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1. Introduction
The question of the auroral polarization was first addressed early in the twentieth century (Harang, 1933). The 
first observation was performed during the International Polar Year by Duncan (1959) who found a Degree of 
Linear Polarization (DoLP) up to 30%. This value was rapidly challenged, Chamberlain (1959) and Harang (1960) 
claiming that it could only be due to experimental artifacts, because of the depolarizing collisions. The topic was 
then closed until 2006, when a new dedicated facility allowed to reconsider it (Lilensten et al., 2006). The first 
modern observation targeted the red atomic oxygen line (at 630 nm) in the polar cusp, showing a DoLP up to 10% 
and an average value of ≈5% during auroral quiet times. The DoLP was found to decrease during strong auroral 
events, which was interpreted as the role of the depolarizing collisions. A set of further experiments (Lilensten, 
Bommier, et al., 2015, and references herein) allowed to better characterize this polarization, showing that the 
Angle of Linear Polarization (AoLP) was related to the orientation of the magnetic field at the altitude of emission 
(around 220 km for the red line).

Observing the auroral polarization was then considered as a potential way to indirectly sample the ionospheric 
environment. A new instrument was conceived in order to observe other auroral emissions, and Bosse et al. (2020) 
showed that the oxygen green line (557.7 nm) emitted in the ionospheric E-region around 110 km is polarized 
when observed from the ground, in spite of theoretical predictions against it (Bommier et al., 2011). Two other 
emission polarizations were also discovered, namely the purple (391.4 nm) and blue (427.8 nm) emissions of 
the 𝐴𝐴 1𝑠𝑠𝑠𝑠 𝑁𝑁

+

2
 negative band originating typically between 85 and 90 km altitude (see also Barthelemy et al., 2019).

However, light pollution scattering in the lower atmosphere is also polarized, and might contribute significantly 
to the observed polarization. A first attempt to disentangle the contribution of light scattering and ionospheric 
emissions was conducted by Bosse et al. (2022) by combining field measurements and polarized radiative transfer 
modelization. They show that scattering in the lower atmosphere cannot be fully neglected while it also cannot 
fully explain the observations. They conclude that polarization at the emission is necessary.

Two assumptions remain to explain the source of polarization in the ionosphere: the emission is intrinsically 
polarized or the light emitted is unpolarized and polarization occurs during the crossing of the upper atmosphere, 

Abstract A series of experiments have shown recently that several auroral lines are polarized, when 
observed from the ground. However, this polarization may be caused by indirect light sources (from the ground 
or the sky) scattered in the lower atmosphere by Rayleigh and Lorenz-Mie scattering, or during the crossing  of 
the ionospheric current sheets. Here, we present polarization measurements of the 𝐴𝐴 𝐴𝐴
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 blue (427.8 nm) and 

purple (391.4 nm) emissions in a laboratory confined setting that excludes any light pollution or scattering. 
We show that both lines are polarized, at a level comparable to that of the natural auroral observations. Our 
results furthermore show that the Degree of Linear Polarization depends on the magnetic conditions. This set of 
experiments confirms in a controlled environment the polarization of auroral emissions and constitutes a strong 
evidence in favor of auroral emission already polarized in the upper atmosphere.

Plain Language Summary We prove through a laboratory experiment the existence of the auroral 
polarization. We also show that this polarization is created at the emission itself and not during its travel 
through the atmosphere.
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through the Hall and Pedersen conductivity layers. The first explanation has already been explored in different 
gases such as Barium, Calcium, Mercury (Fano & Macek, 1973; Skinner et al., 1927) in laboratory experiments 
and theoretical models. However, no study about the 𝐴𝐴 𝐴𝐴

+

2
 auroral emissions could be found.

In this paper, we attempt to reproduce the auroral observations in laboratory confined conditions with no light 
pollution (direct or indirect through reflection) nor atmospheric scattering. If polarization is observed, then it 
supports a polarization of ionospheric emissions in the upper atmosphere. On the contrary, if no polarization is 
detected in the absence of light pollution sources, then all previous auroral measurements are mostly influenced 
by light pollution scattering in the lower atmosphere. The experimental setup is described in Section 2. We pres-
ent our results in Section 3, and finally present in Section 4 the main perspective they lead to.

