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Abstract: Using Monte Carlo (with Geant4) and COMSOL simulations, the authors have defined
a useful tool to reproduce the alpha spectroscopy of 222Rn, 220Rn and their ionized daughters by
measurement systems based on electrostatic collection on a silicon detector, inside a metallic chamber.
Several applications have been performed: (i) simulating commercial devices worldwide used, and
comparing them with experimental theoretical results; (ii) studying of realization of new measurement
systems through investigation of the detection efficiency versus different chamber geometries. New
considerations and steps forward have been drawn. The present work is a novelty in the literature
concerning this research framework.

Keywords: radon detector; electrostatic collection; Monte Carlo simulation; Geant4; COMSOL;
detection efficiency

1. Introduction

Radon (Rn) is a natural radioactive gas present in the environment. Two are the
main isotopes: 222Rn (radon) with a decay half-life of 3.823 days, and 220Rn (thoron) with
a half-life of 55.8 s. Both are carefully studied worldwide by the scientific community
especially for radioprotection purposes [1,2] and for geophysical phenomena tracking [3,4].
These goals require measurement systems suitable for monitoring the gas isotopes. Various
methods for Rn detection have been developed throughout the years, those based on solid-
state nuclear track detection and electrostatic collection are the most widespread and used
nowadays [5]. The first method utilizes plastic devices sensitive to α-radiation emitted by
Rn and decay products, for mean long-term monitoring [6]. In the second method, naturally
ionized Rn daughter, inside a metallic chamber put to a high voltage, are electrostatically
driven on to the surface of a silicon detector set to ground potential, enabling the collection
of full alpha energies and obtaining high resolution α-spectrometry. The electrostatic
collection systems have optimal detection efficiencies; they allow the continuous detection
of the Rn by distinguishing both gas isotopes with their progeny [7]. Currently, three
are the main commercial devices for measuring environmental Rn concentrations based
on electrostatic collection (by diffusion or pumping the gas in the detection chamber):
RAD7 (Durrige Company, Billerica, MA, USA) [8]; RaMonA (University of Naples and
University of Campania-Caserta, Italy) [9]; Radim3A (Tesla Company, Pruhonice, Czech
Republic) [10]. Rn measurements and the development of new detection systems remain
popular topics [11]. Using of tools for the simulation is a required and useful part for the
complete evaluation and realization of such kind of Rn measurement systems. In particular,
it is necessary to reproduce the geometry of the system, and simulate the α-spectrum of the
Rn with progeny and the correspondent detection efficiency for each involved radionuclides.
This leads to being able to study the efficiency versus the different geometries of the system,
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in order to find the best experimental solution to be realized. Different Rn measurement
systems can, hence, be developed for several purposes. Tools for the simulation of the
particles passage through matter are based on Monte Carlo method, the major ones are
FLUKA and Geant4 [12]. Both can handle complex 3D-geometries using combinatorial
geometry algorithms.

In literature, papers focused on Rn monitoring only use commercial devices for
their purposes, without worrying about simulations [13,14]; while papers focused on
investigation of new Rn measurement systems only deal with the realization and the
testing of them without handling the simulation [15–17]. Within the research framework
of simulation of Rn detection systems, in particular those based on electrostatic collection,
very few studies are published, e.g., a low-cost monitor for the thoron [18,19] and radon [20]
measurement was designed. These studies obtained results by using FLUKA or Geant4
with restrictions due to the gaps of both simulation tools. In [19] only non-ionized 220Rn
atoms are simulated with FLUKA, while in [18,20] the efficiency of 220Rn and the spatial
distribution of 214Po ions were determined using Geant4 with a constant electric field inside
the metallic chamber. In fact, FLUKA does not allow to add the electric field, contrary
to Geant4 where it is possible but constant or as a function of spatial coordinates. For
these reasons, in the present work we introduce the COMSOL software, a powerful tool
for the resolution of problems at partial differential equations, which simulates an electric
field as gradient of the applied potential difference within metallic chamber and creates
the correspondent map useful for Geant4 input [21]. The aim of our work is to provide a
useful and standard methodology for the study of radon and thoron measurement systems
based on electrostatic collection by using Geant4+COMSOL simulation tools. The main
commercial devices will be simulated and the results compared with the experimental ones.
Due to the short 220Rn half-life, in works [18,19] emerge the importance of the realization
of systems for the direct detection of the α-particles produced by the non-ionized 220Rn
atoms, to avoid their energy loss before they reach the detector. Therefore, a simulation
study of the detection efficiency of 222−220Rn and their progeny versus different geometries
of measurements system is also performed.

