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Giessen 35392, Hesse, Germany spectroscopy and intrusive Langmuir probe diagnostics measurements is established
for a reference system. Both types of measurements are performed simultaneously
for a wide range of operation points yielding a large reference data set. Based on a
principal component analysis (PCA), a correlation between plasma parameters and
corresponding OE spectra at different operational points is established. This correlation
can then be applied to OF spectra of the plasma of an operating thruster to obtain
non-invasively the corresponding plasma parameters, i.e,, without having to employ
intrusive Langmuir probes. This approach for evaluating optical spectroscopic data in
terms of plasma parameters has no need for a theoretical microscopic modeling of the
plasma. This makes this approach very versatile and easily transferable to cases where
other propellants are used, since no knowledge of excitation cross sections or transi-
tion matrix elements and other microscopic parameters of the species of the plasma
is required. Such an approach enables continuous monitoring of a thruster’s behavior
during the qualification process.
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Introduction

Space electric propulsion (EP) systems are on the verge of becoming mass products
[1-6]. This commercialization process makes the corresponding space market segment
even more competitive, enforcing faster development cycles and cost reduction for qual-
ification and operation of the thrusters on the spacecraft. In this context, the propellant
used becomes an issue. The price for xenon, which is the most widely used propellant

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
@ Sprlnger use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
— author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://

creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44205-023-00052-z&domain=pdf
http://orcid.org/0000-0002-3761-7288

Becker et al. Journal of Electric Propulsion (2023) 2:16 Page 2 of 12

for plasma-based electric propulsion systems, increases dramatically [7]. Thus, krypton,
xenon/krypton gas mixtures or even iodine are currently investigated as alternative pro-
pellants for EP systems. As a consequence, reliable, fast and widely applicable diagnostic
methods for EP systems need to be established and standardized to unify and speed up
the qualification process. This also holds for operando plasma diagnostics applied for
characterising the plasma parameters of thruster prototypes during the qualification at
high TRL. The standard approach for determining plasma parameters is the use of Lang-
muir probes. However, this approach is intrusive, i.e., the measurement itself may alter
the performance of the thruster at a given operational point [8]. Furthermore, it requires
access to the plasma inside the thruster. In particular, in case of gridded ion thrusters,
additional dedicated ports on the plasma vessel will be required, which are no use during
operation in space, and, therefore, not desired from an engineering point of view. It is
well established from microscopic physics that optical emission (OE) spectra of a plasma
reflect the fractions of its ionic, atomic and molecular species as well as the occupation
of their electronic, and in case of molecular species, vibrational states. Therefore, a cor-
relation between the OE spectra of the plasma and the corresponding plasma param-
eters exists and, in principle, the plasma parameters can be extracted from the spectra.
The conventional approach comprises a microscopic theoretical modelling of the optical
emission spectra and a comparison between simulated and experimental spectra (e.g. [9]
or [10]). Such a microscopic modelling requires an accurate description of the electronic
and vibrational states of the species involved. In addition, the microscopic interaction
between the different species as well the radiative and non-radiative recombination
processes between the electronic states, which determine the absolute intensities of
the optical transitions of the individual species in the OE spectrum, must be described
accurately based on microscopic parameters such as scattering cross sections, transition
matrix elements, etc. Comparisons even for “simple” plasmas consisting of neutral and
charged species of one chemical element, e.g., a noble gas, need to account for hundreds
of electronic states and a large set of microscopic parameters to yield an accurate pre-
diction of its OE spectra. The approach is difficult to adopt for more complex plasmas
comprising more species, e.g., molecular iodine or mixtures of noble gases. In many
cases, the necessary microscopic parameters are not available and not easily accessible
by experiments. Therefore, also in the light of the drive towards alternative propellants,
ways to employ OE spectroscopy for determining the plasma parameters without hav-
ing to rely on microscopic modelling need to be sought. We have introduced such an
approach in Refs. [11] and [12]. An empirical correlation between plasma parameters
and measured spectra is established on the basis of a reference data set by correlating
the results of simultaneously conducted OE spectroscopic measurements and Langmuir
probe measurements of the same plasma. We employ the so called principal compo-
nent analysis, a multivariate data analysis approach, for deriving and parameterizing the
correlation between the OE spectra of the plasma and the corresponding electron den-
sity and electron temperature extracted from the data of the simultaneously conducted
Langmuir probe measurements. Based on this correlation, OE spectroscopy can be used
to extract plasma parameters from a plasma inside a thruster provided the plasma is
excited in the same fashion as that which was used for establishing the correlation. In
this fashion, microscopic modelling is circumvented. Furthermore, the approach is easily
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transferable to other types of plasma, e.g., to plasmas of alternative propellants used in
thrusters. Here, we show, as a proof of principle, results where the approach is used to
non-invasively extract plasma parameters from an operating RIT-10 thruster with active
beam extraction, which is operated with xenon.