2. Experimental Setup
The full experimental setup is shown in Figure 1. It consists in an auroral simulator, the Planeterrella creating the 
emissions, and a polarimeter, Grand Cru. Both are described thereafter.

2.1. The Planeterrella

The Planeterrella is an auroral simulator (Lilensten et al., 2013, 2014) partly based on Birkeland seminal Terrella 
experiment. It consists in a 50 L vacuum chamber where two spheres (of respectively 10 and 5 cm diameter) and 
an electric duct are installed. The spheres are movable and may rotate in the horizontal plane along the vertical 
axis. In the following, one rotation is made every To = 4 s. Inside the spheres, mobile magnets are installed with  a 
magnetic field of 400 mT each. Any of these (spheres or duct) can be connected to the anode or the cathode of an 
electric generator. The Planeterrella has already been used for scientific purposes: to study the auroral formation 
and plasma interaction between magnetized objects (Gronoff & Simon Wedlund, 2011), and to demonstrate the 
existence of blue aurorae in the Martian atmosphere (Lilensten, Bernard, et al., 2015) due to CO2 emissions.

The main physical parameters inside of the Planeterrella are computed in Lilensten et al.  (2009). We provide 
the characteristic values of the current setting in the Supporting Information S1. We find that the beam electron 
temperature, velocity and densities are much higher than the suprathermal values in the E-region ionosphere 
computed in Marif and Lilensten (2020). Compared to the E-region ionosphere, the Planeterrella suprathermal 
velocity, temperature and density are about 400, 10 3 and 10 6 times larger, respectively. This results in an esti-
mated current magnitude maximizing at about 0.8 A.m −2 in front of the sphere facing the polarimeter. Over the 
approximate one cm width of the current in the Planeterrella, the integrated current comes to ≈ 3 × 10 −4 A.m −1. 
This is negligible compared to the currents in the conductivity E-region layer which is typically of the order of a 
few tenths of A.m −1 in auroral regions (Kelley, 2009; Olsen, 1997; Laundal et al., 2016, 2018).

In the present setting, the Planeterrella is used with only the electric duct as the electron gun (cathode) and the 
10 cm sphere as the receiving target (anode) where aurorae are produced. A series of black caches was inserted 
inside the vacuum chamber in order to prevent any reflection from penetrating the vacuum chamber. Finally, a 
thick cover sheet was installed all over the Planeterrella—Polarimeter system to hide any potential light pollution. 
The gas in the chamber is simply made of ambient air (roughly 80% N2 and 20% O2). Any attempt to introduce 
atomic oxygen would result in a failure as, in such a small confined volume, it would immediately reconnect as 
molecules. Our comparison with the upper atmosphere is therefore reduced to the 𝐴𝐴 𝐴𝐴

+

2
 emission lines, that is, at 

391.4 and 427.8 nm. The choice of the pressure and the voltage depends on the Paschen's law (Paschen, 1889). In 
order to avoid power outage, we use a pressure of about 5 Pa and a voltage of 1.6 kV.

2.2. The Polarimeter

To measure the polarization of the light emitted by the Planeterrella, we use the same polarimeter (called Grand 
Cru) as that used in a previous study on the auroral polarization. A detailed description is provided in Bosse 
et al. (2020), with the instrumental characteristics and the data analysis procedure. We therefore only recall here 
its basic principles and the main instrument design.

The light first passes through a polarizing filter rotating regularly at 5 rotations per second. We then select the 
wavelength of interest with an optical filter of 10 nm width. Finally, a photomultiplier measures the remaining 
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signal. If the incident light is polarized, the flux measured by the photomultiplier will vary depending on the 
orientation of the polarizing filter. The variations of the signal then follow Malus law, and over one rotation of 
the polarizing filter we can retrieve the main polarization properties of the light: the incident flux, its DoLP and 

Figure 1.
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AoLP. It is also possible to average the signal over multiple rotations of the polarizing filter to increase the S/N 
ratio. However, this assumes that the signal is constant over the averaging window T1. We use here data averaged 
over T1 = 10 s ≪ T0. Grand Cru was calibrated in DoLP and AoLP, but not in flux. This is not an issue here since 
we focus on the polarization parameters. The DoLP of the instrument was confirmed using a dedicated calibration 
facility at the Laboratoire d’Optique Atmosphérique (LOA) in Lille (France). It is able to measure accurately 
polarization rates as low as 1%.

