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Introduction:  Three kinds of UV aurora have 
been detected on Mars: the discrete aurora [1], 
the diffuse aurora [2], and the proton aurora [3]. 
The discrete and the diffuse aurora are seen on 
the Martian nightside and result from electron 
impact on the upper atmosphere. Figure 1 
shows an electron excited auroral spectrum 
extended into the visible using laboratory 
measurements. The proton aurora is observed 
on the dayside and originates from precipitating 
protons. We present an overview of these auro-
rae, combining observations of the SPICAM 
ultraviolet spectrometer on board Mars Express 
and modeling results, giving an estimate of what 
we might be able to observe in the future with 
UVIS-NOMAD [4] on board Trace Gas Orbiter 
(TGO). 
 

 
Figure 1: Synthesized electron excited NUV-
visible auroral spectrum (from MAVEN observa-
tions and laboratory experiments). 
 
 
Discrete aurora: The discrete aurora was first 
observed as spatially confined auroral feature in 
a limb scan of SPICAM [1]. Subsequently, limb 
and nadir observations of the discrete aurora 
were reported, revealing that these aurorae are 
linked to the topology of the crustal magnetic 
field of Mars [5,6,7] (Fig. 2).  
Employing a Monte Carlo code that models the 
emission arising from energetic electron precipi-
tation on the Martian atmosphere, the electron 
energies causing this aurora have been dedu-
ced to range from 50 to 1000 eV. This interacti-
on produces UV auroral emission at altitudes of 
about 110 to 150 km, in agreement with obser-
vations [7]. 
As part of the auroral emission falls into the 
visible part of the auroral spectra, we expect 
that UVIS-NOMAD will be able to detect the 
discrete aurora.  

 

 
Figure 2: Discrete aurora observations on a 
Martian magnetic field map [6]. 
 
 
Diffuse aurora: The diffuse aurora was obser-
ved by the IUVS ultraviolet spectrograph on 
board the MAVEN spacecraft [2]. This auroral 
type is neither restricted in location nor linked to 
the Martian magnetic field. Instead, it is thought 
to be globally extended and is closely correlated 
to solar wind activity.  
SPICAM was not sensitive enough to observe 
this type of aurora, but we modeled ultraviolet 
and visible auroral emission lines [8]. Among 
these is the oxygen 297.2 nm oxygen emission 
(Fig. 3) that will be observable with 
UVIS/NOMAD on board TGO. 
 
 

 
Figure 3: Monte Carlo modeling results of 
the 297.2 nm OI line [8]. 
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Proton aurora: The proton aurora is seen as 
intensity enhancement in Lyman-α limb profiles 
at altitudes between 120 and 150 km (Fig. 4). It 
has been observed with IUVS [3] and with 
SPICAM in 6 out of 143 observation sequences 
and is related to the arrival of coronal mass 
ejections or corotating interaction regions at 
Mars [9]. 
Mote Carlo modeling has reproduced the inten-
sity enhancement at these altitudes and revea-
led how the Lyman-α line profile and intensity 
change in the presence of an induced magnetic 
field [10]. 
Even though the Lyman-α emission is the 
strongest emission, the proton aurora manifests 
as well in the visible (Balmer series), of which 
the H-β line at 486.1 nm falls into the detection 
range of the UVIS-NOMAD instrument.   
 

 
Figure 4: Lyman-α a limb profile of a proton 
aurora on Mars observed with SPICAM [9]. 
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