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• Fast neutron induced nuclear reaction cross section data are necessary for both nuclear
energy technology and the understanding of fundamental nuclear physics
problems.

Radioactive nuclides produced in the reactor usually have short half-life.

So, direct measurement of their neutron cross sections is difficult. Therefore, model formulae are
important to predict these cross sections theoretically.

• Biomedical applications such as production of radioisotopes and cancer therapy:
100Мо(n,2n)99Мо

• Accelerator driven transmutation of the long-lived radioactive nuclear wastes to short
lived or stable isotopes

• Material irradiation experiments concerning research and development for fusion
reactor technology.

• Study on the existence of Dineutron.

Introduction

ISINN-28 online seminar, May 27, 2021. 3



• In this work, in the framework of the statistical model we deduced some theoretical

formulae for the (n,2n) cross section using the evaporation model, constant nuclear

temperature approximation and Weizsäker’s formula for binding energy.

• Known experimental data of the (n,2n) cross sections at 14 - 15 MeV neutrons are

analyzed with the help of the obtained formulae.

ISINN-28 online seminar, May 27, 2021. 4

Introduction

The purpose of this work:
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Statistical Model formulae

Following formula, which is similar to Cuzzocrea’s et al. and Ericson’s formulas, is obtained: 

Here: σc(n) is the compound nucleus formation cross section; 

Sn and S2n are the spin of the incident neutron and emitted 2n respectively; 

Mn and M2n are the masses of the neutron and 2n respectively; 

Qn,2n is the reaction energy; 

V2n is the Coulomb potential for 2n; 

Θ is the thermodynamic temperature; 

2)()( nc Rn 

Here: R is the radius of the target nucleus;

ƛn is the wavelength of the incident

neutron divided by 2π.
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In the framework of the statistical model based on the Bohr’s assumption of a compound mechanism the cross 

section formula for (n,x) reaction is expressed as: 

G.Khuukhenkhuu et al. J NUCL SCI

TECHNOL, Supp. 2, Vol. 1, 2001, pp. 782-784.
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Reaction energy:

Statistical Model formulae

The Coulomb potential for neutrons V2n = 0. So, taking into account the spin and mass of neutrons from the formula (2) we get:
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Using the Weizsäker’s formula for binding energy we can obtain following expressions for the target and residual nuclei: 

(n,2n) cross section formula: .
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Statistical Model formulae

In the case of A >> 1 can be obtain the following formulae for systematical analysis of the (n,2n) cross sections:
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Here: Z and A are proton and mass numbers of the target nuclei; 

The parameters K and C are expressed as:
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Systematical analysis of (n,2n) reaction cross sections

In this paper the library of neutron cross sections known as EXFOR, IAEA.

We’ve analyzed 147 experimental (n,2n) cross section data at the neutron

energy of 14 – 15 MeV from EXFOR.
https://www-nds.iaea.org/exfor/
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Systematical analysis of (n,2n) reaction cross sections

Figure 1. The dependence of the reduced (n,2n) cross sections on parameter Z2/A2
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Discussions

A total cross section for fast neutrons can be approximated as following:
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197Au: 

127I: 

if we take into account the pre-equilibrium and direct mechanisms the total (n,2n) cross section can be obtained as follows:
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Discussions

Figure 2. The dependence of the reduced (n,2n) cross sections on parameter Z2/A2

The very heavy nuclei such as
238U, 232Th and very light nuclei
6,7Li, 9Be, 11B, 12C, 14N are

excluded from the consideration.

Also, double magic nucleus 40Ca

is not considered.
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Conclusions

1. In the framework of the statistical model a theoretical formula for the (n,2n)

reaction cross section was deduced. In addition, a non-statistical share of the total

neutron cross section was obtained.

2. Known experimental data of the (n,2n) cross sections for 14 – 15 MeV neutrons

were analyzed using the obtained formulae. It was shown that the non-statistical

share of the total cross section is in agreement with experimental data.
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Thank you for your 

attention
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