2. Software

Geant4 (Geometry and Tracking, 4th generation) is the used software for the simulation
of the electrostatic detection of 222−220Rn and their progeny on a silicon detector inside a
high voltage metallic chamber. Geant4, a publicly available Monte Carlo toolkit developed
at CERN, is used to perform accurate simulations of the interaction and transport of
particles through matter [22]. Its fields of application include high energy, nuclear and
accelerator physics, as well as studies in medical and space science. Unlike the other
computational Monte Carlo codes, such as FLUKA, Geant4 is not an executable program but
rather a set of C++ class libraries for running, tracking, stepping and collecting information.
The version 10.7 of Geant4 for Windows platform, released in December 2020, has been used
in this work. COMSOL Multiphysics (or simply COMSOL) is used to simulate the electric
field generated within the metallic chamber walls of the Rn measurement system for the
electrostatic collection of the gas isotopes daughters. COMSOL is a finite element analysis
and free solver software package for various physics and engineering applications [21].
It includes an environment for modeling any physical phenomenon that can be described
using ordinary (ODEs) or partial differential equations (PDEs). Electrostatic module of
COMSOL has been used to determine the values of the electric fields, as potential gradient,
to be used in Geant4. COMSOL version 5.5 for Windows platform, released in February
2020, has been used in this work. Geant4 provides several widget toolkits for creating
graphical user interfaces and visualization system of results. Qt application has been chosen
being fast, smart and open-source. Moreover, a Matlab code has been developed and used
to plot the spectrum data obtained with Geant4+COMSOL simulation and for the statistical
analysis of the results.



Appl. Sci. 2022, 12, 507 3 of 11

3. Methods and Simulation
3.1. Decay Process and Electrostatic Collection

222Rn and 220Rn decay by emitting α-particles with energy of 5.49 MeV and 6.30 MeV
respectively. 222Rn α-emitter daughters are 218Po (6.02 MeV) and 214Po (7.68 MeV); while
those of 220Rn are 216Po (6.77 MeV), 212Bi (6.09 MeV) and 212Po (8.77 MeV). The α-particles
in air lose some or all of their energy before to hit the detector, except those emitted nearby
that can be detected with full energy [23]. It is well known that the daughter nuclei of 222Rn
and 220Rn become positively charged in air: at atmospheric pressure and temperature, with
a standard relative humidity of 45%, the fraction of ionized daughters of radon e thoron is
88%, the remaining 12% are neutral [24]. Therefore, it is possible to electrostatically collect
the 88% part that will decay with full α-energy on detector, inside a metallic chamber. To
achieve the electrostatic collection, a high potential difference is applied between chamber
and detector: an electric field is formed inside the detection chamber and the positive
charged ions can be collected on the detector surface grounded. Instead, 222Rn, 220Rn
and about their 12% daughters are neutrally charged in air; a direct detection of them
is possible and the emitted α-particles arrive with energy depending on the sizes of the
chamber [18,24].

