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Introduction:	

   Two types of aurorae excited by energetic electrons 
have been observed on the Mars nightside in the 
ultraviolet. The first one (discrete aurora) is very 
localized and appears to be controlled by the structure 
of the residual magnetic field in the southern hemi-
sphere (Bertaux et al., 2005; Leblanc et al., 2008). Its 
characteristics have been determined by analyzing ten 
years of observations performed with Spectroscopy for 
the Investigation of the Characteristics of the Atmos-
phere of Mars (SPICAM) instrument on board Mars 
Express. The database has been searched to find signa-
tures of ultraviolet emission different from the nitric 
oxide delta and gamma emissions frequently observed 
in the nightglow Martian spectrum. The most promi-
nent signatures are the CO Cameron and CO2

+ doublet 
ultraviolet bands (UVD). A total of 113 nightside 
orbits with SPICAM pointing to the nadir in the region 
of residual magnetic field have been selected. Among 
them, 16 detections were unambiguously identified, 
some of them with multiple detections along an orbital 
track. Nightside limb observations were also analyzed 
leading to three positive detections. 

A second type of Martian auroral emission (dif-
fuse aurora), extending over a large fraction of the 
planet has been observed on several occasions with the 
Imaging Ultraviolet Spectrograph covering the spec-
tral region extending from 110 to 340 nm (IUVS). The 
peak emissions are located near 65 km, an altitude 
significantly lower than the discrete aurora. The pres-
ence of this diffuse aurora was concurrent with en-
hanced solar activity in the extreme ultraviolet and the 
presence of energetic electrons up to 200 keV precipi-
tating in the Martian upper atmosphere. The CO Cam-
eron bands, CO2

+ ultraviolet doublet and OI 297.2 nm 
emissions are the prominent spectral features.  

 
Morphology and characteristics of the  

discrete aurora: 
 

These discrete auroral emissions are located in the 
vicinity of the statistical boundary between open and 
closed magnetic field lines (Figure 1). The mean 
energy of the electron energy spectra measured dur-
ing concurrent ASPERA-3/ELS observations ranges 
from 150 to 280 eV. The ultraviolet aurora may be 
latitudinally displaced poleward or equatorward of 
the region of maximum enhanced downward elec-
tron energy flux by several tens of seconds and 
shows no direct proportionality with the electron flux 
measured at the spacecraft altitude. The small num-
ber of UV auroral detection in regions located along 

crustal magnetic field structures where occasional 
aurora has been observed indicates that the Mars 
aurora is a rare transient feature. These results are 
consistent with the scenario of acceleration of elec-
trons by transient parallel electric field along semi 
open magnetic field lines. 

 

 
 
Figure 1: the circles indicate the locations of the aurora 
detected by SPICAM. The background colors show the 
increasing probability (from dark blue to red) that the 
magnetic field lines are closed. This map was derived from 
measurements on board MGS at about 400 km. This topol-
ogy is in agreement with the assumption that electrons are 
precipitated in regions presenting a magnetic cusp struc-
ture. (ESA – Univ. de Liège). 
 

 
Figure 2: example of a limb emission profile of the UV 
discrete aurora measured with SPICAM. The apparent 
distribution (CO Cameron in black, CO2

+ UVD in red) has 
been corrected to account for the inhomogeneity of the 
emission region based on time delay between the four 
SPICAM spatial bins. The peak altitudes are located be-
tween 125 and 163 km, in agreement with the results of the 
electron transport model. 
  



 

 
  Characteristics of the diffuse aurora:  
 
By contrast, the diffuse aurora was observed in the 
northern hemisphere, in the quasi absence of residual 
magnetic field. Since the aurora appeared fairly ho-
mogeneous during these periods, the altitude of the 
peak is assumed to coincide with the height of max-
imum signal. Emissions from the Cameron and CO2

+ 
UVD bands and OI 297.2 nm were detected. Schnei-
der et al. (2015) modeled the precipitated electron 
flux measured on 20 December 2014 with the SEP 
and SWEA detectors on board MAVEN between a 
few and 200 keV. They analytically fitted the com-
bined electron energy spectrum (in particle flux 
units) with a E-2.2 energy dependence. They obtained 
a good agreement with the shape and peak altitude of 
the observed CO2

+ UV doublet limb profile. The 
peak intensity was normalized to the observed value. 
Further detections of diffuse aurora were made, re-
lated to other solar events. 
 
   Numerical modeling of auroral emission: 

 

Monte Carlo model 

The model is based on photochemical processes, 
kinetics and a Monte Carlo approach for vertical 
electron transport. Energetic electrons lose their ki-
netic energy in elastic, inelastic and ionizing colli-
sions with the ambient atmospheric gas. The energy 
loss is calculated by solving the kinetic Boltzmann 
equation, involving transport of electrons, production 
rates of primary and secondary electrons and elastic 
and inelastic scattering terms. The Monte Carlo algo-
rithm solves kinetic equations for atmospheric sys-
tems in the stochastic approach. It calculates the sys-
tem evolution from the initial to the steady state be-
tween altitudes of 250 km and 50 km. The neutral 
atmosphere composition and density is based on the 
Mars Global Ionosphere-Thermosphere Model (M-
GITM) (Bougher et al., 2015). The outputs of the 
model are calculated vertical emission profiles for 
various CO, CO2

+, O and C emissions. Further de-
tails about the Monte-Carlo model and its implemen-
tation for the Mars atmosphere were given by 
Shematovich et al. (2008). 
 
