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Abstract: PLASMAKIN is an OpenSource software package for modeling the gas-phase and gas-surface
kinetics of gas discharges. It has now been expanded to simulate the atomic emission spectra taking into
account line broadening processes, radiation trapping and the instrumental resolution. The results of test
cases are compared with experimental results or with other similar programs.
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1 Introduction

The modeling of non-equilibrium plasmas through fluid
equations requires the computation of terms express-
ing, for the several species involved in the discharge,
the changes in density, momentum or energy due to
collisional or radiative processes. These terms repre-
sent the local ’chemistry’ and are, in most cases, inde-
pendent of the transport model or algorithm chosen for
the solution of the fluid model equations. In most cases
the evaluation of these terms is straightforward. How-
ever as the number of species and reactions involved
can be very high, a good data management facility is
required.

PLASMAKIN [7] is an OpenSource software pack-
age for modeling the gas-phase and gas-surface kinet-
ics of gas discharges. Like other commercial and non-
commercial packages [5] for chemical kinetics or plasma
modeling, the information on species and reaction is
kept in an external file.

Contrary to those packages, however, all processing
of species and reactions is handled by a library called
from a user’s program. This library can provide the
information needed by the main program, e.g. species
production and destruction terms for continuity equa-
tions without requiring any customization or compila-
tion. Any change in gas composition or reactions is
only reflected in the data input file. In this way, the
same program can be used for a different gas mixture
provided the type of discharge is the same.

A model of a plasma discharge needs to be validated
against experimental results. The usual outputs of a
discharge model are the values of species density in
space and in time, a voltage or current signal and other
diagnostics such as the electron temperature or the rel-
ative contribution of each reaction for each species.
These are very useful information in order to under-

stand what happens in the discharge and how it hap-
pens. However, except for the voltage or current signal,
it is not always easy to get experimental access to the
quantities obtainable by a model. Often experimental
information on those quantities is obtainable indirectly
through, e.g. the analysis of the UV-VIS emission of
the plasma. The optical spectrum can give informa-
tion on the density of species, the plasma and electron
temperatures or the pressure. It seems reasonable to
expect that discharge models would, in turn, also com-
pute the emission spectrum. Besides, a good amount
of the information needed to simulate the spectrum is
already present in the models: species densities, tem-
perature profiles and emission coefficients.

A few programs are available through the CPC pro-
gram library to compute the effect of radiation trap-
ping [4] likewise, a program to simulate the emission
spectra of some diatomic molecules is freely available
[3]. These programs, however, are dedicated to com-
pute the emission spectra and don’t allow an easy inte-
gration with the chemical kinetics and transport equa-
tions.

The present communication reports the develop-
ments made on the PLASMAKIN package in order to
include the simulation of atomic emission spectra.

2 Package Structure

PLASMAKIN has grown from a chemical kinetics li-
brary to a collection of libraries and tools for plasma
modeling. It now includes:

1. A Sqlite database of species and reactions. This
database includes thermodynamic properties for
all common gases, level information for noble and
selected diatomic gases and data for reactions in-
volving neon or argon species, together with their

1



respective references. The database can be con-
sulted or extended using standard SQL language;

2. routines to parse a data-input file, read the
database, build the set of species and reactions
and cross check the consistency of data;

3. routines to compute the chemical kinetics, the
power losses in the discharge and the simulation
of the emission spectra, and

4. a binding module to allow access of the libraries’
routines from Python scripts or command line.

Further details on the package can be found else-
where [7, 6].