From the simulation point of view, to reproduce the physical process above described
in Geant4, the pre-package physics list QGSP_BERT_HP, recommended for low energy dosi-
metric application, is used, which contains the process G4RadioactiveDecay to simulate ra-
dioactive decay processes. The radionuclides production is made by G4VUserPrimaryGenera-
torAction class, where through the use of the GeneratePrimaries() method they are defined
by specifying the atomic number, mass number, ion charge and excitation energy. Each
radionuclide is simulated separately, distinguishing between ionized and non-ionized and
respecting the percentage proportions of the decay chain to which it belongs. For our
purposes, 222−220Rn and their progeny are generated randomly with a uniform probability
density function (PDF) within the whole chamber volume. This is performed with the
random number generator by G4UniformRand(). Emitted α-particles produced during
decay are generated by choosing a random emission direction in the whole 4π solid angle.

3.2. Geometry of Measurement System and α-Detector

The measurement system consists of a silicon detector that is an active element and
a metallic chamber, of with different shapes and dimensions, in which the detector is
mounted. Since high voltage is applied to the chamber walls, the detector and the chamber
are electrically isolated by means of a thin polyethylene layer wrapping the detector non
active surfaces [20]. Silicon detectors are known to trap α-radiation and to measure the
effect of incident charged particles. They provide high-resolution; the electrostatic transport
allows high-efficiency alpha spectroscopy and very low background.

From the simulation point of view, to design the system geometry and define the
materials in Geant4, the Construct() method is used by the G4RunManager class. Materials,
the ‘world’ environment and all components must be defined. Firstly, the creation of the
‘world’ environment is required as physical volume that represents the experimental area
and contains all other components. Inside the ‘world’, the shape of the system with the
detector can be defined, by G4VSolid class. This class has several preset shapes already
implemented, such as parallelepiped, hemisphere and cylinder with G4Box, G4Sphere and
G4Tubs respectively. The volume inside the system, where the investigated radionuclides
move, is filled by air. The G4Material Data-Base allows choosing the material to be assigned
to the system components. The silicon detector uses G4_Si material; the air volume uses
G4_AIR, which is surrounded by a metal grid made of G4_Fe material. The insulator, made
up by G4_POLYETHYLENE, is placed between detector and metal grid. The 3D-coordinates
of the system within the ‘world’ are defined by G4VPhysicalVolume. The silicon detector is
made sensitive to α-radiation by SensitiveDetector+HitsCollection tools.
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3.3. Calculation of the Electric Field with COMSOL

In order to electrostatically drive the 222−220Rn progeny ions on the silicon detector,
a specific high voltage (V) is applied to the metallic walls of the chamber to generate an

electric field (
→
E) between them and the detector surface, according to the following PDEs:

→
E = −

→
∇V (1)

→
∇·(ε0 εr

→
E) = ρ [Gauss′s law] (2)

where ε0 and εr are respectively the dielectric constants in vacuum and relative to the
material, and ρ is the volume charge density [25]. In our case, high voltage equipment,
space charges due to ions are negligible (ρ = 0) and therefore the equation to be solved for
the dielectric media is: →

∇·[ ε0 εr (−
→
∇V)] = 0. (3)

The program solves (3) for voltage (potential) distribution V over user defined domain
with sources and boundary condition.

From the simulation point of view, in COMSOL it is necessary to reproduce the
same geometry and materials of the measurement system defined in Geant4, so that the
dimensions coincide. This is essential in order to avoid code errors of the interaction
between the two simulation tools. The COMSOL panel control is well organized and
particularly intuitive: with the ‘Model Tree’ command it is possible to edit each step of
the whole simulation process, i.e., defining 3D-geometry and materials of the system,
specifying the PDEs that describe the physical phenomenon, solving the PDEs and then
obtaining the solutions. By using Geometry Tool of ‘Model Tree’ command it is possible to
introduce several geometrical shapes (such as blocks, cones, cylinders, spheres) for the
realization of the system components. The materials of the objects previously created is
performed using the Materiel Library provided by the software. A defined high voltage
is applied to the metallic walls of the chamber, and the optimal bias voltage (to ground)
is applied to the detector (25 V). The involved PDEs, above described, for the generation
of the electric field are selected by Electric Potential Tool. Then, it is possible to start the
simulation by Run command. The data that the user can save and plot are stored in the
Results section of the software. COMSOL simulates the flow rate of air sampling assembly,
electric field map and particle trajectories in the 3D-geometry. Using the 3D Plot Group, the
simulated potential distribution and the electric field spatial distribution can be obtained
respectively. The electric field map, to be used in Geant4, is exported to a text-file by using
the command Copy Plot Data to Clipboard. The field map contains the coordinates and the
value of the electric field in the chamber volume.