Experimental details and theory

Experimental setup

A schematic image of the experimental setup used in this study is shown in Fig. 1.
The thruster is a laboratory prototype of a RIT-10 with a cylindrical discharge cham-
ber with a diameter of 10 cm and an extraction system consisting of three grids. It is
operated with xenon. The Xe plasma is generated by a radio-frequency generator (RFG)
[13, 14] operating at a frequency of approximately 1.1MHz. The thruster is operated in
grounded mode without a neutralizer. A Langmuir double probe is inserted into the
thruster through the gas inlet to measure the plasma parameters during operation with-
out extraction. The optical emission (OE) spectroscopy measurements are performed
from the outside of the vacuum chamber via a window yielding optical access. The light
emission from the plasma exiting the grid system is focused onto an optical fiber, which
is connected to a Czerny-Turner spectrometer with an optical length of 0.5m and an
intensified charge coupled device (ICCD) for detection. The spectral resolution of the
detection system is 0.5nm. The distance between the thruster and the detection system is
about 3.15m with an angle of approximately 33° to the beam direction. The optical spec-
tra are collected in the spectral range between 815nm and 843nm which exhibits seven
distinct emission lines of Xe.
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Fig. 1 Schematic image of the used experimental setup. A RIT-10 is operated in a vacuum chamber. A
Langmuir double probe is inserted in the gas inlet of the thruster. The OE spectroscopy measurement is
carried out through an optical window with focus on the plasma emission from the grid system of the
thruster
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The test power supply (TPS) consists of the individual power supplies for accelerator
grid providing a negative high voltage (NHV) with respect to ground, the screen grid
providing a positive high voltage (PHV) with respect to ground (PHV), the RFG for driv-
ing the inductive coil and exciting the plasma, and the mass flow controller (MFC) for
the propellant supply. The grid voltages PHV and NHYV are set to +1700V and —100V,
respectively, for extracting the ion beam (active mode) and are both set to zero when the
plasma inside the thruster is operated and no beam is extracted (idle mode).

These PHV and NHYV settings define the ion optics and yield a focused ion beam for
beam currents in the range from 40mA to 80mA with the values given above. The Lang-
muir probe measurement unit can only be biased with 250V with respect to ground.
Therefore, we cannot perform Langmuir probe measurements with active beam extrac-
tion, as in this operating mode the plasma and the probe will be biased by the PHV.

Therefore, the reference data set of simultaneously conducted Langmuir probe and OE
spectroscopic measurements is acquired without beam extraction in idle mode. The ref-
erence data was acquired for 130 different points of operation of the plasma. Each oper-
ating point corresponds to a different setting of the propellant gas flow (ranging from
0.8 to 4sccm) and the RF power (ranging from 10 to 90W) for exciting the plasma. All
other settings such as PHV and NHYV are kept constant. At each operation point, a data
pair consisting of a OE spectrum and a corresponding Langmuir probe measurement
was acquired using the same acquisition settings for the entire set of reference meas-
urements. The reference data set is analyzed, as described below, to derive the correla-
tion between OE spectra and plasma parameters. This correlation can then be applied
to the OE spectrum of the plasma of a thruster operating in active mode for extracting
the plasma parameters during beam extraction (for which no direct measurement of the
plasma parameters can be performed).

The validation data set consists of OE spectroscopic measurements of the thruster
operating in active mode. The Langmuir probe was removed prior to these measure-
ments, otherwise the experimental setting was not altered. We recorded OE spectra
along so called performance curves of the thruster each corresponding to a preset ion
beam current, here, 40, 50, 60, 70, and 80mA. Each performance curve is acquired by
varying the mass flow and simultaneously adjusting the RF power in order to keep the
preset ion beam current constant.