Discrete aurora modeling 

Nadir observations of aurorae have recently been 
analyzed in detail by Gérard et al. (2015). They 
quantified the intensities of the CO Cameron bands 
and the CO2

+ doublet emissions, compared auroral 
events to concurrent electron precipitations and con-
firmed that aurorae occur near open-closed field line 
boundaries, in the Southern hemisphere between 150 
and 225° of longitude. 
Limb observations by Soret et al. (2015) detected the 
CO (a3Π - X1Σ) Cameron bands between 190 and 
270 nm, the CO (A1Π - X1Σ+) Fourth Positive sys-

tem (CO 4P) between 135 and 170 nm, the CO2
+ 

(B2Σu
+ - X2Πg) UV doublet at 289 nm, the OI at 

297.2 nm and the 130.4 nm OI triplet emissions have 
been identified in the spectra and in the time varia-
tions of the signals. The intensities of these auroral 
emissions have been quantified and the altitude of 
the strongest emission of the CO Cameron bands has 
been estimated to be 137±27	km. The observed alti-
tudes of the auroral emissions were reproduced by 
the Monte-Carlo model of electron transport in the 
Martian thermosphere for monoenergetic electrons 
between 60 and 200 eV. No simple correlation was 
found between electron fluxes measured at the Mars 
Express altitude and nadir auroral intensity. Predict-
ed vertically integrated intensities for the various 
auroral emissions were generally overestimated by 
the model. This is a possible consequence of the in-
clination and curvature of the magnetic field line 
threading the aurora. The relative brightness of the 
CO and CO2

+ emissions was in good agreement with 
the observations.  
The presence of a magnetic field modifies the elec-
tron energy spectrum and the ratio of the upward to 
the downward flux as the beam penetrates into a 
stronger region of stronger B-field (Bisikalo et al., 
2016). Simulations based on an ASPERA-3 meas-
ured auroral electron precipitation indicate that mag-
netic mirroring leads to an change of the fraction of 
the energy flux carried by upward moving electrons 
(Figure 3). This fraction increases up to 33-78% in 
the presence of a field. Consequently, the presence 
of a remanent magnetic field results in a reduction of 
the total auroral power for given precipitated energy 
flux. 
 

Figure 3: altitude variation of the ratio of upward to 
downward energy fluxes for three different crustal B-field 
intensities at 100 km: 0 (blue line), 23 (black line) and 150 
nT (red line). 
 
Diffuse aurora modeling 

 Monte Carlo simulations of the production of sever-
al ultraviolet and visible auroral emissions have been 
performed for monoenergetic initial electron ener-
gies between 0.1 and 200 keV. These emissions are 
the CO2

+ UVD at 288.3 and 289.6 nm and the Fox–
Duffendack–Barker (FDB) bands, the CO Cameron 
and CO 4P bands, the OI 130.4 and 297.2 nm multi-
plets and CI 156.1 nm and 165.7 nm features. We 



present calculations of the nadir and limb intensities 
of several of these emissions for a unit precipitated 
energy flux of 1 mW/m2. Our results indicate that 
electrons in the range 100-200 keV produce maxi-
mum CO2

+ UVD emission below 75 km. A peak 
near 65 km is obtained for electron energies of about 
200 keV (Figure 4). 
 

 
 
Figure 4: calculated peak altitude of the CO2

+ UVD emis-
sion for a range of initial monoenergetic electron energies.   
 
As mentioned before, SWEA and SEP electron ener-
gy spectra measured during diffuse aurora may be 
combined to calculate the volume emission rates. 
The strongest predicted emissions are the CO2

+ FDB, 
UVD and the CO Cameron bands. The metastable  
a 3Π state which radiates the Cameron bands is deac-
tivated by collisions with CO2 and CO below about 
110 km. As a consequence, the ratio of the Cameron 
to the CO2

+ UVD bands is predicted to decrease at 
low altitude in the energetic diffuse aurora (Figure 
5). 
 

 
Figure 5: effect of collisional quenching on the limb  
intensity ratio of the Cameron/ CO2

+ UVD bands. The 
initial electron energy in this case is 100 keV. Red solid 
line refers to standard values of the quenching coefficients 
and dotted lines indicate the extreme values. 
 
Calculated limb profiles will be compared with the 
IUVS observations of the emission limb profiles 
reported by Schneider et al. (2015). 

 

 

   Conclusions: 
 

Two clearly types of auroral events have been de-
tected on the Mars nightside. Discrete aurorae appear 
as rare, localized events confined to regions in the 
southern hemisphere where the residual magnetic 
field cusp like structures. By contrast, the diffuse 
aurora has been observed in the field-free northern 
hemisphere, but it is strongly controlled by solar 
activity. The altitudes of the emissions are different 
in the diffuse aurora showing a peak located about 
70 km lower than the discrete ones. The ultraviolet 
auroral spectrum appears quite similar in the two 
types of events. However, the upper state of the CO 
Cameron bands is deactivated by collisions at low 
altitudes and therefore decreases with respect to al-
lowed emissions. Model calculations show indicate 
that the CO2

+ Fox–Duffendack–Barker (FDB) bands 
which extend into the visible are among the strongest 
auroral emissions. 
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