3.4. Simulation and Spectrum Formation

Once the electric field map is created (Section 3.3) and fed to Geant4 simulation
(Sections 3.1 and 3.2), it is possible to launch the application by using/run/beamOn command
with 108 primary starting particles source (enough to make small the error). The developed
simulation is time-independent; this means: (i) Rn diffusion processes in the system are
not taken into account and, hence, each radionuclide is originated in the whole volume;
(ii) the equilibrium between parent and daughter radionuclides is assumed (after ~4 h
for 222Rn, and after ~4 days for 220Rn). The simulation results are used to generate an
energy spectrum. The G4AnalysisManager class is used to create and fill a 1D-histogram
(the spectrum) of the energy deposited per event for sensitive detector volume.

These data are stored in a CSV-file for each individual radionuclide; then, they are
combined together into a single file using specially developed Matlab code.

4. Results and Discussion

Worldwide-used commercial devices for Rn detection, based on electrostatic collection,
have been simulated with our developed procedure by using Geant4+COMSOL. The results



Appl. Sci. 2022, 12, 507 5 of 11

will be compared with the experimental ones provided in literature and/or stated by the
manufacturer company. The simulated devices are:

• RAD7 (Durrige Company, USA), likely the most known and used, consisting of a
hollow hemispherical metallic chamber of 700 ± 5 cm3 volume, with a silicon surface
barrier detector, having a 300± 1 mm2 circular active area, centered on the bottom [26].

• RaMonA (University of Naples and University of Campania-Caserta, Italy), consist-
ing of a 785 ± 8 cm3 hollow cylindrical metallic chamber, 10.0 ± 0.1 cm high and
10.0 ± 0.1 cm diameter, with a silicon surface barrier detector, having a 50.0± 0.4 mm2

circular active area, centered on the top [27].
• Radim3A (Tesla company, Czech Republic), consisting of a hollow hemispherical

metallic chamber of 830 ± 5 cm3 volume, and a silicon surface barrier detector, having
a 450 ± 2 mm2 circular active area, centered 1 cm below on the bottom [10].

The sampling of the measuring air takes place by diffusion of 222−220Rn inside the
chamber in Radim3A; inside RaMonA the air is pumped; while RAD7 works in both ways.
The high voltage power circuit of the three systems charges the metallic chamber to a
potential of 2500 V for RAD7, 2000 V for Radim3A, and 3500 V for RaMonA, creating an
electric field throughout the volume that propels 222−220Rn positively charged particles
onto the detector [8–10].

In all systems, the detector is insulated in a plastic holder. The systems have an experi-
mentally estimated detection efficiency of 218Po (about the same assumed for 216Po [23]) of:
0.007± 0.001 cpm·m3·Bq−1 (0.11± 0.03 cps·L·Bq−1) for RAD7, 0.8± 0.1 count·m3·Bq−1·h−1

(0.22 ± 0.02 cps·L·Bq−1) for Radim3A, and 0.047 ± 0.005 cps·L·Bq−1 for RaMonA [26,27].
Considering the volume of the three chambers, the systems have 218−216Po detection effi-
ciency of: 16 ± 4% for RAD7, 27 ± 3% for Radim3A, and 6 ± 1% for RaMonA.

Geant4+COMSOL simulation reproduce the geometries of the three investigated
measurement systems, with the specific features of the electric field generated inside the
chamber. The thicknesses of the metallic chamber, the detector insulator holder and the
detector sensitive surface are set at 1 mm, 2 mm and 500 µm, respectively (not affecting the
simulation). In Figure 1 are reported the 3D-model geometry of the three Rn measurement
systems in Geant4, together with the correspondent simulated electric potential spatial
distributions and electric field flow lines inside the metallic chamber by COMSOL.