OE spectroscopy measurements and principal component analysis

Each OE spectrum S(4) consists of intensity values recorded at 1024 wavelength sampling
points. This means that each spectrum can be interpreted as a single point in a 1024-dimen-
sional coordinate space spanned by the wavelength sampling points. Thus, the reference data
set forms a cloud of points in this 1024-dimensional data space. As some of the optical tran-
sition lines are related, e.g, some of the electronic states involved are the same, or the width
of recorded optical transition line covers several wavelength sampling points, the intensity
values yielding the single point representing a OE spectrum in the 1024-dimensional coordi-
nate space are not independent of each other. Therefore, it should be possible to reduce the
dimensionality of the representation of the data and to preserve as much differences between
the data as possible, i.e., to still be able to discriminate between the spectra characteristic for
different operational points. To do so, we proceed as follows.
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In step 1, the dimensionality of the representation of the line spectra is reduced. The
background is subtracted, Furthermore, the entire spectral range outside the seven Xe
emission lines is discarded and a single intensity value for each line is derived by add-
ing the strongly related intensity values at all wavelength sampling points within the full
width of the emission line. This leaves a single spectrum as a data point in a 7-dimen-
sional coordinate system, the reduced spectrum is a vector with 7 components denoted
as S . To further reduce the dimensions, the OE spectroscopy data is evaluated in step 2
by a principal component analysis (PCA). A general description of PCA is given in Ref.
13, a specific detailed description of how we apply PCA of the OE spectroscopic data
and how we correlate the PCA results with the plasma parameters from the correspond-
ing Langmuir probe data is given in Ref. [11]. In brief, PCA rotates the 7-dimensional
coordinate system about the center-of-mass of the data cloud representing the reference
spectra such that the new coordinate axes correspond to the axes with the highest vari-
ance in the data set. The center of mass of the data cloud is given by the average pro-
cessed spectrum <§>>ref of the reference set. The new coordinate axes are given by the
eigenvectors pc ; of the covariance matrix of the data points representing the spectra
in the seven dimensions. All seven eigenvalues 4; of the covariance matrix have positive
values as they are variances. The labelling of the axis follows the weight of the variance
on the new coordinate axes. The eigenvalues are ordered such that 11 < Ao < -+ < 47.
Thus, the first eigenvector pC 1 corresponding to the first new coordinate axis accounts
for the highest variance eigenvalue, the second eigenvector P_C)’z corresponding to the
second new coordinate axis for the second highest variance eigenvalue, and so on. In
case of our data, the first two coordinate axes cover 99% of the total variance within
the reference data set. Therefore, we restrict ourselves to the two new coordinate values
(scores) PCj and PC, with respect to the axes P_C)‘ 1and P_()? o for further analysis. Although
the seven dimensions of the data points still yield seven dimensions after the PCA, the
scores along the first two axes are already sufficient for almost fully grabbing the dif-
ferences between the spectra, i.e. to separate the data points of all spectra in a two-
dimensional plot PC; vs PC; (see Fig. 2(a)). Thus, the pairs of (PC, PCy) of the reference
spectra, yield a sound basis for establishing a correlation between input parameters and
optical spectra as well as between optical spectra and corresponding plasma parameters.
However, it cannot be predicted in general which number of PC; is necessary to achieve
a full separation of the data points representing the OE spectra or whether a full separa-
tion is possible at all. This has to be assessed by trial and error. A high fraction of vari-
ance on the PC i used for separating the data is only an indicator towards a satisfactory
result, but neither a necessary nor sufficient condition.