The optical system of the instrument has a 2° opening angle, and a 5 cm diameter. This diameter is negligeable 
when observing the nightglow in the upper atmosphere, at least 90 km away. In the laboratory, it was installed at 
about 60 cm of the Planeterrella, in order to prevent from any scattering on atmospheric aerosols, while receiving 
enough light flux for a proper detection of the DoLP. In this configuration, we obtain an observing surface of 
≈7 cm diameter on the emitting sphere (see Figure 1). As a consequence, we cannot focus on a dedicated area 
close to the sphere: our measurements average emissions over the full visible area, that is, a range of magnetic 
field lines will appear in the field of view. Grand Cru has four independent channels of which only two are used 
in this work. One is dedicated to the purple line and another one to the blue one. However, the polarimeter is too 
close to the Planeterrella, so that only one channel can observe at once.

2.3. Choice of the Vacuum Chamber

The calibration was performed in atmospheric pressure conditions using a plasma lamp filled with Ar at low pres-
sure. Argon has an emission line at 392 nm, that is, falling within the bandwidth of our purple filter. Two vacuum 
chambers have been tested, one in glass and one in Plexiglas. We introduced a polarizing sheet between the 
emitting lamp and the vacuum chamber. Its transfer efficiency measured without the vacuum chamber results in 
an observed polarization rate of 98.3%. With the glass chamber, this value increases to 98.4%, that is, within the 
experimental error bars. The Angle of Linear Polarization remains the same with and without the glass chamber. 
With the Plexiglas chamber, the polarization rate decreases down to 94.7% while the angle remains unchanged. 
The results shown below are all made with the more reliable glass chamber.

3. Results
A series of experiments was conducted with a large set of configurations (varying the pressure, magnet properties 
and orientations, relative positions of the electric duct and the sphere, different caches, different rotation veloci-
ties…). Some of them are shown in the Supporting Information S1. We also performed measurements with and 
without rotation of the sphere. The idea behind is that if the polarization is linked to the magnetic field, it should 
show a cyclical pattern from a rotation to another.

We focus below on a selection of significant results, with the sphere rotating at a period T0 = 4 min, and a 5 Pa 
pressure. We first show in details two measurements in the blue line obtained with and without a magnet inside 
of the sphere. We will then give the equivalent polarization parameters for the purple line. None of the other 
observations contradicts the ones presented here.

3.1. No Magnet, 427.8 nm Emission Line

We first show the results when no magnet is inserted inside the sphere. In this configuration, the electrons are 
simply driven by the electric field between the cathode and the anode. This homogeneous configuration should 
result in a stationary signal.

In Figure 2 (left panels), we show the light intensity (in arbitrary units), the DoLP (in %) and the AoLP (in 
degrees). Black dots correspond to the raw data. The blue lines represent data processed over T1 = 10 s (i.e., 50 