3 Simulation of atomic emission spectra

Neglecting any contribution from radiation outside the
plasma, the spectral radiation intensity, Iν , from radia-
tive transitions, i → j, of species with density ni and
observed at a boundary x0, is given by

Iν(x0) =
∫ x0

0

εν(x) exp [−τ(ν, x, x0)] dx (1)

where (0, x0) are the boundaries of the plasma along
the direction of observation, εν(x) is the spectral emis-
sion coefficient of the plasma along this direction,

εν(x) =
hν

4π

∑
Aijni(x)Pij(ν, x) (2)

and τ(ν, x, x0) is the optical path between x and x0,

τ(ν, x, x0) =
∫ x0

x

k(ν, x′)dx′ (3)

In the above equations, the sum is on all radiative
transitions between levels i and j, Aij the Einstein
spontaneous transition probability, Pij the line profile
and k(ν, x) the spectral absorption coefficient.

In order to solve equation (1) and simulate the emis-
sion spectra we considered the following assumptions:

1. The stimulated emission in the plasma is ne-
glected;

2. The emission and absorption line profiles are the
same, Pe(ν) = Pa(ν) ≡ P (ν);

3. Complete frequency redistribution to compute the
line profiles. Later on this requirement will be
relaxed;

4. The problem is solved for two discharge geome-
tries: plane parallel and cylindrical. In the last
case, the direction of observation is perpendicular
to the cylinder axis and crosses the cylinder at a
height Y from the axis. Additionally, in this case
we assume that the discharge has radial symmetry
and

5. the spectra simulation is limited to atomic emis-
sion lines.

3.1 Optically thin lines

With the above assumptions, considering for now that
τ � 1, for a cylindrical geometry, equation (1) can be
written as

Iν(R) = ζ
hν

4π

∑
Aij

∫ R

Y

ni(r)Pij(ν, r)ηY (r)dr (4)

where R is the cylinder radius, ζ = 2 and ηY (r) a ge-
ometric factor, ηY (r) = r/

√
r2 − Y 2. The factor ζ = 2

accounts for photons emitted along the line of sight
from points with the same value of r but symmetri-
cally positioned regarding the plane perpendicular to
the line of sight and passing by the axis of the cylinder.

The densities ni necessary to compute equation (4)
can be provided by other sources (e.g. a kinetics com-
putation) or deduced either from an assumption of lo-
cal thermodynamic equilibrium or from the density of
other species in case of cascade species.

The normalized line profile, Pij(ν, r), apart from the
gas temperature and the atom and electron concentra-
tions, depends upon the constants that characterize the
interaction between the radiating atom and the neigh-
bour particles, as well as the broadening mechanism.

The following mechanisms are included in the li-
brary:

1. Doppler broadening;

2. pressure broadening in the impact approximation
from atom–impact (van der Walls), electron- and
ion-impact and resonance broadening; and

3. pressure broadening in the quasi-static approxi-
mation.

The actual line profile results from the convolu-
tion of the line profiles for all broadening mechanism.
Following [9, 1] the convolution of the different pro-
files is approximated by the sum of a Voigt profile
and a correction term from the quasi–static profile,
P (x) = PV (x) + C(x). The Lorentz width for the
computation of the Voigt profile is the sum of Lorentz
widths for all broadening processes. The Voigt inte-
gral is integrated using the polynomial approximation
of Humlicek [2] which gives an accuracy of 10−4.

In actual measurements the spectrum obtained de-
pends on the instrument transfer function, T (ν − νP ),
where νP is a characteristic frequency for a detector
at P. Accordingly the computed spectrum is the con-
volution of the line profile with an instrument transfer
function.

Presently, this transfer function is a simple rectan-
gular function of width ∆I . The library, however, can

2



Figure 1: Argon emission spectrum between 650 and
1200 nm for a plasma in LTE conditions
with Te = 5 eV. Lines: present simula-
tion, dots: results from a Saha-LTE spec-
trum from NIST Atomic Spectra Database.

easily be extended to use user-defined transfer func-
tions. To take the instrument resolution into account,
the spectra emission is computed in intervals with a
resolution of δ ≤ ∆I where equation (1) is integrated
with a sufficiently small resolution.