An example of spectrum of mixed atmospheres of 222Rn + 220Rn from Geant4+COMSOL
simulation in the RaMonA device is reported in Figure 2, compared with an experimental
one [23,28].

The simulated efficiency, obtained by the spectrum from Geant4+COMSOL, is com-
puted as the ratio between the alpha particles detected on the Silicon detector and the
number of alpha primary starting particles generated in the detection volume of chamber.
The efficiency uncertainty comes from the propagation error of both elements of the ra-
tio [19], where the numerator error is the square root of the counts sum. The efficiencies of
the three measurement systems obtained by Geant4+COMSOL are the following: 16 ± 2%
for RAD7, 5 ± 2% for RaMonA, and 28 ± 3% for Radim3A. These results are perfectly
consistent, considering the uncertainties, with the experimental ones provided in literature
and/or stated by the manufacturer, which are 16 ± 4% for RAD7, 6 ± 1% for RaMonA, and
27 ± 3% for Radim3A.

A further study has been performed to simulate, by Geant4+COMSOL, two different
versions of RaMonA system, called Ramonino and Ramonello, used in diffusion mode re-
spectively as the reference monitor in the Rn exposure facility of Universities of Naples and
Campania, and referred to the ENEA (National Metrology Institute of Ionizing Radiation
Metrology in Italy) respectively [29–33]. Ramonino and Ramonello consist of 190 ± 4 cm3

and 300 ± 5 cm3 hollow hemispherical metallic chambers with silicon surface barrier
detectors, having a 50.0 ± 0.4 mm2 and 100 ± 1 mm2 circular active area, on the bottom,
respectively [28]. The basis of the hemispherical chamber of both systems has a hole for
the detector (insulated in a plastic holder). A high voltage of 1500 V is applied to the
metallic chamber of both systems, to electrostatically collect 222−220Rn ionized daughters



Appl. Sci. 2022, 12, 507 6 of 11

on the detector. Experimentally, the measurement systems have a 218−216Po detection
efficiency of: 0.0108 ± 0.0003 cps·L·Bq−1 for Ramonino, and 0.0275 ± 0.0008 cps·L·Bq−1

for Ramonello [28]. Considering the volume of the two measurement chambers, Ramonino
and Ramonello have 6.0 ± 0.2% and 9.0 ± 0.3% of 218−216Po detection efficiencies. In ad-
dition, in this case, the simulated efficiencies of Ramonimo and Ramonello, i.e., 6 ± 1%
and 8 ± 2%, by Geant4+COMSOL agree within uncertainty with the experimental ones.
No figures of the Ramonino and Ramonello systems are shown because they are in [28]
and, also, have geometries similar to those of RAD7 and Radim3A and, therefore, from the
simulation point of view they would have been similar and brought only an overload of
repetitive figures.
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Figure 1. Schematic view of the Geant4 and COMSOL simulations of the three main worldwide
commercial 222−220Rn measurement system RAD7 (a), RaMonA (b) and Radim3A (c). For Geant4 are
shown the 3D geometry and simulation of the primary starting particles source; for COMSOL are
shown the simulated electric potential spatial distributions and electric field flow lines.

