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Abstract

The radiative neutron capture cross-section of
nuclei has been derived as a function of neutron
excess on the basis of the exponential dependence
of the cross-section on the reaction energy.
It is shown that unknown cross-sections of stable
and radioactive nuclei may be evaluated by using
the isotonic and isotopic dependence together with
available reference cross-section measurements.

Data on fast neutron radiative capture (P3) cross-sections for

medium and heavy mass nuclei are at the present time fragmentary

and in some cases highly contradictory. This is particularly

true of naU [1] where the error of the evaluated cross-section is

50%. The present study is a sequel to the work initiated earlier

[2] on the systematic dependence of the P3 neutron cross-section

on the isotope mass number, an,r(A). On the basis of the

systematics of the P3 neutron cross-sections it is possible:

- to reject contradictory or questionable data, and

- to predict cross-section values of nuclei which are

difficult to measure, including those nuclei which are

radioactive.

On the basis of the evaluation of P3 neutron cross-sections for

nuclei of given parity (three parity groups are taken into

consideration here: N and Z even-even, even-odd and odd-even

nuclei), the isotopic and isotonic dependence of the cross-

section can be represented by

o. =K1exp(-K2 a) (1)

where a - is the P3 neutron cross-section,
or-(N-Z)/A - is the relative neutron excess parameter,

ki,2 - are constants whose values are different for
the isotopic and isotonic dependencies, and

A,Z,N - are the number of protons and neutron in the
nucleus.
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Dependence of the target nucleus neutron binding energy on the neutron excess
parameter cr-(N-Z)/A.

For even-even nuclei: points belonging to individual isotones connected by lines
are identified by the symbol of the element, the mass number and the neutron
number (given in the circles).

a) Non-magic nuclei, N-34,40,58,44,70,80.
b) Magic nuclei, N-50,82.



These dependencies can be substantiated on the basis of the

following expression, derived from the evaporation approximation

of the statistical theory [3]:

o =K1o0exp[K2 (O-KjB)] (2)

where a, Q - are the cross-section and the reaction energy,
a, - is the geometric cross-section of the nucleus,
B - the Coulomb barrier of the nucleus, and

k|,2 - are constants.

Applying equation (2) to the P3 reaction, one obtains

o = K3-o0exp(K2 Sn) (3)

where Sn - is the target nucleus neutron binding energy,

If one assumes a linear dependence of Sn as a function of a for

an most stable and radioactive isotopes, then equation (3) takes

the form of equation (1) for all isotopes (see Fig. la).

For magic number nuclei (N=50,82,126), as well as for nuclei

which undergo a shape transformation, the linear decrease

dependence of Sn (a) does not hold true. In those cases, the

isotopic dependence determines only the upper limit of the P3

neutron cross-section. For magic number isotones, the linear

decrease behavior of Sn(ot) is observed and the isotonic

dependence can therefore be used for the evaluation of P3 neutron

cross-sections of exotic nuclei (Fig. lb).

The results of a simultaneous use of the isotopic and isotonic

dependencies for the evaluation of the P3 neutron cross-sections

at 0.5 MeV for even-even isotopes having N=38,40,52-58,72-78, are

shown as an example in Fig. 2, where the complete set of

experimental and evaluated data, presented in the form of

isotopic (continuous line) and isotonic (broken line)

dependencies, is plotted as a function of the neutron excess.



1000 r

92

Fig. 2.

Isotopic and isotonic
dependence of the P3 neutron
cross-section at 0.5 MeV on the
neutron excess parameter (n-Z)/A
for even-even nuclei:

# - reference data [4],
0 - this evaluation by the

author

Isotopic dependence given by
solid line with identification
of element symbol and isotope
mass number.

Isotonic dependence given by
broken line with identification
of the neutron number given in
circle.

0.1 OJ -Z)/A

The position of the straight line which shows the isotopic or

isotonic dependence can be determined from known cross-section

values for two or more isotopes (isotones), using the cross-

section of an isotope and the slope of the line which can be

determined by analogy from the slope of the lines for neighboring

Z nuclei.

Reference reaction data [4] for the 74Se, '6Zr, 98>lllMo, l"'"2Ru,
m ' m S n , m ' U 9 T e , 1 4 l Nd, 15*Sm, 15ZGd i s o t o p e s , a s w e l l a s ou r

evaluated data for the "'"Zn,
I I 2 , 1 » 4 T J J 1 2 4 , 1 2 6 m - 1 2 6 , 12 I , 1 J I , 1 3 2 Y

ir Q • A " , Ac

Ge, ' S r , ! ! ' ' M 1 Z r , ' 4 ' 9 5 M o , 9 6 ' " R U ,

i3f.i)i.niBa i s o t O p e s , for which

there are no data at the present time, are shown in Fig.2.

In spite of the apparent similarity of the isotopic and isotonic

dependencies, there are significant differences. The isotopic

dependence provides information on the cross-sections for one and

the same element. On the other hand, the isotonic dependence is

is derived from information on isotopes of different elements.
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Fig. 3.

Dependence of the neutron binding energy on the neutron excess parameter:

a) Ruthenium isotopes: 0 - odd neutron number, # - even neutron number.

b) Isotonic nuclei having a neutron number of 72: 0 - odd proton number,
# - even proton number.

CO



As a result of this difference it is possible to obtain cross-

section values for isotopes of elements which were not part of

the initial investigation. Because of the steep slope of the

isotonic dependence, this dependence is highly sensitive to

changes of the neutron excess parameter. Also, as illustrated in

Figs. 3a and b, in the case of the isotopic dependence, the

variation of the neutron binding energy as a function of the

parity of the number of neutrons in the nucleus is of the order

of 2 MeV; in the case of the isotonic dependence, on the other

hand, the same variation as a function of the number of protons

in the nucleus is an order of magnitude smaller (i.e., 0.1 to 0.3

MeV). For magic nuclei (for neighboring Z values) having N

values of 50 and 82, the neutron binding energy is practically

independent of the proton number parity.

The various aspects of these dependencies makes it possible to

perform cross-section evaluations for a wider number of isotopes,

and allows one to utilize a larger number of reference nuclei in

these evaluations.
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