Langmuir probe measurements and plasma parameters

In a Langmuir double probe measurement, a sweeping voltage is applied between two
probe wires which are inserted into the plasma. The evaluation of the resulting voltage-
current-characteristics provides values for the characteristic parameters of the plasma,
the electron temperature T, and electron density #. [8, 15—17]. The evaluation proce-
dure used here is a modified approach on the basis of the standard procedure [8, 15-17].
This modified approach is described in more detail in our previous publications [11, 12].
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Fig. 2 Mass flow cxe of the propellant Xe and power setting Prr of the RFG are the only parameter settings
varied in the operation of the thruster apart from switching on and off the extraction. The circular, open data
points correspond to the reference data set (thruster in idle mode) and the square shaped, full data points

to the validation data set (thruster in active extraction mode). a All pairs of settings (cxe, Prrg) for which OE
spectra are acquired. b Pairs of scores (PCy, PC,) derived directly by the PCA in case of the reference data and
resulting from the expansion of corresponding processed OE spectra in terms of the principal components of
the reference set in case of the validation data

Briefly summarized, the saturation regions of the typical Langmuir double-probe char-
acteristics are fitted with a linear dependence. The measured curve is corrected using the
slope of the fit and normalized by the intercept. Now, the electron temperature can be
calculated from the maximum slope at a voltage of approximately zero, which is deter-

mined using a third order polynomial fit in this region.

Correlation between PCA scores and plasma parameters, analysis of OE spectra

of unknown plasma parameters

The values of the electron temperature and the electron density of the reference data
set plotted versus the corresponding PC; and PC, scores yields two 2D-surfaces,
T.(PCy, PCy) and n.(PCy, PCy). The 2D surfaces are parameterized by curve fitting to a
two-dimensional polynomial fitting function of the form

n i+j<n

f(PCL,PCy) =Y 3" ay;- PC - PC) (1)

i=0 j=0

where we chose n = 3. The fitted functions T, (PCy, PCy) and n.(PCy, PC,) represent the
correlation between the OE spectra and the corresponding plasma parameters. Another
OE spectrum S taken of the same thruster under operation (even with extraction of an
ion beam) can then be analyzed in terms of its plasma parameters as follows. It needs to
be processed according to step 1 and can then be expanded in terms of the eigenvectors

ﬁ
PC; of the reference data set derived in step 2:

7
? = <§)>ref+zpci(§>)l)—éi (2)

i=1
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The corresponding expansion coefficients are the scores PC; of this spectrum and can
be derived according to

PCi(?) = (E) - <§)>ref) 'P—C)i (3)

making use of the orthogonality of the principal components. The values of PC; <?)

and PCy (?) obtained in this fashion can be inserted into T, (PC1, PCy) and n,(PCy, PCy)

to derive the two plasma parameters corresponding to the spectrum.

Results and discussion

The reference data set consisting of OE spectra and simultaneously conducted Lang-
muir probe measurements was acquired with the thruster operating in idle mode, i.e.,
the high voltages of the extraction grid system were turned off. The validation data set
consists of OE spectra only, as the thruster was operated in active mode, i.e., with the
high voltages of the extraction grid system switched on to generate the ion beam. In this
active operational mode Langmuir probe measurements cannot be conducted. The only
other operational settings which were varied during acquisition of the two data sets were
the propellant mass flow cxe and the power Prrg of the RFG driving the plasma. Fig-
ure 2 (a) depicts all the pairs of settings (cxe, PrRrg) used when acquiring both data sets.
The circular, open data points denoting the reference data set cover a wider parameter
space than the square, full data points denoting the validation data set. In particular, the
validation data lies fully within the reference data range. This is an essential requirement
for two prerequisites which need to be fulfilled. First, it is the basis for a reliable expan-
sion of processed OE spectra of the validation set in terms of the principal components
of the reference data set and, second, it can be anticipated that the unknown plasma
parameters of the validation data set lie within the range of the known plasma parame-
ters of the reference data set. The latter is important as the unknown plasma parameters
shall be determined on the basis of the polynomials used for describing the 2D-surfaces
ne(PC1, PCy) and T, (PCy, PCy). The plots of the corresponding (PCy, PC») pairs obtained
for the two data sets suggest that all these prerequisites are fulfilled. There are essentially
no overlapping data points in each set. Furthermore, the trends in terms of mass flow
variation, RFG power variation are preserved for all pairs of scores (PCy, PCy) derived
directly by the PCA in case of the reference data and resulting from the expansion of
corresponding processed OE spectra in terms of the principal components of the refer-
ence set in case of the validation data. The preservation of the trends in terms of mass
flow and RFG power for the reference data set and the different performance curves
measured for different beam currents in the validation data is highlighted in Fig. 2 (b).
The plot of the scores (PCy, PCy) of PCA of the reference OES data set is shown again in
in Fig. 3 (a). The series of data points where the RFG power is varied for constant propel-
lant mass flow are highlighted by different symbols. The individual measurement series
for different constant gas flows are arranged in curved lines, which reflect the changes
in the RFG input power. In this case, the scores PC; of the first principal component
account for 97.95% of the data variance, which mainly corresponds to changes in the
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Fig. 3 a Plot of the scores (PCy, PC;) of PCA of the reference OES data set. b Corresponding plasma
parameters extracted from the Langmuir probe measurements. Correlation between the first two PC scores
and a corresponding plasma parameter (black symbols) together with the fitted correlation function for ¢ the
electron temperature T, and d the electron density ne.