Figure 1. Picture and diagram of the setup. In the picture foreground: the polarimeter Grand Cru. We only use two of its four channels, one at a time, for observing 
the polarization at 391.4 nm (purple) and 427.8 nm (blue). In the picture background (on the table): the vacuum chamber. Inside, the sphere is surrounded by a black 
cache in order to avoid any internal reflection on the glass chamber. Below the table, a vacuum pump creates a primary vacuum of about 5 Pa. One generator injects 
electric current in the Planeterrella while a second one is used to make the sphere rotate on itself with a period T0 = 4 min. During operation, the room is fully dark and 
a thick cover sheet wraps the full setup in order to prevent any external light pollution. The diagram (not to scale) shows the main dimensions and the geometry of the 
experimental setup. One channel of the instrument (on the right), is pointing toward the Planeterrella through the glass chamber (thin circle) and then the hole in the 
black cache (thick line). Inside the vacuum chamber, the electrons are produced at the cathode (red minus sign), and move toward the anode sphere (blue plus sign).
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rotations of the polarizing lens). Once averaged over the whole observation period D ≈ 21 min, we obtain the 
following values: I = 124 AU; DoLP = 5, 1% and AoLP = −28°. There is a small variability of the intensity (about 
20%) due to the inhomogeneity of the sphere and the positioning inaccuracy of the instrument. As expected, both 
the polarization rate and angle are overall steady throughout the rotations, the DoLP varying between 4% and 6% 
and the AoLP varying between −20° and −35°. Furthermore, their observed variations do not exhibit the repeat-
ing pattern corresponding to the rotation frequency of the sphere. The DoLP and AoLP thus can be considered 
constant throughout the observation. The value of the polarization rate is in the same range as that observed in 
real aurorae (Bosse et al., 2020). As expected, in the absence of a magnet, the rotation of the sphere only weakly 
affects the observed polarization properties.

3.2. Horizontal Magnet, 427.8 nm Emission Line

We place the magnet horizontally inside the sphere, such that its magnetic poles face the polarimeter twice per 
rotation, with magnetic lines parallel to the line of sight, while the magnetic equator also faces the polarimeter 
twice per rotation, with magnetic field lines perpendicular to the line of sight. We show the results with a hori-
zontal magnet in Figure 2 (right panels).

After averaging over the entire observation duration, we get I = 282 AU; DoLP = 4.4% and AoLP = −24° (or 
156° when accounting for the 180° congruency). The DoLP value has the same order of magnitude as without a 
magnet. However, the rotation period of the sphere is now clearly visible on the flux and the DoLP. The maxi-
mum intensity at about 400 AU (twice the minimum) occurs when one pole faces the polarimeter. The second-
ary  maximum around 270 AU occurs about 2 mn apart when the second pole is in front of Grand Cru. The times 
when the equator faces the polarimeter are marked with a minimum at about 200 AU and a secondary minimum 
around 255 AU.

The DoLP fluctuates between 2.5% and 7.5% in a periodic manner. The time elapsed between two maxima of 
the DoLP is about 4 min, corresponding to the rotation period of the sphere. A secondary maximum occurs in 
the intensity and the DoLP 2 minutes after the maximum. Should the magnets be exactly identical, these maxima 
should be at equal levels. However, the magnets (neodymium, N42, from commercial industry) are not inter-
calibrated, therefore the differences. These variations of the DoLP are anti-correlated with the fluctuations of 
the light intensity over one rotation, as already observed in geophysical auroral conditions (Bosse et al., 2020; 
Lilensten, Bommier, et al., 2015). Indeed, the peaks of intensity around 400 AU are aligned with the drops of 
DoLP at 2.5% and, reversely, the drops of intensity at 200 AU correspond to the peaks of DoLP around 7.5%. 
However, the DoLP being the ratio between the polarized and non polarized parts of the total emission, it is 
unlikely to depend only on the intensity itself. We therefore conclude that these variations in the DoLP result from 
an effect of the magnetic field.

The AoLP still remains relatively steady, varying between −30° and −12°. Because of the relatively large aperture 
of the instrument (about 5 cm, see Section 2.2), it is hazardeous to relate this value to isolated magnetic field 
lines. Still, a slight effect of the rotation shows up, with a variation of about 10° when a pole faces the polarimeter.

Figure 2. Polarization parameters at 427.8 nm. Upper panel: light intensity in arbitrary units. Middle panel: Degree of Linear Polarization in %. Lower panel: Angle of 
Linear Polarization in degrees. Left panels: without a magnet inside the sphere. Right panels: with a horizontal magnet inside the sphere. Uncertainties on the raw data 
(black dots) are indicated by the gray shaded area. Uncertainties on the data after averaging over T1 are given by the width of the blue curve.
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3.3. 391.4 nm Emission Line (Purple)

The patterns observed in the purple line are very similar to these of the blue line. This is not surprising as both are 
due to the same excitation level, that of the 𝐴𝐴 1𝑠𝑠𝑠𝑠 𝑁𝑁