Based on all previous considerations, a new Rn monitoring device (Ramonetto) has
been designed and realized to be used in diffusion mode as new improved reference
monitor in the Rn exposure facility of Universities of Naples and Campania. It consists of a
1072 ± 3 cm3 hollow hemispherical metallic mesh chamber with a silicon PIN photodiode
detector, having a 784 ± 2 mm2 square active area, on the bottom (insulated in a plastic
holder). A voltage of 2500 V is applied to the metallic chamber to electrostatically collect
222−220Rn ionized daughters on the detector. The measurement system has a high 218−216Po
detection efficiency of: 0.25 ± 0.03 cps·L·Bq−1, and 24 ± 3% considering the volume of
the measurement chamber. Again, the efficiency of the new device is consistent with the
simulated one of 23 ± 4% by Geant4+COMSOL. The experimental efficiency of Ramonino,
Ramonello and Ramonetto were obtained using 222Rn + 220Rn mixed atmospheres realized
by calibrated sources of a pylon RNC-RN-1025 226Ra for 222Rn, and 232Th salts for 220Rn [28].
Figure 3a shows Ramonetto measurement system. It is worth mentioning that to choose
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the right high voltage value to be applied to the chamber walls of Ramonetto, experimental
and simulated tests have been carried out on the 218Po counts per seconds (cps) versus
the applied voltage value. As seen in Figure 3(a.1), the value of 2500 V has been chosen
since the maximum cps saturation is reached. As Ramonetto geometry shape is equal
to those of RAD7/Radim3A, no figures of Geant4 and COMSOL are shown being the
simulations similar.
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Figure 2. Experimental (a) and Geant4+COMSOL simulated (b) spectrum of 222Rn (6344 ± 541 Bq) +
220Rn (3258 ± 356 Bq) mixed atmospheres in the RaMonA measurement system [23].

Referring to the work [18] that presents a new reference measurement system (Sabot
chamber) mainly focused on the 220Rn (and also its ionized progeny) direct detection by
diffusion, small enough to reduce as much as possible the energy loss of the non-ionized
220Rn alpha particles before they reach the detector (due to 220Rn short half-life of 55.8 s),
we reproduced experimentally and by simulation that chamber. The Sabot chamber is a
1 cm high metallic chamber with a surface composed of a silicon detector of diameter 4 cm:
the active volume is 13.0± 0.1 cm3. With 1000 V potential applied to the chamber, the 220Rn
efficiency value is 35 ± 2%, by using a Pylon 228Th source to create a 220Rn atmosphere [18].
We have made a similar chamber (RadonSmall, Figure 3b) using a hallow parallelepiped
metallic mesh chamber, having a volume of 7840 ± 8 mm3. A silicon PIN photodiode
detector, having a square active area of 784 ± 2 mm2 and insulated in a plastic holder, acts
as a basis. By using 220Rn atmosphere realized with a calibrated source of 232Th salts, and
by applying a voltage of 200 V on the metallic walls of the chamber, the 220Rn detection
efficiency is 24 ± 2%. In addition, for RadonSmall, to choose the best voltage value to be
applied to the chamber walls, experimental and simulated tests have been carried out on
the 216Po counts per second (cps) as the applied voltage varied, to reach the maximum
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cps saturation. The 220Rn efficiency by Geant4+COMSOL simulations (Figure 3(b.1))
gives the values of 23 ± 4%, in agreement with the experimental one. It is important
to point out that in Sabot chamber and in RadonSmall, the non-ionized α-particles peak
of 220Rn is obtained with the procedure described in [18,19]: subtracting from the total
spectrum (220Rn + 216Po + 212Bi + 212Po) the spectrum collected after eliminating the 220Rn
and consisting of 212Bi + 212Po that is achieved simply by removing the 228−232Th source.
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Figure 3. Ramonetto measurement chamber (a) and the graph of the experimental and simulated
tests for choosing the best HV to apply (a.1). RadonSmall chamber, based on the prototype in [18] (b),
with the correspondent Geant4+COMSOL simulations (b.1): Geant4 geometry and primary starting
particles source (top), COMSOL electric potential and electric field (bottom).