RFG input power. The scores PC of the second principal components account for only
1.96 % of the data variance and mainly contains the information about the gas flow.
Figure 3(b) shows a plot of series data pairs (#,, T,) extracted from the Langmuir probe
measurements and corresponding to the series of data points in Fig. 3(a). The data points
(ne, T,) are also well separated in the plot and show clear trends. Each operational point
has been measured twice with the Langmuir probe yielding similar results. As expected
for constant mass flow, the electron temperature T, rises towards lower gas flows and
the electron or ion density #, increases with higher input power [18—-20]. The finding
that the data points do not overlap in both plots, i.e., that of PC; vs PC; derived by OES
and that of n, vs T, derived from corresponding Langmuir probe measurements, and
the clear trends observable suggest that there exists a one-one correspondence between
the OE spectra of the plasma inside the thruster and its plasma parameters. As further
confirmation, we have plotted the electron temperature 7, and the electron density #, as
a function of the corresponding PC; and PCs. The smooth 2D surfaces of the two plasma
parameters are shown in Fig. 3(c) and (d). The red curves show corresponding fitted sur-
faces described by the polynomial function defined in Eq. 1. The R?-values of the fitted
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Fig. 4 a Plot of the (PC;, PC;) data pairs of the validation data set. The corresponding PCA scores of the
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c Performance curves for five different beam currents which define the operation points where the validation
data have been acquired

surfaces are 0.97 and 0.99 for T, and #,, respectively. The results are very similar to previ-
ous measurements on a different RIT-like setup [11, 12].

The correlation between plasma parameters and optical spectrum established and
parameterized by the fitting of the 2D surfaces as correlation functions #.(PCj, PCy)
and T, (PCj, PCy) is now applied to OE spectra of the validation data set obtained on
the same thruster during active ion beam extraction. The OE spectra of the valida-
tion set are processed as described in Section “Experimental details and theory” and
their PC; and PC, scores with respect to the reference data set are derived. Figure 4(a)
shows again a plot of the (PCj, PCy) data pairs of the validation data set. The data
points belonging to the same performance curve are denoted by the same symbols,
different performance curves by different symbols. The plasma parameters corre-
sponding to each OE spectrum of the validation set are calculated by inserting its
scores PC; and PC, into the correlation functions #,(PCi, PCy) and T.(PCq,PC>)
according to Eq. 3. We have plotted in Fig. 4(b) the corresponding pairs of plasma
parameters (#,, T.) using the same color scheme as in Fig. 4(a). The plasma param-
eters belonging to the same performance curve as well as the data sets of the differ-
ent performance curves show meaningful trends. The performance curves are shown
in Fig. 4(c). The electron temperature 7, decreases with increasing gas flow and the
electron density #, increases with increasing beam current. Both effects are expected

Page 9 of 12
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and in accordance with the literature [18—20]. Furthermore, the electron density is
almost independent of the gas flows for a given beam current. This is also anticipated
because the extraction of a constant ion beam current requires a constant ion density
n; within the plasma and it holds n; = n, because of the neutrality condition of the
plasma.

