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Aidez-nous a observer la haute atmosphere
martienne !
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Les aurores martiennes ont été déecouvertes en

2005

nature

el TE

Vol 43503 lune 2005 doi 10,1038/ natur e0 3603

Discovery of an aurora on Mars

Jean-Loup Bertaux', Francois Leblanc', Olivier Witasse”, Eric Quemerais’, Jean Lilensten”, 5. A, Stern®,

B. Sandel & Oleg Korabley®

In the high-lattude regions of Earth, surorae are the ofien-
spectacular visoal manifestation of the Interaction between elec-
trically charged particles (decrons, protons or ions) with the
neut Falupper atmosphere, as they precipitate along magnetic feld
lines, More generally, aororal emissions in planetary at mospheres
“are those that resull from the impac of particles other than
photodectrans” (ref 1). Auroral activity has been found on all
four giant planets possessing a4 magretic Geld |Jupiter®, Saturn®,
Uranus® and Neptune®), as well as on Venus, which has no
magnetic field". On the nightside of Venus, atomic O emissions
at 1304 nmand 1356 nmappear in bright patches of varying sizes
and intensities”, which are belleved to be produced by electrons
with -er-:rp;v -:'_-l-u-lle"r' (ref 7). Here we r-a-pq::t‘: the dis.q:o'.--tt"_r aof an

malsdans I’UV - , a

identified recently™ as the + and & bands of the nitdic oxids (N0
mmdecule, emitted when O and M atoms recombine, after laving been
produced by salar extremne LNV photo-dissociation of OO, Oy and M,
om the dayvside and transgported to the nightside.

In Fig. 1b the nightglow signal infegrated over the wavelength
mnge of the MO bands { 181-2%8 nm) is displayved a3 a funcion of
tiree for the Ave spatial hing, The signal is more intense for spatial
hins 3, 4and 5 than for spatial bins 1 and 2 because the FOW iswider
and the source is extended. All curves show the same behaviour,
st identical to the variastion of the MO emission observed sy
davs later at orbit 734" this behaviour is explained by the variation
of the atitude and the lafitude aof the Mars nearest point [WNE)
when the LOS SCAINS 4005 the MO 1.-mirr.i||.1 |3'-=-£I—[|'|i'-\. layer is
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Cependant, par des expériences de labo et de la
modeélisation, j’ai pu faire cette prediction en 2015

Des aurores martiennes
visibles et suffisamment
T T — brillantes pour étre vues a
journal homepage: www. ier.com/locate/pss V Ilwil nu :
-
- Bleu (N2+) et vert (@)@
Prediction of blue, red and green aurorae at Mars
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Article history: The upper atmosphere of Mars is a laboratory for better understanding the planetary atmosphere evo-

Received 17 june 2014 lution, and is an example of the interaction of the solar wind with an unmagnetized planet that has only . n I I I e n I I I SO n u es a u X

R“"""’l'l" in revised form patches of crustal magnetic field. In that context, several space missions were launched to study the
17 April 2015

Accepted 22 April 2015 Martian environment and its aurorae, notably EsA Ma_ Express discovered the first i ora-like ¥ »
structures, and more recently NASA's MAVEN, which is dedicated to understand the atmospheric escape. ba n d e S FOX_ Mfe n d a C k_
-_— However, none of the existing missions have spectrometers in the visible spectral range for the obser-

Keywords: vation of the upper atmosphere and the aurorae, but there are UV spectrometer which can be used to ’P

Mars infer visible aurora emiss )
Aurora Inr#l:lex.\lllh\j‘-a;:’ltl)gg ;:Tl:lr}:have a counterpart in the visible spectral range which should be detectable Ba r ke r d u C'O 2 3 Le Ve rt ( 5 5 7 7
under the right conditions. We discuss what are the most favorable conditions to observe these aurorae - - ’
. L
-~ nm) et le rouge (630 nm)
.
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En tirant partie des oppositions

Ls = 316°




'Emmanuel Beaudoin et Christophe Pellier détectent
indépendamment une structure a trées haute altitude
émergeant de I'ombre le 17 novembre 2020 (Mars et Terre

en quasi-opposition).
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17 novembre 2020
© Emmanuel Beaudouin / Marc Delcroix
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Le traitement d'image de Marc montre que cette
structure detachée projette des ombres : |l ne peut
s'agir d'une aurore