+

2
 negative band. We therefore do not show them in detail here 

(see the Supporting Information S1), and only recall the main values:

•  Without a magnet in the sphere, the intensity and the polarization parameters are stable, with average values 
(over the whole observation period) of I = 46 AU (from 39 AU to 56 AU); DoLP = 3.2% (from 2.5% to 4%) 
and AoLP = −23° (from −37° to −8°). The low value of the intensity compared to that observed for the blue 
line is probably due to the transfer function of the glass and to a difference in the photomultipliers sensitivities 
on both observing lines (blue and purple), but this assumption could not be properly tested. We note that the 
DoLP observed in the purple line is lower than that in the blue line. This could carry some insight on the 
atomic properties of the emissions, but it may also be due to inaccuracies of the experimental setup (e.g., vari-
ations in the pointing direction of the instrument, or of the pressure, might explain this difference).

•  With a horizontal magnet, the average values are I = 63 AU (varying from 32 AU to 108 AU), DoLP = 3.2% 
(from 2% to 5%) and AoLP = −20° (from −32° to −11°). In this emission line too, the rotation clearly impacts 
these values. The intensity triples over one rotation of the sphere, and the DoLP variations are stronger and 
clearer, with a maximum occurring when looking straight to the equator. However, the AoLP is more stable 
than that observed with the blue line, hardly showing an effect of the rotation.

3.4. Comparison With Real Auroral Observations

The same lines have been observed in auroras (Barthelemy et al., 2019; Bosse et al., 2020, 2022). The average 
DoLP was evolving between 1% and 5% in the blue line, and up to 6% in the purple. The purple observations were 
more stable than the blue ones. In both cases, we also observed that the intensities of the emissions were corre-
lated with the electron density variations recorded with the Incoherent Scatter radar EISCAT (Bosse et al., 2020) 
and that the DoLP varied accordingly to the magnetic variability, especially in the blue. For both the purple and 
the blue lines, the magnitude of the DoLP measured in laboratory conditions is similar to that observed in auroral 
geophysical conditions.

4. Conclusion
With this experiment, we aimed at reproducing in controlled and confined conditions the observations made in 
auroral conditions at high latitudes (Barthelemy et al., 2019; Bosse et al., 2020, 2022), in order to check whether 
the polarization observed from the ground is created in the upper atmosphere at the emission, or during the cross-
ing of the light through the current ionospheric layer, or by light pollution and scattering in the lower atmosphere. 
The experimental setting prevents from any external pollution light, from the internal reflection on the glass 
chamber and from diffusion on aerosols. We could observe the 𝐴𝐴 1𝑠𝑠𝑠𝑠 𝑁𝑁

+

2
 negative band emissions in blue (427.8 nm) 

and purple (391.4 nm). Both are clearly polarized when no magnet is inserted in the sphere with a polarization 
rate very close to that observed in the ionosphere. When a magnet is inserted inside of the sphere, the polarization 
parameters are strongly conditioned by the magnetic field configuration with respect to the polarimeter.

We conclude that the polarization depends on the direction of the electron flux (or of the current in the upper 
atmosphere) since the electron path is driven in this case by the magnetic field lines. This is in agreement with 
the results found in the upper atmosphere by (Bosse et al., 2020, 2022) and therefore confirms that these obser-
vations are not only due to the auroral light scattered during the lower atmosphere crossing, nor to light pollu-
tion. However, we failed in determining the exact AoLP because of a too wide field of view, merging too many 
magnetic field lines, even if a slight effect of the rotation is seen in the blue line AoLP (but not in the purple one).

To better address this last issue, we must reduce the field of view of the polarimeter's lenses. We also need to 
improve the experimental system by regulating pressure in a stable and highly accurate manner in order to perhaps 
explain the sharp intensity fluctuations observed when the pressure is fixed at an approximately steady value.

