermi gas level density formula (Ref. 18) with parameters from liquid-drop model (LDM) (Ref. 20).
2. Level density parameter aLDM=A/8. 5 MeV

Yrast line:
1. Moment of inertia for rigid body with radius parameter ro=1.28 frn.
2. Deforrnability parameters (DEF and DEFS) used to calculate the effective moment of inertia

V=9,ph„, X(1+DEFXJ +DEFSXJ ),
as a function of the angular momentum J:

set 1 and set 2: DEF=0.15X10 ', DEFS=0.16X10 ',
Fission:

1. Level density parameter at the saddle point af = A/DAF MeV
set 1: DAF=8. 5; set 2 and set 3: DAF=8. 17 ~

2. Fraction of the liquid-drop fission barrier ' FFB:
set 1: FFB=1.0; set 2 and set 3: FFB=0.54.
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TABLE III. Evaporation calculations using PACE2.

Angular momentum distribution in the compound nucleus:
1. J,„derived from systematics of crf„,.
2. DifFuseness dt =2k.

Wapstra mass (Ref. 22).

Optical potential for emitted particles:
SUBROUTINE TCCAL, E. D. Arthur, LASL Group T2.

Level density
Gilbert-Cameron level densities (Ref. 23) with parameter a = A/8. 5 MeV.

Yrast line and fission barrier:
SUBROUTINE BARFIT, A. J. Sierk, LANL, Group T9, 1984 (Ref. 24).

spectra of the emitted particles, and cross sections for
particles as well as for gamma and fission decay. The
PACE2 code makes use of the Monte Carlo method, fol-
lowing the cooling down of the CN event by event and
constructing the spectra in the c.m. as well as in the labo-
ratory system. The simulation statistics in the PACE2 ver-
sion here used is limited to a maximum of 10000 events.
As a result energy spectra often suffer from low statistics.
The PACE2 code uses the same transmission coefBcients
TI for all compound nuclei on the deexcitation path, tak-
ing into account an average reduction of the Coulomb
barrier due to the evaporation. The CASCADE code, in-
stead, computes TI for any emitter taking part to the de-
cay chain.

The first step in the statistical calculations for the Ru
compound nuclei is related to the description of the
fission channel. From the experimental point of view it is
known that fission of the compound nucleus is an impor-
tant decay channel for systems like the ones considered in
this work.

PACE2 contains up-to-date evaluation of angular-
momentum-dependent fission barriers, while CASCADE
includes the fission subroutine written for the code ALICE
with original rotating liquid-drop model (RLDM) bar-
riers. ' In Ref. 25 it has been shown that for the system

Cl+ Ni, close to the ones studied here, a consistent
reduction of the RLDM barrier and an increase of the
level density at the saddle point relative to that of the ro-
tating ground state (af/a„) are needed to reproduce the
experimental fission data. Blann and Komoto have
shown that the corrections needed to the RLDM fission
barrier are correlated to the trend of those calculated by
Krappe, Nix, and Sierk with the finite range model.

To test the fission channel predictions, we have per-
formed cross section calculations for the Cl+ Ni sys-
tem using PACE2, CASCADE with default options (original
RLDM barriers and af/a =1), and CASCADE with ad-
justed fission parameters following Ref. 25 (RLDM bar-
riers reduced by a factor 0.54 and af /a„= 1.04). The re-
sults are shown in Fig. 2. It appears that the default
CASCADE calculations underestimate largely the fission
cross section for bombarding energies below E =200
MeV. Appropriate estimates are obtained by the default
PACE2 or adjusted CASCADE calculations.

Statistical model calculations for the decay of Ru com-
pound nuclei were performed using PACE2 with default

0
LD '.54

10

I

160
I

180 200 220
Eb ~ (MeV}

FIG. 2. Experimental ' and calculated fission cross section
for the reaction 'Cl+ Ni. For details of calculations see the
text.

options, CASCADE with default parameters (set 1 input in
the following} and CASCADE with adjusted fission parame-
ters (set 2 input). The two different CASCADE calculations
were performed in the attempt of studying the influence
of the fission channel on the calculated particle spectra.
The comparison between experiment and calculations
was performed in the center-of-mass system by using
directly the experimental spectra taken at H~,b=60' con-
verted in the center-of-mass system assuming full
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momentum transfer.
Figure 3 shows the prediction of PACE2 in terms of

shape of alpha-particle spectra as compared with the ex-
perimental data. To better compare the spectral shapes,
the calculated spectra have been normalized to the in-
tegral of the experimental distributions separately at each
energy and for each isotope. In Fig. 4 we report a com-
parison of absolute cross sections at 0&,b=60' and aniso-
tropies W(150 )l W60') for alpha-particle emission.

