Modelling of the Setup for Carbon Analysis of Soil Sample
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Accurate determining the concentration of carbon in soil today remains an important
task for various fields of science. The special role of soil in food production, as well as its
participation in regulating the chemical composition of the atmosphere, makes it necessary to
research it. Chemical methods are commonly used to determine carbon concentration in soil,
but they require specific preparations. Nowadays, nuclear physics offers new methods of soil
research, based on so-called neutron gamma analysis. This method involves irradiating the
material with neutrons and measuring the characteristic gamma peaks' energies for a
particular isotope. By the area of gamma peaks, it is possible to determine the amount of a
substance in a sample.

There are two different types of typical system for neutron gamma analysis: mobile
setup [1], which can move on field collecting data and stationary setup researching a
specimen of material[2]. These configurations consist of a neutron source, a gamma detector
(detectors), electronics, and a data acquisition system.

When substances are irradiated with neutrons with the energy of 14 MeV, characteristic
gamma peaks occur. The gamma spectrum provides information about the chemical
composition of the substance. To determine carbon, a peak corresponding to neutron inelastic
scattering on '2C  with energy of 4440 keV is used.

Calculations of the spectra and installation simulation are done in the Geant4, a toolkit
that models the passage of elementary particles through matter using the Monte Carlo method,
developed at CERN.[3] Modelled spectra in Geant4 sometimes demonstrate notable
deviation from the experimental data. However, this issue can be resolved by separately
modeling neutron transport and generating gamma-quantum. This work involves computer
modelling of the setup for carbon analysis of soil sample in toolkit Geant4.
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