The second question is whether the polarization occurs at the emission or during its crossing of the conductivity 
layer. In order to address this question, we compute an integrated current magnitude maximizing at 3 × 10 −4 
A.m −1 between the sphere and the polarimeter (see Supporting Information S1). This corresponds to the current 
within the electron beam that spreads over the full surface of the sphere. This value is negligible when compared 
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to the current density in the upper atmosphere (0.3 A.m −1 in auroral regions (Kelley, 2009; Olsen, 1997; Laundal 
et al., 2016, 2018)). We therefore conclude that the polarization is created at the emission in the Planeterrella. 
Since the DoLP values observed with the Planeterrella in front of the sphere, facing the polarimeter are very 
much comparable to that in the upper atmosphere, we conclude that, the polarization in the ionosphere is likely 
generated directly at the emission.

However, we do not propose a more detailed explanation of the polarization origin yet, other than that it must be 
linked to the collimated impacting electron flux and to the local electro-magnetic environment at the emission. 
Future works should focus on developing our understanding of the polarization origin in the upper atmosphere. 
We propose three research axes: theoretical work on the atomic physics at play, multi-instrumental observations 
of the auroras to link the polarization to other ionospheric quantities, and further laboratory experiments with 
an improved setup. The first two ideas are already in the making and will be discussed in future publications. 
Improving laboratory experiments request a dedicated facility in order to reduce the difficulties of the measure-
ments, to focus on smaller areas of the emitting surface so as to better distinguish the effect of the magnetic field. 
For example, one could use a smaller chamber, within a uniform magnetic field throughout the full volume and a 
uniform electron flux crossing from one side to the other, so as to distinguish the effect of the electric current. An 
electromagnet will soon allow to vary the magnetic field intensity and study its effect, in particular to determine 
whether a threshold is at work.

This laboratory work confirms that observing the polarization of the upper atmosphere emissions is a new way 
to access the electromagnetic environment (magnetic field variations, electric fields …). The blue and purple 
lines are emitted in the lower Eregion. The oxygen green line is emitted around 110 km and the red one around 
220 km (i.e., Rees (1963) and references herein). Our investigations may open a way to monitor the ionosphere—
thermosphere system at different altitudes.

Data Availability Statement
The instrumental data used and described in this study are available on the PerSCIDO platform maintained by 
the University Grenoble Alpes (https://doi.org/10.18709/perscido.2021.11.ds356). We provide the complete raw 
and processed data, as well as a plot representation for each observation and a comprehensive README file for 
their usage.

References
Barthelemy, M., Lamy, H., Vialatte, A., Johnsen, M. G., Cessateur, G., & Zaourar, N. (2019). Measurement of the polarisation in the auroral N2+ 

427.8 nm band (Vol. 9), A26. https://doi.org/10.1051/swsc/2019024
Bommier, V., Sahal-Brechot, S., Dubau, J., & Cornille, M. (2011). The theoretical impact polarisation of the O I 6300 red line of Earth Aurorae 

(Vol. 9). https://doi.org/10.5194/angeo-29-71-2011
Bosse, L., Lilensten, J., Gillet, N., Olivier, P., Colette, B., Gullikstad, J. M., et al. (2022). At the source of the polarisation of auroral emissions: 

Experiments and modeling. Journal of Space Weather and Space Climate, 12, 7. https://doi.org/10.1051/swsc/2022004
Bosse, L., Lilensten, J., Gillet, N., Rochat, S., Delboulbé, A., Curaba, S., et al. (2020). On the nightglow polarisation for space weather explora-

tion. Journal of Space Weather and Space Climate, 10, 35. https://doi.org/10.1051/swsc/2020036
Chamberlain, J. (1959). On the polarisation of the oxygen red line in aurorae. Planetary and Space Science, 2(1), 73–75. https://doi.

org/10.1016/0032-0633(59)90063-7
Duncan, R. (1959). Polarisation of the red oxygen auroral line. Planetary and Space Science, 1(2), 112–IN3. https://doi.

org/10.1016/0032-0633(59)90006-6
Fano, U., & Macek, J. H. (1973). Impact excitation and polarization of the emitted light, In Reviews of modern physics (Vol. 45(4) pp. 553–573). 