In the range of targets, excitation energies, and angular
momenta explored here, deviations appear between calcu-
lations and experiment which show a strong dependence
on the compound nucleus. The PACE2 code describes
well the shape of the alpha-particle spectra only at low
bombarding energies (E =135—145 MeV) for the Ni
target. At increasing bombarding energy, calculated
spectra are wider than experimental ones and feature ex-
cess alpha particles at high as well as at very low ener-
gies. Excess low-energy alpha particles are present in the
calculated spectra for the ' Ni targets still at low bom-
barding energies.

In addition, neither absolute cross sections nor aniso-
tropies are described well. In fact the calculated excita-

tion functions fit the data well only for the Ni target. In
the case of ' Ni the calculated cross sections are
-20% lower than the experimental data. Calculated ex-
citation functions Aatten more rapidly than experimental
ones for ' Ni. Calculated anisotropies reproduce well
the experimental data at low bombarding energies for all
targets, becoming somewhat lower than the experimental
ones with increasing energy for '' Ni. In the case of

Ni the calculated anisotropies remain constant with the
energy in agreement with the experimental data. In mod-
el calculations ' the calculated anisotropy is determined
primarily by the ratio of the rotational energy to the tem-
perature of the decaying system. In the single step calcu-
lation of Ref. 2, predicted anisotropies for spherical nu-
clei are larger than the experimental data. This was tak-
en as an evidence for deformation effects. In a multistep
calculation the resulting anisotropy depends on the aver-
age spin and excitation energy of the states which popu-
late the alpha channel. The fact that in the present case
the calculated anisotropies underestimate the data cannot
be taken as proof of the onset of deformation effects.
This seems to offer a further demonstration that the
PACE2 simulations do not correctly account for the CN
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states which decay emitting alpha particles in the higher
bombarding energies.

The PACE2 code allows a traceback of the CN decay
thanks to the Monte Carlo technique. Considering for
example the reactions at 185 MeV, the predictions are
that alpha particles carry away, on the average, E —15
MeV and sizeable angular momenta I -9A and are emit-
ted at any step of the deexcitation cascade. Only a small
fraction of alpha particles originates in the first decay
step (10—20%%uo). The average angular momenta of the
states which decay by alpha-particle emission are 5-10k
lower than the average CN spin so that only 20% of al-

pha particles are emitted from states with RLDM pre-
dicted shapes for which the ratio of the major axis to
the spherical radius is R,„/Ro 1.1.

Figure 5 shows the comparison between experimental
spectra and the CASCADE predictions using the two sets
of input parameters. The same normalization procedure
used for Fig. 3 holds for Fig. 5. The first surprising
feature of Fig. 5 is that the tuning of the fission channel
achieved with the set 2 input parameters does not
influence the shapes of the calculated alpha spectra which
are identical to those calculated with set 1. CASCADE

predictions are in good agreement with experimental
spectra at low bombarding energy. An increasing devia-
tion between calculation and experiment is evident with
increasing bombarding energy. The calculations appear
to underestimate the production of low-energy alpha par-
ticles and overestimate the yield of energetic ones. This
results in a shift of the calculated spectra towards higher
energies. For sake of comparison, we have computed
from the integrated cross sections predicted by CASCADE

(set 2 input) the difFerential cross sections at O~,b=60' us-

ing experimental anisotropies. The results are shown in
Fig. 4. The CASCADE excitation functions exhibit a satu-
ration around E =165 MeV not seen in the experimental
data. For lower energies absolute cross sections are well
reproduced with the only exception of the Ni case. We
stress the fact that the quality of agreement between
CASCADE calculations and experimental data do not show
the compound nucleus dependence which strongly ap-
pears in the case of PACE2 predictions. Comparing the
spectra computed by CASCADE and PACE2 we note that
the main difference is in the low-energy part of the distri-
butions especially for ' Ni, the excess of energetic par-
ticles at the higher bombarding energies being present in
the output of both codes and for all targets.

A more detailed comparison between the statistical
model calculations is presented in Fig. 6 in the case of

S+ Ni. It appears clearly that switching from set 1 to
set 2 the CASCADE calculations approach the PACE2 ones
in terms of fission and alpha-particle cross sections. At
the higher bombarding energies the fission cross section
calculated by PACE2 is still greater than that from
CASCADE also with the set 2 input. More striking
differences between the two codes are in the evaluation of
the cross section for proton and neutron decay.

