SSRG International Journal of Applied Physics
ISSN: 2350 — 0301 /doi:10.14445/23500301/ JAP-V713P109

Volume 7 Issue 3, 54-56, Sep-Dec 2020
© 2020 Seventh Sense Research Group®

Earthy source of natural neutrons

Anatoly Gusev?, Inacio Martin?

! Department of Space Geophysics, Space Research Institute of the Russian Academy of Sciences (1K) Moscow, Russia
2 Technological Aeronautics Institute — ITA, Sdo José dos Campos, SP, Brazil

Abstract - a process of neutron production s decay of the
soil radon was simulated with Geant4 Monte Carlo toolkit.
It is shown that such a source significantly weaker being
compared with that of the cosmic ray albedo origin.
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I. INTRODUCTION

The main part of the atmospheric neutrons of the natural
origin is produced by showers initiated by cosmic rays. At
smaller than 1 km distances from the ground, the neutron
flux is added with one more component namely albedo
neutrons. These are neutrons of the same atmospheric
origin but scattered and moderated in the soil or produced
by cascade energetic particles in nuclear reaction with the
soil substance. The albedo flux constitutes a distinct peak
of thermal (=2.5-10® MeV) and epithermal energies
(=2.5-108-4.-10"MeV) in the lethargy (i.e., neutron
fluxxenergy vs. energy) spectrum [1] increasing as the
distance from the ground decreases.

Several papers were published in the last years
assuming natural underground radon as one more source of
detectable fluxes of atmospheric neutrons. Such neutrons
are born in (a,n) reactions of a-particles produced in the
decay chain of radon isotopes with soil components. This
hypothesis was used to relate observed variations of
atmospheric neutron flux with various geophysics
phenomena [e.g. 2-14]. However, no quantitative
estimation of the hypothesis has been performed yet. This
paper presents results of simulation of the process of
neutron production started with a decay of radon isotopes
and subsequent propagation of the neutrons to the ground
surface. The simulation was performed on the base of
Geant4, a widely used Monte Carlo toolkit for the
simulation of the passage of particles through matter [15].

Il. SIMULATION MODEL

The decay chains of the natural 2°Rn and %?Rn isotopes
resulting in the emission of monoenergetic a-particles are
shown in Table 1. Decay rates of radon progenies are
controlled by the radon isotope concentration is the same
within each chain due to secular equilibrium. In this
simulation velocity directions of the decay, a-particle were
distributed isotopically.

The number of produced neutrons in (a,n) reaction
depends on chemical soil composition (see. Table 2). One
can see that only three elements (Al, Ca, and Na) own a
noticeable cross-section. The soil density was assumed to
be 1 g/cm®.

Table 1. Decay chains of the natural radon isotopes

Isotope 20Rp _, 216pg _, 212Bj_, 212py _, 208pp
ety Mev| 63 68 | 61 | 47 |Stable

Isotope  |??Rn — 28pg — 214pg — 210py _, 206p)
erolcépggi(l\:/lleev 55 60 | 769 | 53 |Stable

Table 2. Soil composition used in the simulation
Element O | Si |Al |Fe |[Ca|Na| K |Mg|Others

Abundance, %(46.6|27.7 |8.1|5.0{36 |2.8{2.6(2.1| 1.5

Cross-section
at 68MeV, mb 0 0 |100/ 0 |50 (180 O | O

I1l. RESULT AND DISCUSSION
Because of very short ranges of the a-particles born, they
produce neutrons or/and stop practically in a point of
decay. The total spectra of the neutrons produced by o-
particles specified in Table 1 are shown in Fig.1.

During successive scattering in the soil, some a part of
the neutrons reaches the ground surface and egress to the
atmosphere. A probability of that depends on a depth where
(o, ) reaction occurred (see Fig. 2).
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Fig.1 Total neutron spectra produced in reactions of a-
particles from radon isotopes decay with soil.
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Fig. 2 A probability of a neutron escape from the
ground from different ground depths. The numbers
next to the curves mark neutron production depths in
cm.
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Fig. 3 The spectra of the radon decay origin neutrons
egressed from different deptahs. The numbers next to

the curves mark the depths of the neutron production in

cm.

One can see that the 3-meter depth is maximal from
which the neutrons have a chance to reach the ground
surface.

Fig.3 shows how the neutron spectra produced in radon
decay chains (see Fig. 1) at various depth transform by the
time they reach the ground surface

The resulting spectrum at the surface is obtained
integrating over the depth a product of neutron production
rate by spectra at the surface shown above. The maximal
soil radioactivity is supposed to be about a rate of 10°
Bg/m®. Fig.4 presents the corresponding result is in a
standard form of a lethargy spectrum compared with
experimental data [1].

It is seen that both spectra have maxima at the thermal
energy range where a difference between them is minimal
and reaching more than three orders of magnitude.

It is interesting to compare the result obtained in Fig.1
with analytical estimation using explicit experimental data
on (o,n) reaction in aluminum. One need for than to
integrate several neutrons produced by a particle along with
its range. Eq.1 describes a process of decrease of a particle
energy E and
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Fig. 4 The simulated lethargy spectrum of the neutrons
of the ground radon origin
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Fig. 5 Energy dependence of (a,n) reaction cross-section in Al

corresponding cross-section o(E) [15] (Fig.5) during its
passage through a matter of density ps, (here P(E) and
V(E) are stopping power and velocity energy dependencies
respectively).

Ee() = P(E,() Vo (Ea(®))  ps (Eq.1)
Then a resulting number of the neutrons produced by one
particle is an integral of a product o(E(t))-V(E(t)) over the
particle range time multiplied by several atoms per 1 cm®,
For an a-particle of 6.8 MeV energy, it is 2 ps. Assuming
ps = 1 g/lem® and the maximal known radon concentration
in soil of 108 1/cm?® we obtained a production rate of 1.5-10°
4 per an a-particle. Despite such an exact match with the
simulated value (Fig.1), this only a reasonable agreement,
because the estimate was made for pure aluminum without
consideration of real soil composition.

IV. CONCLUSIONS

A simulation of production and propagation of the neutrons
produced in the ground as a result of the decay of natural
radon shows that such a source cannot provide a noticeable
flux being compared with those of the albedo neutron.
Analytical estimation based on experimental (o,n) cross-
section is in reasonable agreement with the result of the
Geant simulation.
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