However, some words of caution are necessary. In the set up used the Langmuir probe
was positioned inside the gas inlet and was probing a small volume inside the plasma.
In the OE spectroscopy measurement, the emission of the thruster from the grid area
was collected by a lens and its demagnified image focused on to the entrance slit of the
spectrometer. Thus, the OE spectroscopic measurement reflecting a spatially averaged
spectrum of the plasma is correlated with a local measurement of the plasma param-
eters at the insert. It should be noted that the one-to-one correlation between plasma
parameters extracted by Langmuir-probe measurements and OE spectra is the more
reliable, the more the probe volumes of the Langmuir probe measurement and OE spec-
trum overlap and agree. It is best if the two volumes are the same. The uncertainty of the
correlation depends on the overlap of the probed volumes, but also on the variation of
the plasma parameters inside the plasma volume. Such a variation is definitely present
in rf plasmas confined in vessels as it is the case in gridded ion thrusters. This some-
what introduces a degree of uncertainty in the measurement approach as it stands as the
plasma is not homogeneous inside the plasma vessel towards the sidewalls of the vessel
or across the grid system, i.e., the plasma parameters measured by the Langmuir probe
in a small volume are not representative for the entire plasma. However, this issue will
be overcome, when optical and Langmuir probe measurement probe the same, preferen-
tially very small volume. One possible concept for refining the measurement approach,
is to use a reference set-up consisting of plasma body and a grid system with only one
extraction channel and the Langmuir probe placed directly behind this orifice. This way,
by solely focusing the plasma emission, which exits this orifice, on to the spectrometer
slit, it will be guaranteed that the OE spectrum and the Langmuir probe measurement
is characteristic for the same defined volume within the plasma. Spatially resolved OES
across the plasma vessel or the grid system of a RIT may then yield spatial maps of the
local plasma parameters with a spatial resolution of the characteristic probe volume
of the reference measurement set-up. Based on such knowledge, it will be possible to
assess how much the locally determined plasma parameters differ from globally aver-
aged plasma parameters. This will provide essential information for optimising global
models of the plasma, which often simply assume constant average plasma parameters
or empirical spatial plasma profiles [20]. Empirical plasma profiles used in global model-
ling of thrusters can be verified experimentally which will be a great help in improving

such global models.

Conclusion

In this work, we demonstrated that a one-to-one correlation can be established between
OE spectra of a rf-plasma inside a thruster and its plasma parameters obtained by simul-
taneously conducting Langmuir probe measurements. We show that the parameterized
correlation based on such a reference set of measurements can be used to derive plasma
parameters solely from other OE spectra provided they were recorded under the same
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conditions as the reference set. Exemplarily, we discuss this approach for a RIT-10 thruster
operating with xenon. The reference set consists of more than 100 pairs of simultaneously
conducted OE and Langmuir-probe measurements of the plasma inside the thruster in idle
mode. This data forms the reference data set. The OE spectra of the reference set were sim-
plified in a two-step process keeping the distinct differences between the spectra. The first
step consists of transforming each OE spectrum into a vector whose components repre-
sent the integrated intensities of the characteristic optical transitions of the propellant in
the spectral range under consideration. In the second step, a PCA was performed on the
vectors of the reference set. The scores of the first two principal components show a one-
to-one-correlation with both of the plasma parameters, electron temperature and density,
derived by analyzing the Langmuir probe data. This correlation can be fitted by polynomial
functions of the two scores and thus be parameterized. Furthermore, we validate that the
correlation determined from the reference set can indeed be used to analyze additional OE
spectra of the thruster in terms of characterizing its plasma state. The validation data set
consisted of OE spectra recorded of the same thruster in active mode along performance
curves recorded for various beam currents. That the trends in the plasma parameters
extracted using the established correlation are realistic. This finding confirms that the pro-
posed approach is viable. Such a non-invasive OE spectroscopic measurement as a means
of extracting plasma parameters can be easily performed and employed in the proposed
fashion on the majority of plasma-based thrusters independent of the type and size. It will
be particularly useful in case of gridded ion thrusters where the plasma is enclosed and dif-
ficult to access, e.g., in case of flight models. The approach yields valuable insight into the
plasma behavior of an operating ion thruster and, thus, its performance. It provides a novel
way of analyzing the characteristics of a plasma of plasma-based ion thrusters during test-
ing and qualification for space. In particular, no microscopic theory of the electronic states
and the emission of the plasma is needed for extracting the plasma parameters from the
OE spectra. The approach solely relies on experimental data and a representative refer-
ence measurement. This may contribute to faster and more reliable development cycles of
thruster technology in the future.
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