IV. DISCUSSION

In previous works on the decay of lighter com-
pound nuclei it has been shown that the deviation be-
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the fusion reactions studied in this work. The vertical line
marks the angular momentum value for the vanish of the fission
barrier. In the upper part are shown predictions from the
RLDM for ratio of the major axis of the deformed compound
nucleus to the spherical radius.

tween experimental alpha-particle spectra and predic-
tions by the statistical model are related to the onset of
deformations driven by the angular momenta. In the
present work, as in the case of Cu, ' the increase of the
average compound nucleus angular momentum is
achieved by raising the bombarding energy. A represen-
tative yrast plot for the reaction studied here is reported
in Fig. 7 where RLDM predictions are also reported on
the nuclear deformation as a function of the angular
momentum. It appears that at 135 MeV bombarding en-

ergy the bulk of the compound nucleus population is due
to spherical or nearly spherical shapes. Sizable deforma-
tions (R,„/Ro ~ 1. 1) are present only for spin J~ 45k'.

The relative population of deformed states increases with
increasing bombarding energy up to E =185 MeV. At
this energy the CN spin distribution reaches the angular
momentum value for which the fission barrier vanishes.
It is assumed that the deviations between experimental
spectra and calculations are caused by states in the angu-



136 B. FORNAL et al. 41

lar momentum window 454( J ~64k which survive the
fission decay, emitting alpha particles.

The effects of deformation on the spectra calculated
from the statistical model code CASCADE are fully dis-
cussed in Ref. 6. The main phase space changes needed
in the calculation for lighter CN to reproduce the experi-
mental spectra are (i) a spin-dependent enhancement of
the level density obtained by lowering the yrast line
which decreases the extra production of energetic alpha
particles from the first decay step, and (ii) the lowering of
the emission barrier, achieved by increasing the optical
model potential radius, which produces an arnplification
factor in the alpha-particle spectra determining the abso-
lute cross section and favouring the emission of low-
energy particles. These changes propagate on a cornpli-
cated decay pattern constituted by many decay steps and
their effects become evident only in the summed evapora-
tion spectra at the end of the decay chain.

A further question is related to the differences between
the predictions of the two codes, which appear in the
present case to be sizable, especially for low-energy alpha
particles. We have compared the yrast lines and
transmission coefficients used in the calculations. The
Sierk yrast line used in PACE2 is very close to the RLDM
line used in CASCADE. Transmission coefficients for p, n,
and alpha emission used in the two codes are also similar:
At the top of the decay chain, the barriers for protons
and alpha particles emitted at l =0 in CASCADE are
B/' 0=8.5 MeV and BI 0=12. 1 MeV to be compared
with the values Bt' 0=7.8 MeV and B& O

=12.7 MeV
used as average values in PACE2. In both statistical model
codes, the TI are computed from parametrizations of op-
tical model potentials. Those barrier values are in good
agreement with the empirical fusion barriers derived by
Vaz and Alexander, which are 8 =7.4 MeV and
8 =12.2 MeV for Ru compound nuclei. As the yrast
lines and barriers used in PACE2 and CASCADE close to
each other, it is suspected that the excess of low-energy
particles might originate from a rough description of the
level density at low excitation above the yrast line where
a consistently large number of alpha particles are emitted
in the PACE2 simulation. We note that the level densities
for excitation energy below 20 MeV are described care-
fully in CASCADE, by requiring the matching between the
low-energy region which is treated following the Dilg pa-
rametrization' of the Fermi gas formula and the high-
energy region which is described by the same formalism
but with parameters from the liquid-drop model.

As in the case of Cu, ' we have studied the effects of
lowering the yrast line in a spin-dependent way. To this
end CASCADE calculations were performed with a third
set of input data which includes the fission barrier param-
eters of set 2 and an ad hoc adjusted yrast line shown in
Fig. 7.

CASCADE calculations with the set 3 input are com-
pared with the experimental alpha spectra in Fig. 5 and
absolute cross sections for p,n alpha emission and fission
decay are also shown in Fig. 6 for the Ni case. As the
lowering of the yrast line causes a spin-dependent
enhancement of the level density which changes the
phase space available for the alpha emission, the net re-

suit is a decrease of the average energy of the calculated
alpha-particle spectra yielding a better production of the
experimental data for high as well as for low alpha-
particle energy. The worsening of the fit at the lower
bombarding energies (135—145 MeV) is caused by a too
low yrast line for angular rnomenta in the range 30—406
and can be avoided by matching the RLDM to the
empirical line in this spin region.

The better agreement obtained, as far as the alpha-
particle spectral shape is concerned, corresponds to a
drastic decrease in the calculated cross section for the
alpha-particle emission, the other decay channels show-
ing smaller changes in cross section. The alpha-particle
cross sections from the CASCADE calculations with the set
3 input seem to be too low when compared with the ex-
perimental cross section, as shown in Fig. 6.