Strengthened by all previous results, a final investigation has been conducted with the
aim of simulating the detection efficiency of 222−220Rn and their progeny (218−216Po) versus
different sizes of the three main geometries of the electrostatic collection measurements
system (i.e., parallelepiped, cylinder and hemisphere), also varying the applied voltages.
The silicon PIN photodiode of 784 ± 2 mm2 square active area is fixed as detector in
each simulation, always insulated in a plastic holder. Table 1 shows the obtained results.
The main conclusions are: (i) detection efficiency is strongly dependent on the size of the
chambers and on the voltage value applied to obtain electrostatic collection; (ii) detec-
tion efficiency decreases as chamber’s height and/or radius increases, in agreement with
the theoretical result that the detection efficiency of a radioactive source decrease as the
distance source-detector increases; (iii) 222−220Rn efficiency depends on the height of the
chambers due to the fact that both isotopes do not ionize, contrary to 218−216Po ions that
are electrostatic collected, therefore, small chambers in height ensure the collection of the
α-particles of non-ionized 220−222Rn nuclei; (iv) the electric field inside the chamber is not
strong enough to collect all the ions with low voltage value, while increasing the voltage
the electric field intensifies and most of the ions are collected till the efficiency saturation
is reached.
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Table 1. Efficiency results of 222−220Rn and 218−216Po from the Geant4+COMSOL simulations of
measurement systems based on electrostatic collection of α-particles, by varying the size of the
collection chambers and the high voltage applied to the metallic walls of the chambers.

Chamber (r = radius,
h = height, s = side) [mm]

High Voltage [V]
Uncertainty = ±5 V

218−216Po Efficiency [%]
Mean Uncertainty = ±2%

222−220Rn Efficiency (%)
Mean Uncertainty = ±2%

Parallelepiped—h = 10, s = 28 70 120 200 350 500 26 30 31 32 31 23
Parallelepiped—h = 40, s = 28 350 500 700 900 1000 16 19 23 24 24 7

Hemisphere—h = 20, r = 20 50 100 200 350 500 18 25 30 35 35 28
Hemisphere—h = 30, r = 30 100 200 400 600 800 13 18 23 27 27 13

Cylinder—h = 10, r = 20 70 120 200 350 500 19 26 29 29 28 25
Cylinder—h = 40, r = 20 350 700 800 950 1100 7 9 15 14 14 6

High Voltage [V]
Uncertainty = ±5 V

Chamber (r = radius, h = height, s = side)
[mm]

218−216Po Efficiency [%]
Mean Uncertainty = ±2%

222−220Rn Efficiency (%)
Mean Uncertainty = ±2%

350
Parallelepiped s = 28

47 43 26 21 13 44 37 14 9 6h = 1 h = 5 h = 20 h = 30 h = 45

350
Cylinder r = 20

38 33 22 14 6 34 29 13 8 4h = 1 h = 5 h = 20 h = 30 h = 45

500
Cylinder h = 10

39 32 23 16 11 36 30 24 20 15r = 10 r = 15 r = 25 r = 30 r = 35

500
Hemisphere

42 37 31 20 13 38 31 24 10 5r = 10 r = 15 r = 25 r = 35 r = 40

The overall results of the present work, prove the proper and correct working of
the developed Geant4+COMSOL procedure in simulating measurement systems for the
detection of 222−220Rn and their ionized progeny by electrostatic collection on a silicon
detector, inside a metallic chamber.

5. Conclusions

The present paper provides, for the first time in literature, a useful tool to design and
study, by simulation, the Radon and Thoron measurement systems based on the electrostatic
collection of the α-particle progeny. The proposed tool is a simulation procedure that
uses a Monte Carlo method (Geant4) combined with a mathematical modeling software
for solving partial differential equations (COMSOL) to recreate the entire process of Rn
detection. Geant4 is for the interaction and transport of α-particles through matter, while
COMSOL determines the values of the electric fields applied to the collection chamber. To
validate the tool, in this work we simulated worldwide commercial devices and compared
our results with known experimental ones; then, we studied new measurement systems to
optimize the chamber geometry and to obtain the best collection efficiency. The following
achievements have been obtained: (1) the simulation tool gives results in agreement with
those from the experiments, both in efficiency and in measurement spectrum; (2) based
on the simulations, new devices were realized having efficiency greater than 20% and
high counting rate for measuring directly Rn isotopes and their progeny; (3) a functional
datasheet that compare the detection efficiency of 222−220Rn and their progeny (218−216Po),
the different collection chamber geometries, and the dependence from the applied voltages.
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