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Abstract:

Firstly, according to the regulation of growth and decay of radioactive nuclides produced in

reactions, a formula used to calculate the total activation cross section of all possible reactions producing the

same radioactive nuclide for the same element is deduced, and it is pointed out that the activation formula given

in two references is incorrect. Then, as an example, the so-called total activation cross section in one of the

two references is analyzed and the correct results of the cross sections of ¥2W (n,p)82(m+8) Ta, 183W(n,p)**3Ta
and 2°°Pb(n,0))?°*Hg induced by neutrons around 14 MeV calculated with the data given in the literature, the
nuclear parameters and some evaluated values are given. Finally, the correct results are compared with other

values collected in the literature.
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1 Introduction

Cross sections are the foundational gist of test-
ing the nuclear theory; they are also the basic data,
which can be utilized in nuclear technology and nu-
clear power and, therefore, accurate measurement of
them is very important. However, in practice, cross-
section measurements can be influenced by many fac-
tors, such as the interactions of all possible reactions,
y-rays with close energies, the interference of an ex-
cited state on the ground state, cascade coincidence,
self-absorption and so on. All the above problems
need to be resolved. As to the interactions of all
possible reactions producing the same radioactive nu-
clide for the same element with several stable nuclei,
this can be solved by using the common method of
neglecting the effect of the smaller reaction cross sec-
tion or deducting the effect indirectly when the bigger
cross section is calculated. The Refs. [1, 2] reported
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the total activation cross section of all possible reac-
tions producing the same radioactive nuclide for the
same element induced by neutrons around 14 MeV on
three elements of nickel, tungsten and lead. The to-
tal activation cross section data induced by neutrons
around 14 MeV should be useful for the selection of
materials and the design of fusion power reactors and
related fusion energy devices, but the method of cal-
culating and the result in Refs. [1, 2] are incorrect.
In this paper, firstly, according to the regulation
of growth and decay of radioactive nuclides produced
in reaction [3, 4], a formula used to calculate the to-
tal activation cross section of all possible reactions
producing the same radioactive nuclide for the same
element is deduced, and it is pointed out that the
activation formula given in Refs. [1, 2] is incorrect.
Then, as an example, the so-called total activation
cross section in Ref. [1] is analyzed and the correct
results of the cross sections of 82W(n,p) 82(m+&)Tq,
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183W(n,p) ®*¥Ta and **°Pb (n,x) *°*Hg induced by
neutrons around 14 MeV are calculated with the data
given in Ref. [1]; the nuclear parameters [5] and some
values [6], are given. Finally, the correct results are
compared with the other values collected in the liter-
ature.

2 The formula used to calculate the
total activation cross section and as-
sociated discussions

According to the regulation of growth and decay
of radioactive nuclides produced in reactions [3, 4],
the following formula can be deduced to calculate the

cross section [7]:
__ [SeLpKMD)y PAFC), Q)
* T [Sel,nKMD], [NAFC],

where the subscript 0 represents the term correspond-

ing to the monitor reaction and the subscript « cor-
responds to the measured reaction, € is the full-
energy peak efficiency of the measured characteristic
gamma ray, I, is the y-ray intensity, n is the abun-
dance of the target nucleus, M is the mass of sample,
D =e *1 —e~*2 ig the counting collection factor, t;,
t, are the time intervals from the end of the irradia-
tion to the start and end of counting respectively, A
is the atomic weight, C' is the measured full-energy
peak area, A is the decay constant, F' is the total cor-
rection factor of the activity: F'= f, X f. X f,, where
fs» fo and f, are the correction factors for the self-
absorption of the sample at a given gamma energy
and the coincidence sum effect of cascade gamma rays
in the investigated nuclide and in the counting geome-
try, respectively, K is the neutron fluence fluctuation
factor:

L
K=Y &;(1—e e | /(85),

where L is the number of time intervals into which
the irradiation time is divided, At; is the duration of
the ith time intervals, T; is the time interval from the
end of the ith interval to the end of irradiation, @, is
the neutron flux averaged over the sample in At;, &
is the neutron flux averaged over the sample in the
total irradiation time T" and S = 1—e~*7 is the growth
factor of the nuclide produced.

Suppose M1,, Moz, N3z, - -+ is the abundance of each
isotope of one element considered in a natural sample,
Ciz, Coy, Csy, -+ is their measured full-energy peak
area, respectively. According to Formula (1), we can
obtain the following formulas to calculate each of the

cross sections of all possible reactions producing the
same nuclide for the one investigated element:

[SeI,nK M Do), [NAF], Ch.
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e [Sel,nK M Doy [MAAF], Cs,
3z —

[Se[, KMD], [NAFCJy 13,

So the total activation cross-section formula of all
possible reactions producing the same radioactive nu-
clide for the one investigated element is:

Oy = 01z+02z+03z+"'

_ [SelynKMDol, [AAF], <CM

[Sel, KMD], AFCly \ n.

Cop  Cs,

=42 +> (2)
T2x N3z

And the total activation cross-section formula
given in Refs. [1, 2] is:
[Sel, KM D), [NAFC], 3)
o
[SeI, KM D], [NAFC], ”

[

in the case of 1y =1, such as the monitor reaction is
9Nb(n,2n) °>"Nb or 2" Al(n, «)**Na, Formula (3) can
be written as:

[Sel,nK M Do, [NF],
[Sel,(m+mnz+ns+--)KMD], [NAFC],

[SeI,nK MDo), [AAF],
[SeI, KMD], [MNAFC],

(Clx

O, =

Xclx+02z+03:c+"'
nlz+n21+n3z+ ’

where 171, + 725 + N3z + - - =100%=1.