As discussed by M. Blann, the change in nuclear
shape should affect also the emission barriers for charged
particles at the tip of the elongated nucleus, producing an
amplification factor for the cross section. It has been
shown that this effect can be accounted for by changing
the radii in the optical model potentials. In the present
case a small change of the radius (increase of 5%, which
means a 3% lowering of the barrier for alpha particles) is
enough to restore alpha-particle cross sections of the or-
der of —1. 1 b for the S+ Ni reaction at 185 MeV
close to the estimates from standard cAscADE (set 2 in-
put) and pAOEz. Calculations with this barrier lowering
yield shapes of the alpha-particle spectra close to those
shown in Fig. 5 (set 3 input).

An important point is the general underestimation of
the alpha-particle cross section for bombarding energies
in the range 165—185 MeV, clearly due to the opening of
the fission channel in model calculations (see in Fig. 6 the
differences between CASCADE calculations with set 1 and
2 inputs). Using adjusted RLDM or Sierk fission barriers
and transmission coefficients computed from optical
model, statistical model calculations are not able to
reproduce the experimental data. As an example, the ex-
perimental value of 1.5 b for the alpha-particle emission
from the S+ Ni at 185 MeV is reproduced only in cal-
culations with transmission coefficients for alpha parti-
cles corresponding to a sizeable reduction (10%) of the
barrier. The corresponding fission cross section drops to
the value 0.2b. Proton and neutron production cross sec-
tions are scarcely sensitive to this barrier lowering.

V. CONCLUSIONS

Alpha-particle decay from the ' ' ' Ru compound
nuclei populated at excitation energies in the range
E =60—115 MeV and angular momentum values up to
-7(Hi have been studied extending the test of statistical
models and the search for deformation effects, previously
evidenced in lighter systems, in compound nuclei
where the fission decay competes with the particle decay
at high spin. The quality of agreement between PACE2
calculations and experimental data was found to be
strongly dependent on the compound nucleus also at the
lower bombarding energies. In case of CASCADE calcula-
tions, a good fit to the experimental data is achieved at
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lower bombarding energies where nearly spherical com-
pound nuclei are produced, with the only exception of
the absolute cross section for the Ni target. The depen-
dence of the fit quality on the compound nucleus at low
bombarding energies points out that some parametriza-
tion of nuclear properties employed or approximations
made on the PACE2 calculations are not reliable.

Predictions by PACE2 and CASCADE codes show in-
creasing deviations from the alpha-particle experimental
data at the higher bombarding energies and for all the
compound nuclei studied. In particular, they show a
common excess of energetic alpha particles as evidenced
in the case of lighter CN. Those deviations are supposed
to be related to the onset of nuclear deformation driven
by the spin. The shape of spectra predicted by the two
codes differ at low alpha energies: PACE2 exhibits an
overproduction of alpha particles below the peak energy,
whereas CASCADE underestimates this production as in
the case of lighter CN. Large discrepancies between the
predicted cross sections are evidenced in the case of p and
n decay. These effects are likely to be due to differences
in the parametrization of nuclear properties (level densi-
ties, binding energies) employed in the two codes.

The discrepancies between standard CASCADE calcula-
tions and experimental data are qualitatively smaller than
that evidenced for mass A =50—70 where the fission
channel is less effective in depleting the more deformed
states at high spin. This is in agreement with the predic-
tions of the models of rotating nuclei. ' ' As in the case
of previous works, the discrepancies between the CAS-

CADE predictions and the experimental spectra are re-
moved by modeling the phase space available by chang-

ing the yrast line and the access to this phase space by
slightly lowering the emission barrier. The interpretation
of the phase space change obtained by lowering the yrast
line has been discussed recently for the S+ Al reac-
tion. It can be explained in terms of dependence of the
level density on the nuclear deformation, as predicted in
some theoretical framework or, alternatively, as due to
the freezing of the nuclear shape during the particle de-
cay. In the present case, the mean lifetime of the com-
pound system at the maximum excitation is of the order
of 1 —2X 10 ' s, as computed by the PACE2 code, compa-
rable with neutron emission lifetime in heavy nuclei
where prefission emission has been evidenced. A contri-
bution to the evidenced phenomena coming from the dy-
namics of shape relaxation is therefore possible. The
need of barrier lowering in statistical model calculations
of alpha-particle experimental data is, today, not free
from controversies. Once modeled the phase space to
reproduce the shape of alpha-particle spectra, the result-
ing predicted cross section values are too low. One way
of achieving a larger access to the phase space for the al-
pha decay is the lowering of the emission barrier. This,
in turn, decreases the fission cross section. High quality
data on fission —alpha-particle competition are need to
probe the barrier lowering in this mass region.
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