
Semi-empirical systematics for the (n, 2n) reaction
cross-sections around 14.5 MeV

Siddharth Parashari1,∗ Suraj K. Singh2, Bhargav Soni1, and S. Mukherjee1
1Department of Physics, Faculty of Science,

The Maharaja Sayajirao University of Baroda, Vadodara, Gujarat-390002, INDIA and
2Applied Physics Department, SVNIT Surat, Surat, Gujarat-395007, INDIA

Introduction

Nuclear reaction cross-section data are im-
portant due to its usability in reactor appli-
cations, dose estimation, rare isotope produc-
tion, radiation damage studies etc. The neu-
tron data around 14.5 MeV are vital for the
design of fusion reactors essentially for the
estimation of secondary particle production,
radiation damage to the first wall, toroidal
coils and surrounding materials [1]. Tremen-
dous amount of data are available at EX-
change FORmnat (EXFOR) library [2] related
to (n, 2n) reaction cross-sections for fusion
reactor applications. The data contains dis-
crepancies and irregularities due to the need
of relative measurements and to get mono-
energetic source of neutrons. Different au-
thors have used different techniques to mea-
sure the reaction data, which in turn reflect
in the enhanced uncertainties. Alongside the
experimental measurements, different theoret-
ical model codes have constantly being used
for the better prediction of the nuclear data,
which has been found suitable to many cases.
On the other hand, semi-empirical approaches
have also been applied to predict the data
more accurately [1]. It has been found that
the use of these systematic formulas result in
better description of the data and they even
predict the cross-sections for a large range
of nuclei. In the present work, a new semi-
empirical systematic formula has been devel-
oped to calculate and to predict the (n, 2n)
reaction cross-sections around 14.5 MeV inci-
dent particle energies for the nuclei with in
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the mass range of 45 ≤ A ≤ 232. The results
have been compared with the systematics pro-
posed by other authors [3–7] in previous years
and with the experimental data taken from
the EXFOR database for ≈ 14.5 MeV for dif-
ferent (n, 2n) reactions within the given mass
range.

Semi-empirical formula for (n, 2n)
reaction cross-sections

A general semi-empirical formula for (n, 2n)
reaction cross-section can be given as [3],
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where, T = (En/a)1/2 MeV is the nuclear
temperature with the level density parameter
a = (A/25) MeV −1. σR = πr20(1 + A1/3)2

is the reaction formation cross-section with
r0 = 1.4 fm. S2n and M2n are the spin sta-
tistical function and mass of emitted 2n parti-
cles, respectively. ac, aa, and a1 are coulomb,
asymmetric parameters and a constant respec-
tively.

Fitting of the (n, 2n) reaction
cross-section systematics

A good fit for the cross-section values ob-
tained by the present formula taking into ac-
count the odd–even effect correction is given
by the following formula:

y = P × exp(Qx+Rx2)
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FIG. 1: Ratios of the experimental cross-sections
to the cross-sections calculated with new system-
atic formula

where,

y = σ/(1 +A1/3)2; and x =
A− 2Z

A

the value for the constants P, Q and R were
found to be,

for Odd-A nuclei,

P = 0.004397; Q = 27.77; R = −82.26

for Even-A nuclei,

P = 0.001344; Q = 40.53; R = −116.5

Results and Discussion
The present systematic formula has been

developed for the prediction of the (n, 2n)
reaction cross-sections of different isotopes
within the atomic mass range 45 ≤ A ≤
232. The calculated cross-sections were tested
against the experimentally measured cross-
section data taken from the EXFOR library.
The ratio σexp/σcalc is plotted in Fig 1 for the
given mass range. It can be observed from
the figure that the results from the present
systematic formula show minor deviation from
the experimental data. To present a test case,
the (n, 2n) reaction cross-section is calculated
at 14.5 MeV for 100Mo isotope, which is vi-
tal for the production of most commonly used

medical isotope 99Mo, using the present and
the systematics from other authors [3–7]. The
results are shown in Table 1 and are also com-
pared with a recent study [8]. It is obvious
from the table that the present formula is suc-
cessful in order to reproduce the experimental
data satisfactorily.

TABLE I: A comparison of the 100Mo(n, 2n)99Mo
reaction cross-sections calculated from the present
work, systematics developed by authors [3–7] and
the average cross-section calculated using experi-
mental EXFOR data [2].

Author Cross-section (b)
σcalc σexp(EXFOR) Exp. Data [8]

Chatterjee 1.312

1.503± 0.045 1.422± 0.191

Lu and Fink 1.394
Luo 1.451

Bychkov 1.311
Habbani 1.255

Present Work 1.419

Acknowledgments
The authors thank the DAE-BRNS for the

sanction of a major research project (Sanction
Number: 36(6)/14/22/2016-BRNS) as well as
providing fellowship to the author (SP).

References
[1] A.Yu. Konobeyev, et al., Nucl. Instr. and

Meth. B 108 (1996) 233.
[2] IAEA-EXFOR experimental nuclear reac-

tion data base, http://www.nds.iaea.
org/exfor.

[3] F.I. Habbani, Khalda T. Osman, Appl.
Radiat. Isotopes 54 (2001) 83.

[4] J. Luo et al. Nucl. Instr. and Meth. in
Phys. Res. B 266 (2008) 4862–4868.

[5] S. Chatterjee, A. Chatterjee, Nucl. Phys.
A 125 (1969) 593.

[6] Wen-deh Lu, R.W. Fink, Phys. Rev. C 4
(1971) 1173.

[7] V.M. Bychkov, et al., Indc(CCP)-146,
NDS, IAEA, (1980).

[8] Siddharth Parashari et al., Phys. Rev. C
99 (2019) 044602.


