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For plasma models or calculations that require the
Electron Energy Distribution Function (EEDF), cur-
rently only static models or experimental data are avail-
able. It is desirable to be able to calculate the EEDF
for any given plasma parameters without intrusive mea-
surements. The software presented here uses the contin-
uum emission spectrum to calculate the EEDF, which
is applicable to atmospheric-pressure non-equilibrium
discharge argon plasma.

The continuum emission spectrum of argon plasma
is dominated by e-a bremsstrahlung [1]. Using the for-
mulation of e-a bremsstrahlung from [1] and substitut-
ing photon energy φ = hν = hc

λ
, (1) is obtained. This is

a Volterra integral of the first kind with kernel R(φ, E) in
(2), where constant Cea is given in (4). Qmom

ea from (3)
has unit 2[1]. Here ne and na are the electron and atom
number density. Due to the complexity of the kernel,
conventional solving methods for a first kind Volterra
integral have not been successful. Instead, a genetic al-
gorithm has been selected to determine the EEDF.

In a genetic algorithm, a large number of solutions to
the problem are proposed. Establishing the fitness func-
tion is most important since this function determines
how well a proposed solution actually solves the prob-
lem. Even though the real solution is unknown, often
some relations regarding the solution can be formulated.
For example, it is known that the EEDF behaves like a
probability density function and that no electrons have a
negative energy. As such, (5) can be established with its
lower limit equal to zero. This relation and others can
be combined into one fitness function.
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f (E)dE = 1 (5)

In Figure 1, the results of the genetic algorithm in
its current state are shown. The input data is calculated
with (1) using the Maxwell EEDF with Te = 0.5 eV,
where ne and na are 5.00× 109 m−3 and 3.40× 1011 m−3

respectively. It can be seen that after seven iterations,
the Maxwellian EEPF and the algorithm results clearly
start to resemble each other. Furthermore, comparing

the difference between the two EEPF and the difference
between the emissivity functions shows that the emis-
sivity calculation is coherent with the change in EEPF.

The final fitness value of this function (which ranges
from 0 to 1, where 1 corresponds to a perfect solution)
is 0.031. Given more time, the algorithm can obtain so-
lutions with much higher accuracy. However, due to the
non-optimized, non-finalized state at the moment of pro-
ducing these results, it is considered sufficient to show
that the algorithm is capable of closely converging to a
Maxwellian EEPF, given that the Maxwell distribution
is the real solution in this case.

Figure 1: Genetic algorithm results (final function fit-
ness = 0.031 at the seventh iteration). The input emis-
sivity data is calculated using the Maxwell EEDF

At this point, it is not yet responsible to draw any
solid conclusion. The algorithm is clearly not finished
yet and the results are not of desired quality nor rigid-
ity. All that can be concluded is that so far the accurate
and correct determination of the EEDF using a genetic
algorithm without additional assumptions seems to be
possible. A more conclusive conclusion and finalized
results will be presented at a later time.
In future work, after finishing the presented algorithm
the focus will be on verification of the algorithm results
by for example probe measurements. Furthermore, the
flexibility and applicability will be tested in different sit-
uations (pressure, gas, temperature, ionization degree
etc...). Since the EEDF is a very general function for
each type of plasma, the algorithm results should be ver-
ified for a wide variety of plasmas before considering it
to be correct.
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