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Improved statistical-model calculations allow a search for the lower and upper limit-
ing angular momenta of compound-nucleus formation that give best fits to evaporation-
residue mass distributions. For the 0+ 0 reaction in the energy range E~ ~

= 35—80
MeV, optimal fits are obtained for low-l cutoff 0, and maximum l equal to l~, , obtained
from total fusion cross sections.

PACS numbers: 25.70.Bc, 25.70.Hi

The decay of the compound nucleus is well un-
derstood in terms of a statistical evaporation
model. The fusion reaction leading to compound-
nucleus formation, on the other hand, is a highly
complex process whose theoretical description
always requires simplif ying assumptions. A ba-
sic question is which impact parameters (partial
waves l) lead to fusion. The maximum / value
(l„) determines the maximum possible so-called
critical angular momentum J„of the compound
nucleus. l„can be calculated' from the total fu-
sion cross section [o' f„„.„=~&'(l„+1)'] if we as-
sume that the probability of compound-nucleus
formation is unity for all incoming partial waves
between 0 and l„. A cutoff for low / values is
predicted, however, by recent time-dependent
Hartree-Foek calculations' and discussed in ex-

perimentall

publications. ' '
One way to gain information on limiting l values

is to perform statistical-model calculations for
J distributions and to choose the correct distribu-
tion by the best fit to the data. Unfortunately,
useful calculations are time consuming and re-
quire large amounts of computer storage. Most
calculations that are found in the literature are
therefore one-shot calculations that use a distri-
bution between J=0 and J =l„with l„as deter-
mined from total fusion cross sections. The in-
terpretation of differences between experiment
and theory remains rather speculative. We re-
port here on a method that permits the choice of

the best statistical-model fit from a large number
of calculations with different initial angular mo-
mentum distributions of the compound nucleus.

In this Letter we concentrate our investigation
on the compound system "0+"0, where exten-
sive data are reported' for energies E&,t, =35-80
MeV. Less intensive studies on other compound
systems with A ~ 32 where there are experimen-
tal data available' ' ' seem to confirm the results
reported here.

The statistical-model calculations were car-
ried out using the Monte Carlo computer code
LANCELOT. ' ' Relative probabilities for compet-
ing decay modes from a parent nucleus with ex-
citation energy E„and angular momentum JI are
calculated using the Hauser-Feshbach formula'
which, for emission of a particle b of spin j re-
moving orbital angular momentum l and kinetic
energy E, may be written

I' I' *(b,l, e)

~g+l g+g

=Ti(e) Q Z p(Ey, Zy). (1)
s= fzl- zf z&= fs-yf

Here T, (e) is a transmission coefficient obtained,
with the parabolic barrier approximation, ' from
optical-model potentials and p(E&, J&) is the den-
sity of states in the daughter nucleus which at low
energies is obtained from experimentally ob-
served levels, and at higher energies is the Lang'
Fermi-gas density with parameters obtained
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from Gilbert and Cameron. " Emission of neu-
trons, protons, deuterons, a particles, and y
rays is included in the calculations. Yrast lines
are calculated using the rigid-body moment of
inertia including a rotational stretching correc-
tion (Puhlohfer"). The corresponding parame-
ters and the choice of optical-model potential pa-
rameters were optimized by comparing model
predictions with data on compound systems with
A &32 at low energies where no low-l cutoff
would be expected to exist. A good description
of all systems investigated was obtained with a
unique parameter set which was therefore used
in the present study. It should be stated that our
yrast lines agree well with recent shell-correct-
ed liquid-drop-model calculations. "

In a first step we tested the sensitivity of evapo-
ration-residue mass yields to the critical angular
momentum l„over the range l„'+ 3 where l „'
is the value determined from the total fusion
cross section. For each value of l„a value of

=En~(&exp ~ch )/~&exp

was calculated as a measure of the quality of the
fit to the evaporation-residue mass distribution.
In all cases a single minimum for y' was deter-
mined which agreed well with values of l„' ob-
tained from the experimental fusion cross sec-
tions.

A more economic procedure was used to search
on both l„and low-I cutoff (1,) for the "0+"0
data from Ref. 3. For each energy several thou-
sand evaporation events were created using
LANCELOT for an l distribution with 0 ~ l (l„'
+3. The program lists for each event the initial
J value of the compound nucleus and the complete
evaporation cascade. Different initial distribu-
tions corresponding to different values of l„and
l, are then selected out of the initial file and the
residue spectrum for each pair l„,l, is compared
with the experimental data. Thus values of X'

over the plane l„,l, can rapidly be generated and

may be displayed on a contour plot. Figure 1
shows this plot at three energies for the "0+"p
system. At all energies we observe one deep
minimum located on the axis, l, =0, with l„equal
to values known from total fusion cross sections.
The same holds also for energies 35, 45, and 52

MeV not shown in the plot.
It can be seen from Fig. I that the fits (values

of y') get a slightly incorrect estimate of the "Na-
to-' Ne mass ratio, their sum being correctly
predicted, however. As shown in Fig. 2, exclu-
sion of low l values changes this ratio in the
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FIG. 1. Lines of equal )( in the plane formed by the

critical angular momentum for fusion g «) and low

angular momentum cutoff g ~; events with l ( l ~ are re-
jected). p measures the quality of the statistical-
model fit with an initial J distribution of the compound
nucleus that is determined by l«and lc. The dots cor-
respond to the g minimum. The triangles correspond
to a X, value where l~ has been determined from Ref.
2 and l «adjusted to get the experimental fusion cross
section.

wrong sense as well as seriously deteriorating
the prediction for other isotopes such as "Si
which, as detailed investigation revealed, is al-
most entirely produced by four-nucleon evapora-
tion from the low-l region.

It should be stressed that no signifivance can
be attributed to the absolute values" of X' since
the data set is, strictly speaking, incomplete
(absence of Z identification, nonmeasurement of
small or zero contributions from masses &20
or & 29) and may also contain undetected system-
atic errors. Thus in considering relative values
of y' we are assuming, as in Ref. 3, that the sta-
tistical model is applicable.
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FIG. 2. Experimental evaporation-residue yields
from Ref. 3 (histograms with dotted lines indicating
error bars) compared with I.ANcELoT predictions
(capped vertical lines) at two energies for points in the
l~-l«plane indicated in Fig. 1.

With this assumption, we summarize the im-
portance of our results as follows:

Statistical-model calculations are indeed sensi-
tive to limiting antular momenta. Comparison
with the data strongly selects one unique pair of

values l„,l,.
The fact that values of l„ independently ob-

tained from statistical-model fits and total fusion
cross sections agree gives increased confidence
in the application of the statistical model.

The energy dependence of l„can be obtained by
measuring an excitation function of relative mass
distributions only, l„being determined from sta-
tistical-model fits. It is even sufficient to do
this at only one angle as angular distributions
are well described by the statistical model. '

Finally, our results are in strong disagree-
ment with a low-l cutoff proposed for "O+"O in
Ref. 2. Exclusion of low l values always worsens
the quality of the statistical-model fit.
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