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Summary

This paper presents the use of swarm method for obtaining sets of cross sections on an
example of Neon gas (Ne). Cross sections for e/Ne interaction available in the LxCat database
were presented and discussed. The following three bases were selected: Biagi-v7.1, Morgan
and Siglo. We used Bolsig+ code to calculate reduced ionization coefficient (o/N), after which
calculated values were compared to measured values in the Dutton base. The swarm method
was demonstrated in the a/N example, where the Morgan cross sections set was used as an
entry parameter for calculation of coefficient.
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INTRODUCTION

Plasma is a natural phenomenon as more than 90% of the universe is in the state of
plasma. On the other hand, plasma can be artificially made and as such it found its application
in technology (e.g. plasma screens and light sources). For modification of biomaterial surfaces
low temperature plasma is used, which is sometimes also called cold plasma. Its characteristic
is low level of ionization at low or atmospheric pressure. Low temperature plasma has a wide
spectrum of application, from medicine where it is used, inter alia, in stomatology,
dermatology treatments and sterilization of medical equipment, to production and material
processing in industry (Walschus et al, 2011).

One way to develop plasma technology is mathematical modeling of processes and
interactions with different objects where it is crucial for the entry of parameters of plasma
models. The need for modeling appeared due to non-economical and technically complex
procedures related to processes of generating and applying the plasma itself. Entry parameters
for such models are sets of cross sections and transport and rate coefficients (Dupljanin, 2016).
One of the methods for obtaining cross sections is a swarm method (Dupljanin, 2016), which
is presented in this paper on an example of neon gas.
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Neon is a single atom gas for which experimental data are easily accessible. It is the
fifth most common element in the universe, while in Earth's atmosphere it is present in a very
low concentration. Its largest use is in the production of neon advertisements. In a vacuum
tube for gas discharge, Neon emits red-orange color, while in fact only red lamps contain pure
Neon. Medical treatments with Neon atmospheric plasma are very efficient for treating
microorganisms, i.e. a large number of bacteria and fungi, even in 60 seconds intervals. The
experiments showed that Neon plasma has positive effects of inactivation of gram negative
and gram positive bacteria, human pathogens, pathogens in food and other microorganisms
(Tanigli et al, 2016).

The goal of this work is to analyze existing data for cross sections from LXcat database
on an example of reduced ionization coefficient for electrons that move in Neon gas under the
effect of external electric field, and displaying swarm method as one of methods for obtaining
sets of cross sections.

MATERIAL AND METHODS

Cross sections for e/Ne interaction were taken from LXCat database
(https://fr.Ixcat.net): Biagi-v7.1, Morgan and SIGLO. Using Bolsig+ code (Hagelaar and
Pitchford, 2005; http://www.bolsig.laplace.univ-tlse.fr/), which is based on solution of
Boltzmann equation in two term approximation (Boltzmann, 1872), we calculated reduced
ionization coefficient (a/N) in a wide range of reduced electric field (E/N) ranging 1-1000 Td
(1 Td = 10 Vm?). The swarm method is presented on the basis of this coefficient.

Swarm method for determining cross sections comprises of several steps: measuring
the parameters of electrons swarm — such as drift velocity, characteristic energy, ionization
coefficient, etc; forming a starting set of cross sections for certain gas being researched;
determining the electron energy distribution functions depending on E/N; calculating
parameters of the swarm and their comparing with measured values of step one (Raju, 2006).
Then the adjustment follows, i.e. modification of a starting set of cross sections and this
procedure is repeated until there is a satisfying degree of compliance between the measured
and calculated values of transport parameters. In this way, using this method gives us a
complete set of cross sections, representing microscopic characteristics, and a set of transport
coefficients, representing macroscopic characteristics of the researched gas. This set is very
significant as it represents the entry parameter that ‘plasma modelers’ use during researching
application of a certain type of low temperature plasma. The success of the method itself
depends on entry data that need to be provided and on the accuracy of measurement and
calculation of transport coefficient.

RESULTS AND DISCUSSION

Figure 1 displays a set of cross sections from Biagi-v7.1 database (Biagi-v7.1
database), depending on electrons energy, and it includes one elastic momentum transfer cross
section, nine excitation cross sections and one ionizing cross section.
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Figure 2 displays a set of cross sections from Morgan database (Morgan database),
depending on electrons energy, and it includes one elastic momentum transfer cross section,
two excitation cross sections and one ionizing cross section.