It can be seen from Formula (4) that Formula (3)
imported the sum of the abundance of each isotope of
the investigated element in a natural sample, instead
of without the abundance of the target nuclide, and
that the total activation cross section from Formula
(3) or (4) is much smaller than that from Formula
(2). Furthermore, it can also be seen from Formula
(2) that it is impossible that the total activation cross
section of all possible reactions producing a certain
radioactive nuclide for one element can be obtained
by means of single experiment when samples of nat-

(4)

ural abundance are used.

It must be pointed out that several possible re-
actions producing the same nuclide rarely happen in
an experiment due to the threshold energy and so
on. So it is necessary to analyze all sets of circum-
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stances, such as which reactions are possible, which
interferences or effects can be avoided, neglected or
deducted and so on, in order to gain accurate and
credible cross-section values.

3 Results and discussion

The cross sections of 82W(n,p)'82(m+&)Ta,
183W(n,p)'®3Ta and 2°°Pb(n,a)?***Hg should be ob-
tained from the those of W(n,x) ' Ta, W(n,x)**Ta
and Pb(n,x)?*3Hg, respectively in Ref. [1].

In samples of natural abundance, the isotopic
abundance of tungsten [5]:

SOW-0.13%, 'W- |

26.3%, W-14.3%, $*W-30.67%, °W-28.6%. In
fact, the W(n,x) '¥Ta reaction is made up of
182W(n,p) 182m+8)Ta, 83W(n,d+np) 82m+8)Ta and
184W(n,t+nd+2np) #2m+&)Ta. The cross sections
of 2W(n,p) ®2(m+&)Ta were calculated by For-
mula (1) deducting the contribution of *¥W(n,d+
np)#2m+e) Ty reaction with the data of Ref. [1] and
the evaluated values [6], at the same time neglect-
ing the contribution of *® W (n,t+nd+2np) 82m+&) Ty
reaction because of its tiny cross sections (pub), and
the results are summarized in Table 1 and plotted in
Fig. 1 together with the collected partial literature
values for comparison.

Table 1. Summary of the cross sections. (mb)
E,/MeV
»
reaction 13.540.2(0r+0.3) 14.440.2 14.740.2
182V (n,p)182(m+8) Ty 2.0240.14 2.7240.16 3.244-0.19
183\ (n,p) 183 Ta 3.88+0.22
206ph(n,a)203 Hg 0.98+0.07 1.2240.08 1.384+0.10
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Fig. 1. The cross section of 182\7\7(r1,p)182(m+g)Ta
reaction. Fig. 2. The cross section of '®W(n,p) ' Ta reaction.
The W(n,x) '®Ta reaction is made up of

183W(n,p) '#*Ta and ®*W(n,d+np) '*3Ta. The cross
sections of '®3W(n,p) ' Ta were calculated by For-
mula (1) deducting the contribution of '®*W(n,d+
np) '%3Ta reaction with the data of Ref. [1] and the
evaluated values [6], and the results are summarized
in Table 1 and plotted in Fig. 2 together with the
collected partial literature values for comparison.

In the natural abundance samples, the iso-
topic abundance of lead [5]: 2°*Pb-1.4%, 2°°Pb-
24.1%, 07Pb-22.1%, 2**Pb-52.4%. The Pb(n,x)**Hg
reaction is made up of 2°“Pb(n,2p) 2%*Hg,
206Ph(n,a)?Hg, 2°"Pb(n,n'x)?***Hg and 2°*Pb(n,
2no)**®Hg. As mentioned above, it is impossible that
all these reactions could be induced by neutrons aro-

und 14 MeV due to threshold energy and so on, and
the cross sections of 2°*Pb(n,2p) 2***Hg, 2°"Pb(n,n’ o)
203Hg and 2°*Pb(n,2na) 2**Hg are much smaller than
those of 2%Pb(n,x) 2**Hg reaction, the cross sections
of 2%Pb(n,x) 2°*Hg reaction were calculated by For-
mula (1) neglecting the contributions of 2***Pb(n,2p)
203Hg, 2"Pb(n,n') 2°*Hg and 2°*Pb(n,2n«) 2°*Hg,
and the results are summarized in Table 1 and plot-
ted in Fig. 3 together with the collected partial values
from the literature for comparison.

It can be seen from Table 1 and Figs. 1-3 that the
cross sections of 82W (n,p) 82(m+&)Ta reaction are
lower than literature values [8-11] except the cross-
section value at 13.5 MeV energy point which is in
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Fig. 3. The cross section of *°°Pb(n,x)?**Hg reaction.

agreement, within experimental error, with the result
of Ref. [12]. Most of the values from the literature
were not corrected to account for the possible contri-
bution of *¥W(n,d+np) ¥2(m+&)Ta reaction. For the

cross section of a ¥W(n,p) '#Ta reaction, the re-
sult is in agreement with that of Ref. [11], but lower
than other literature values [8-10]. The results on
the cross section of 2°Pb(n,«) 2°*Hg reaction are in
agreement with the data of Ref. [13], but higher than
other literature values [9, 14-16].

In summary, the so-called total activation cross-
section formula given in Refs. [1, 2] is not only that
of all possible reactions producing the same radioac-
tive product nuclide for the one investigated element
but also the specific cross-section formula of nuclear
reactions. As mentioned above, the total activation
cross-section formula of all possible reactions produc-
ing the same radioactive product nuclide for the one
investigated element is Formula (2), but it is impos-
sible that the total activation cross section can be
obtained by means of a single experiment when em-
ploying samples of natural abundance. The formula
for calculating the cross section is Formula (1).
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