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Cross section values for (n,p)- and (n,a)-reactions have
been analysed as functions of the proton and neutron num-
bers of the target nuclei. When these numbers equal or ap-
proach those of a closed shell structure, the cross section
values tend to increase. Far from closed shells the cross sec-
tions are small.

Introduction

Fast 14 MeV neutrons induce (n,2n)-, (n,p)- and
(n,a)-reactions in the whole mass region. Of these
types of reactions, the (n,p)- and (n,a)-reactions have
been objects of great interest. It can be shown that
both reactions have large cross section maxima in the
mass-number region 4 ~ 30—50. For both heavier
and lighter nuclei the cross sections decrease. In ad-
dition to these gross-structure features of the reaction
cross section, there still remains the unsolved problem
of the possible shell effects affecting the cross sections.

Several workers indicate the existence of shell ef-
fects 174 for (n,p)- and (n,a)-reactions. CHATTER]JEE 12
examined the (n,a)-reaction cross sections and found
cross-section minima at proton shell closure positions
of the residual nuclear charge. From the cross-section
data available for (n,p)- reactions CHATTERJEE? fur-
ther concluded the existence of proton shell and sub-
shell effects and pairing effects. Recently, CUZZOCREA,
PerILLO and NOTARRIGO 4 made a comprehensive re-
view of the data available on (n,p)- and (n,a)-reaction
cross sections. Their analysis of these data shows that
the evaporation model can be used to explain the data
when shell effects are included in the excitation energy.

Findings contradictory to the above-mentioned ob-
servations are also reported % 6. GARDNER and ROSEN-
BLUM ® re-investigated cross sections for (n,p)-reactions
in the Z-region 6 < Z < 50, but could not find any
support for the hypothesis that true shell effects exist.
QAM ¢ recently analysed (n,p)- and (n,a)-reaction
cross sections as functions of ZR, i. e. the charge of the
residual nuclei. No abrupt changes in the cross sections
were observed.

HAVLIK 7 measured (n,p)-, (n,a)- and (n,2n)-reac-
tion cross sections for several nuclei and found a de-
pendence of opp and Ope [i.e. the cross sections for
(n,p)- and (n,a)-reactions respectively] on (N—Z)2
and on the neutron excess as it appears in the term

(N-2)[Aor (N-Z+1)/(4+1).
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Recently ANGELI et al.® ? made a search for trends
in total neutron cross sections. The total neutron cross
sections could be approximated by the “black nucleus”
formula. It was found out that the ratio of the experi-
mental cross section value to the theoretical prediction
had a 4'*-dependence. However, a good agreement was
noted between the results of the experiments and the
theoretical predictions for medium and heavy mass
nuclei, and if systematic trends in total neutron cross
sections exist, they amount to only a few percents.

The earlier investigations have generally treated
cross-section data as functions of either 4, Z, N, Zgr
or Ng, i. e. the nucleon numbers in the target nucleus
and the residual nucleus. Occasionally only the most
abundant isotopes are considered.

In our opinion, however, a great deal of information
may also be obtainable from the cross section data
for less abundant isotopes. We therefore made an em-
pirical survey of all the data on (n,p)- and (n,a)-reac-
tion cross sections. We also plotted the cross sections
as functions of Z and N simultaneously.

Results

In the present study we plotted the cross sections
of the (n,p)- and (n,a)-reactions as functions of Z
and N, i.e. the proton and neutron numbers of the
target nucleus. The two operations were carried out
simultaneously, and the result is shown in Figure 1.
The experimental data were mainly taken from the re-
view of CUzzOCREA et al.%. It can be seen from this
review that single measurements have fairly large error
limits, and that in cases where several measurements
of the same cross sections have been performed the re-
sults often differ greatly from each other. As compared
with the results by CuzzOCREA et al.4, a few slight
modifications have been made in the present study. For
43Ca in the (n,p)-reaction cross section we used the
value 6=101 mb, obtained as a mean value of the
measurements reported 10712,

The cross section values given by HAVLIK 7 show
good agreement with the mean values reported by
Cuzzocrea et al. For the (n,p)-reaction on 138Gd we
included the value 6=2.610.6, as measured by Hav-
lik. All the values have been plotted in Fig. 1 without
error limits.

The gross-structure features of the cross sections are
easily distinguishable. Generally the cross sections for
(n,p) -reactions are much greater than those for (n,a)-
reactions. For both kinds of reactions broad cross sec-
tion maxima can be observed in the mass region
A = 30—60, corresponding to the maxima reported by
Qamm 8. In Fig. 1 we have further indicated the nucleon
numbers 8, 20, 28, 50, 82 and 126 with heavy lines.
It can be seen that the cross-section values increase in
the vicinity of these lines. In (n,p)-reactions we ob-
serve the maximum value 6=451+38 mb for Z=20
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and N =20, and for 8Ni (Z =28, N=30) we have the
mean value 0=2374.7% 21.7 mb; both values are higher
than the neighbouring values. When N 2250 a rise oc-
curs in the cross section data, and the same phenome-
non occurs when Z2250, N>82 and Z2282, N>126.
Between these maxima there is a tendency for smaller
values. Generally these occur when the Z, N numbers
deviate from the magic numbers. In these regions, how-
ever, there also occur a few cross-section values which
are not in accordance with the above mentioned rule.
Whether these exceptions are true or only due to the
statistics of the measurements cannot be stated without
further investigations. They do not, however, observe
the general trend.

What has been said above of the (n,p)-reactions also
applies to the (n,a)-reactions. When Z and/or N of
the target nucleus equals or approaches a magic num-
ber, there is a rise in the cross section values. This is
apparent in the case of %0 with 6=290 % 25 mb, which
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Fig. 1. The cross sections for (n,p)- and (n,a)-reactions plot-

ted as functions of Z and N. (Note the change of scale at

Z=50. Some (n,p)-data do not fit into this scale. They have
been indicated by broken lines.)

is much higher than the neighbouring values. At Z=220
and N2>20 there is an increase in the o-values. The
same is true of the Z =228 and N =228 nuclei. As the
nucleon number approaches Z2=250 and 82, and N 2250,
82 and 126, a rise can again be observed in the cross
section values. Far from closed proton or neutron shells
there is a tendency to minima. This can be seen to hap-
pen in the case of nuclei having neutron numbers
28 < N<<50 and 50 << N < 82. Although there are
values which are not in accordance with this rule, thev
are few and do not completely outrule the above-men-
tioned statement.

Thus, by analysing simultaneously cross section values
for (n,p)- and (n,a)-reactions induced by =14 MeV
neutrons as functions of the proton and neutron num-
bers of the target nuclei, we have noted the general
trend that the cross section values increase as the pro-
ton and/or neutron numbers equal or approach closed
shells.
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