American Physical Society. https://doi.org/10.1103/RevModPhys.45.553
Gronoff, G., & Simon Wedlund, C. (2011). Auroral formation and plasma interaction between magnetized objects simulated with the Planeterre-

lla. IEEE Transactions on Plasma Science, 39(11), 2712–2713. https://doi.org/10.1109/TPS.2011.2147804
Harang, L. (1933). Eine untersuchung der polarisation des nordlichtes. Zs. Geophysik, 9, 162–164.
Harang, O. (1960). An investigation of the state of polarisation of the red and green 3-lines in polar Aurorae. Technical Report, Oslo University.
Kelley, M. (2009). The Earth ionosphere, (Vol. 96) of International geophysics series, ISBN 978-0-12-088425-4. Elsevier Academic.
Laundal, K. M., Finlay, C. C., & Olsen, N. (2016). Sunlight effects on the 3D polar current system determined from low Earth orbit measure-

ments. Earth Planets and Space, 68(1), 142. https://doi.org/10.1186/s40623-016-0518-x
Laundal, K. M., Finlay, C. C., Olsen, N., & Reistad, J. P. (2018). Solar wind and seasonal influence on ionospheric currents from swarm and 

CHAMP measurements. Journal of Geophysical Research: Space Physics, 123(5), 4402–4429. https://doi.org/10.1029/2018JA025387
Lilensten, J., Barthélemy, M., Simon, C., Jeanjacquot, P., & Gronoff, G. (2009). The Planeterrella, a pedagogic experiment in planetology and 

plasma physics. Acta Geophysica, 57(1), 220–235. https://doi.org/10.2478/s11600-008-0079-x
Lilensten, J., Bernard, D., Barthélemy, M., Gronoff, G., Simon Wedlund, C., & Opitz, A. (2015). Prediction of blue, red and green aurorae at Mars. In 

Solar wind interaction with the terrestrial planets (Vol. 115, pp. 48–56). Planetary and Space Science. https://doi.org/10.1016/j.pss.2015.04.015

Acknowledgments
We thank Baptiste Falque and Olivier 
Katz for their help with the experimental 
setup and their mastering of the Plane-
terrella. This work was partially funded 
by the IPEV project on the high latitude 
polarization of the auroral emissions 
POLARLIS (project number 1026). It was 
also funded by the Prematuration CNRS 
program and by the Maturation program 
CM180023, project PTCU Number 
180018M from the SATT Linksium. This 
work was supported by the Programme 
National PNST of CNRS/INSU co-funded 
by CNES and CEA. The polarimeter 
is patented by CNRS and valorised by 
Linksium (international patent number 
1873378). The Planeterrella experiment is 
a property of CNRS, France.

 19448007, 2022, 13, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2022G

L
098707 by C

ochrane France, W
iley O

nline L
ibrary on [01/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.18709/perscido.2021.11.ds356
https://doi.org/10.1051/swsc/2019024
https://doi.org/10.5194/angeo-29-71-2011
https://doi.org/10.1051/swsc/2022004
https://doi.org/10.1051/swsc/2020036
https://doi.org/10.1016/0032-0633(59)90063-7
https://doi.org/10.1016/0032-0633(59)90063-7
https://doi.org/10.1016/0032-0633(59)90006-6
https://doi.org/10.1016/0032-0633(59)90006-6
https://doi.org/10.1103/RevModPhys.45.553
https://doi.org/10.1109/TPS.2011.2147804
https://doi.org/10.1186/s40623-016-0518-x
https://doi.org/10.1029/2018JA025387
https://doi.org/10.2478/s11600-008-0079-x
https://doi.org/10.1016/j.pss.2015.04.015


Geophysical Research Letters

BOURGEOIS ET AL.

10.1029/2022GL098707

8 of 8

Lilensten, J., Bommier, V., Barthélemy, M., Lamy, H., Bernard, D., Moen, J. I., et al. (2015). The auroral red line polarisation: Modelling and 
measurements. Journal of Space Weather and Space Climate, 5, A26. https://doi.org/10.1051/swsc/2015027

Lilensten, J., Lamy, L., Briand, C., Barthélémy, M., & Cecconi, B. (2014). The Planeterrella: A planetary auroral simulator. Communicating 
Astronomy with the Public Journal, 16, 18.