21H05 UT 21H15 21H26 UT 21H32 UT 21H42 UT 21H46 TU

21H58 UT ‘ 22H13 UT ‘ 22H19 UT I 22H2T UT ‘ 22H36 UT ‘ 22H40 TU




e s en suivant: Ia
u-.-|re I'altltude

UT [decimal hour

Altitude : 92 (-16/+30) km

m2020-11-17 19-53-45 R EB}‘\‘ - Taille longitudinale : ~3000
km

17 novembre 2020



Photometrie
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Le spectrede cettecouche detachee est

radicalement d[i’ﬂ'ent de celui du sol martien.
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La cbmparaison avec la modélisation du transfert
radiatif montre qu'il s'agit d'un nuage, soit de CO,,
soit (moins probablement) de H,0.

Water ice:
X Reff = O.1um
| DOReff = 1um

A Reff = 2um
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Locallsatlon par rapport au magnétisme résiduel :
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ABSTRACT
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* d'une extension de:3000 km: >

* Influence possmle‘ﬂlgprayqpecosmlques

. Indetectable (jusqu*a présent) par les missions spatiales
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2025.
Les meilleures periodes pour ces
observations ainten
fin
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Contribuez a découvrir les aurores martiennes
dans le bleu (412nm et 434nm), le rouge (630
nm), le vert (557.7 nm) et a mieux caractériser
ces nuages ! Il Une observation n'est validée

gue si au moins 2 obse rs indépendant
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Inscrivez-vous aupres de moi et joignez-vous a |'effort :
Jean.lilensten@univ-grenoble-alpes.fr




La course est lancée
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Abstract

Since 2021, a new surge in discrete aurora detections at Mars has been observed by the Emirates Mars Ultraviolet
Spectrometer (EMUS) cnboard the Emirates Mars Mission (EMM) Hope Orbiter as EMUS started to regularly obtain
synoptic auroral images with a high sensitivity. Here we report on a fortuitous conjunction between EMM and Mars
Express (MEX) using far ultraviolet (FUV) imaging of discrete aurora by EMM EMUS, in situ measurements of suprath-
ermal electrons by the MEX Analyzer of Space Plasma and Energetic Atoms Electron Spectrometer (ELS), and topside
radar sounding of the nightside ionosphere by the MEX Mars Advanced Radar for Subsurface and lonosphere Sound-
ing (MARSIS). In this event, EMM EMUS imaged a clear discrete aurora signature around moderately strong crustal
magnetic fields on the nightside near the dusk terminator, 11 min before which MEX MARSIS measured a promi-

nent local enhancement of the peak electron density in the nightside ionosphere and MEX ELS observed an in situ
enhancement of suprathermal electrons at the corresponding location. A remarkable geographic agreement is found
between the enhancements of the aurora, ionosphere, and suprathermal electrons, suggesting that the enhanced
ionization and auroral emission are caused concurrently by precipitating suprathermal electrons. Subsequent images
indicate that the discrete aurora slightly changed its shape in 15 min and mostly disappeared in a few hours The

MEX MARSIS measurements of the auroral ionosphere display overlapping ionospheric and surface echoes indicative
of horizontal gradients of the peak electron density. Analysis of the overlapping echoes implies that the auroral iono-
sphere and electron precipitation could be highly structured with horizontal spatial scales on the order of several tens
of km. MEX MARSIS also observed a non-auroral ionospheric enhancement with a wider spatial extent than the local

ot irmral A arncarmant et imaacticnsa sltarmastiun eanerae nFtha anhbhancad niakhteidas innmacnhbara cr1i~l 2e mnlacrmas Frame
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e Christophe : Nantes (France, +47° 12 N, 1-33
W) 305mm (12") f/5 Newtonian telescope
altazimuth mont, ca 1290MM

monochrom and AS olour
100 ms

* Emmanuel : Palaiseau
2°23E) 356 mm
Cassegrain
ASI290




Traquer les aurores

Emmanue
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Mars, opposition de 2020
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Mars, opposition de 2020
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Photo planétaire en RGB
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Notre nuage-aurore de novembre 2020
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En attendant Mars




Les aurores bleues
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"Nuit du 24-25 septembre 2023
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L’aurore bleue

B 2H15 UT
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Pas besoin d’étre a haute latitude
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L’aventure continue !
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