Ik =
1

∆I

∫ νk+ 1
2 ∆I

νk− 1
2 ∆I

IR(ν)dν, k = 1, . . . , Nλ (5)

To obtain the spectrum, the user must call a rou-
tine supplying a wavelength range, the spectra resolu-
tion, δ, the instrument resolution, ∆I , the grid points,
~X, along the line of sight or the radius, respectively
for plane parallel or cylindrical geometries, the density
of species along ~X, and as options, values characteriz-
ing the different pressure broadening processes for each
relevant species, the gas and electron temperature pro-
files, Tg( ~X), Te( ~X), respectively, and Y .

The spectra emission routine finds use in two differ-
ent problems:

1. Simulation of a multi-line spectra; and

2. study of individual lines.

3.2 Multi-line spectra

In this case, all the lines within the given spectra range
are computed. The intensity of each line takes into ac-
count all cascading processes to the parent level, if nec-
essary, in a recursive way. Depending on the number
of lines, resolution, complexity of broadening processes
considered and if the lines are thin or thick, the com-
putation can take from a few seconds to a few minutes.

Figure 2: Influence of instrument resolution on line
profile. Blue: pure Doppler profile; red:
Simulated spectra with a numeric resolution
δ = 1e−3 nm and an instrumental resolution
∆I = 3× δ; green: spline fit.

An example is shown in figure (1) for a plasma with
Te = 5 eV where all the levels above the 4s levels are in
local thermodynamic equilibrium. All transitions from
levels 4s, 4p, 3d, 5s and 5p, were included but higher
configurations were neglected. The blue line is the sim-
ulated spectra. Also shown in the figure (red dots) is
a Saha-LTE spectrum from the NIST Atomic Spectra
Database [8], obtained under the same conditions. A
good agreement was obtained with just a few lines from
transitions involving higher configurations missing in
figure (1).

3.3 Individual lines

The simulation of individual lines is a useful visual aid
to understand the effect of experimental or physical ef-
fects. E.g. figure (2) shows the effect of the instrument
resolution.

The comparison with experimental results can be
used, e.g., to fit constants for the different broadening
processes. In the next example the same line is simu-
lated considering only Doppler broadening or Doppler
and van der Walls broadening. Also indicated are the
Doppler and Voigt FWHM, respectively.

3.4 Optically thick lines

In this case, for a plane–parallel geometry, equation (1)
is written as

Iν(x0) =
hν

4π

∑
Aij

∫ x0

0

ni(x)Pij(ν, x)Φj,0(ν;x, x0)dx

(6)
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Figure 3: Simulation of Argon λ = 811.5311 line for
Tg = 1000K and p = 15mbar for different
broadening processes. Blue: Doppler; green:
Doppler and van der Walls. The maximum
of line intensity is normalized to one. δ are
the FWHM values for the two cases.

with Φj,Y the function,

Φj,Y (ν; a, b) = exp

[
−kj,0

∫ b

a

nj(x′)Pji(ν, x′)ηY (x′)dx′
]

(7)
where kj,0 = (c2/8πν2

0)(gj/gi)Aij and the remaining
symbols defined as in equation (4).

Figure (4) shows a line profile obtained for an op-
tically thick line. In this case, the broadening values
were chosen to evidence self-reversal.

4 Conclusions

The PLASMAKIN package was extended to include
the simulation of experimental atomic emission spec-
tra. Both thin and thick lines can be calculated as-
suming complete frequency redistribution. The depen-
dency along the line of sight of species density, gas
temperature or electron temperature can be taken into
account. The extension to partial frequency redistri-
bution conditions is under way.

The simulation of emission spectra can be used either
to compare the results of plasma models with experi-
mental measurements or to help in the deconvolution
of plasma parameters from measured line.

The simulation of emission spectra is well integrated
with routines to compute the chemical kinetics, with a
database of species and reactions and, a Python inter-
face.

Figure 4: Simulation of a self-reversed line at p = 1 atm
and a Voigt parameter of aV = 0.2.
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