Lilensten, J., Provan, G., Grimald, S., Brekke, A., Flückiger, E., Vanlommel, P., et al. (2013). The Planeterrella experiment: From individual 
initiative to networking. Journal of Space Weather and Space Climate, 3, A07. https://doi.org/10.1051/swsc/2013029

Lilensten, J., Simon, C., Barthélémy, M., Moen, J., Thissen, R., & Lorentzen, D. A. (2006). Considering the polarization of the oxygen thermo-
spheric red line for space weather studies. Space Weather, 4(11). https://doi.org/10.1029/2006SW000228

Marif, H., & Lilensten, J. (2020). Suprathermal electron moments in the ionosphere. Journal of Space Weather and Space Climate, 10, 22. https://
doi.org/10.1051/swsc/2020021

Olsen, N. (1997). Ionospheric F region currents at middle and low latitudes estimated from Magsat data. Journal of Geophysical Research, 
102(A3), 4563–4576. https://doi.org/10.1029/96JA02949

Paschen, F. (1889). Uber die zum Funkenubergang in Luft, Wasserstoff and Kohlen-saure bei verschiedenen Drucken erforderliche Potentialdif-
ferenz. Annalen der Physik, 273(5), 69–96. https://doi.org/10.1002/andp.18892730505

Rees, M. H. (1963). Auroral ionization and excitation by incident energetic electrons. Planetary and Space Science, 11(10), 1209–1218. https://
doi.org/10.1016/0032-0633(63)90252-6

Skinner, H. W. B., Appleyard, E. T. S., & Rutherford, E. (1927). On the excitation of polarised light by electron impact. II.?Mercury. In Proceed-
ings of the royal society of London. Series A, containing papers of a mathematical and physical character (Vol. 117(776), pp. 224–244). Royal 
Society. https://doi.org/10.1098/rspa.1927.0177

References From the Supporting Information
Lummerzheim, D., & Lilensten, J. (1994). Electron transport and energy degradation in the ionosphere: Evaluation of the numerical solu-

tion, comparison with laboratory experiments and auroral observations. Annales Geophysicae, 12(10), 1039–1051. https://doi.org/10.1007/
s00585-994-1039-7

Schunk, R., & Nagy, A. (n.d.). Ionospheres, physics, plasma physics and chemistry. https://doi.org/10.1017/CBO9780511635342
Simon Wedlund, C., Gronoff, G., Lilensten, J., Ménager, H., & Barthélemy, M. (2011). Comprehensive calculation of the energy per ion pair 

or W values for five major planetary upper atmospheres. Annales Geophysicae, 29(1), 187–195. https://doi.org/10.5194/angeo-29-187-2011

 19448007, 2022, 13, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2022G

L
098707 by C

ochrane France, W
iley O

nline L
ibrary on [01/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1051/swsc/2015027
https://doi.org/10.1051/swsc/2013029
https://doi.org/10.1029/2006SW000228
https://doi.org/10.1051/swsc/2020021
https://doi.org/10.1051/swsc/2020021
https://doi.org/10.1029/96JA02949
https://doi.org/10.1002/andp.18892730505
https://doi.org/10.1016/0032-0633(63)90252-6
https://doi.org/10.1016/0032-0633(63)90252-6
https://doi.org/10.1098/rspa.1927.0177
https://doi.org/10.1007/s00585-994-1039-7
https://doi.org/10.1007/s00585-994-1039-7
https://doi.org/10.1017/CBO9780511635342
https://doi.org/10.5194/angeo-29-187-2011

	Laboratory Experiments Confirm the Polarization of Auroral Emissions
	Abstract
	Plain Language Summary
	1. Introduction
	2. Experimental Setup
	2.1. The Planeterrella
	2.2. The Polarimeter
	2.3. Choice of the Vacuum Chamber

	3. Results
	3.1. No Magnet, 427.8 nm Emission Line
	3.2. Horizontal Magnet, 427.8 nm Emission Line
	3.3. 391.4 nm Emission Line (Purple)
	3.4. Comparison With Real Auroral Observations

	4. Conclusion
	[DummyTitle]
	Data Availability Statement
	References
	References From the Supporting Information