Figure 3 displays a set of cross sections from Morgan database (Siglo database),
depending on electrons energy, and it includes one elastic momentum transfer cross section,
two excitation cross sections and one ionizing cross section.
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Figure 1. Set of cross sections for e/Ne interaction (Biagi-v7.1 database): elastic
momentum transfer cross section: (1); excitation cross sections: (2), (3), (4), (5), (6), (7), (8),
(9) and (10); ionization cross section: (11)
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Figure 2. Set of cross sections for ¢/Ne interaction (Morgan database): elastic
momentum transfer cross section: (1); excitation cross sections: (2) and (3); ionization cross
section: (4)
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Figure 3. Set of cross sections for e/Ne interaction (Siglo database): elastic
momentum transfer cross section: (1); excitation cross sections: (2), (3), (4), (5), (6) and (7);
ionization cross section: (8)

To demonstrate the swarm method, we selected a set of cross sections from the Morgan

database, shown in Figure 2. This set of cross sections includes the following processes:

(1) Elastic momentum transfer cross section: e + Ne — e + Ne,

(2) Excitation cross section for metastable excitation: e + Ne = e + Ne*, with energy
threshold € = 16.62 eV,

(3) Excitation cross section for total excitation: e + Ne — e + Ne*, with energy threshold
e =16.62¢V,

(4) lonization cross section: e + Ne — e + e + Ne * with energy thresholde = 21.56 eV.

Using Bolsig+ code, we calculated reduced ionization coefficient (a/N) in function

of a reduced electric field (E/N) ranging 1-1000 Td with the Morgan set of cross sections as

the entry parameter (Figure 2). Calculation results are presented with black line in Figure 4,

where symbols are used to point to available experimental results in the Dutton database

(Dutton database). We see that the compliance between calculated and measured values is

satisfactory throughout the whole observed range of E/N.

Since Neon is a gas with reliable sets of cross sections in different databases, we shall
present the swarm method by going “backwards”, calculating o/N with three different
modified Morgan sets of cross sections. Considering that ionization coefficient is most
sensitive to electronic excitations, the first modification was made by excluding the excitation
cross section: e + Ne — e + Ne™ with energy threshold e=16.62 eV, that is, cross section for
metastable excitation from the starting Morgan set (Figure 2). Result of those calculations is
shown by the red line on Figure 5 and we can see that the degree of compliance between
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calculated and measured o/N values is significantly decreased everywhere, except for the
highest values of E/N.

10-2() :_

21

107 ¢

/N [m’]

=22

107 F

10' 10° 10
E/N [Td]

Figure 4. Reduced ionization coefficient (o/N) in function E/N for electrons in Ne
gas: symbols (1), (2), (3) and (4) display measured values from Dutton database (Dutton
database) while black line (5) shows calculated values using Bolsig+ code

The second modification was made excluding the second excitation cross section:
e + Ne —» e + Ne”, with energy threshold €=16.62 eV, from the starting Morgan set (Figure
2), where we have total excitation. Result of calculating a/N with such a modified set as entry
parameter is presented by the blue line in Figure 5. We see that excluding this excitation
process leads to an additional decrease of compliance degree, even for the highest values of
E/N. In the third modification, we used a somewhat differently modified set of cross sections
from the Morgan database. Modification is here made by changing the energy threshold for
excitation cross sections as follows: for metastable excitation, instead of energy threshold
€e=16.62 eV we put ¢=18.62 eV, while for the total excitation instead of energy threshold
e=16.62 eV we put €=19.62 eV. Cross sections for elastic momentum transfer and ionization
were inserted into the code without alterations. Result of calculation of a/N with such a
modified set of cross sections as entry parameter is shown by the green line in Figure 5. As we
can see, this change of thresholds for excitation processes also leads to decrease in compliance
degree as well as lower values of E/N, considering that only the energy thresholds of processes
have been altered.
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Figure 5. Reduced ionization coefficient (a/N) in function E/N for electrons in Ne
gas: symbols (1), (2), (3) and (4) display measured values from Dutton database (Dutton
database) while lines (5, 6, 7 and 8) present values calculated using Bolsig+ code with entry
(line 5) and three modified sets of cross sections (lines 6, 7 and 8)

CONCLUSION

We presented and discussed several cross sections for e /Ne interaction available in the
LxCat database: Biagi-v7.1, Morgan and Siglo. BOLSIG+ code was used to calculate reduced
1onization coefficient (a/N) with the Morgan set of cross sections as the entry parameter and
then compared it with measured values available in the Dutton database (Figure 4). The degree
of compliance between calculated and measured values is satisfactory throughout the complete
observed range of reduced electric field (E/N).

The swarm method was demonstrated as an example of reduced ionization coefficient
(o/N) depending on reduced strength of electric field (E/N) for electrons in Ne gas. The value
of this coefficient was calculated using BOLSIG+ code, where entry data was first the original
set of cross sections, and then set of cross sections from the Morgan database was modified in
three different ways. In the first modification, the process of metastable electron excitations
was excluded (line 2 on Figure 2), while the process of total excitations was excluded in the
second modification (line 3 on Figure 2). The third modification altered energy thresholds of
these two excitation processes. Each modification caused a certain degree of non-compliance
with measured values of transport coefficient, as shown in Figure 5, lines 6, 7 and 8. The
highest degree of non-compliance of calculated values for a/N, in practically the whole range
of E/N, can be noticed in the second modification, where a cross section for total excitation of
energy threshold of e=16.62 eV was excluded from the starting set.
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