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The Imaging Ultraviolet Spectrograph (IUVS)
aboard the MAVEN spacecraft has detected three
different types of auroral emission at Mars: discrete
aurora (first reported by Bertaux et al. 2005), diffuse
aurora (Schneider et al. 2015), and proton aurora
(Deighan et al. 2016). The most widespread of these
auroras, diffuse aurora were discovered at low altitudes and have been discovered to be coincident with
the detection of highly energetic solar outbursts. Energetic electrons precipitate downward
(down to ~70 km altitude), depositing their energy
below the homopause. This has significant implications for the energy budget of the middle atmosphere. Discrete auroras have also been detected by
IUVS near the crustal magnetic fields in Mars'
southern hemisphere. These auroras are also created
by the precipitation of energetic electrons but unlike
diffuse aurora, which are thought to cover most of
the planet for as long as the sun sustains energetic
outbursts, discrete aurora are confined in space and
time -- they are confined to the crustal magnetic field
and have only been detected to be sustained for a
few minutes. The spectroscopic signature differs
significantly between diffuse and discrete aurora,
indicating different physical processes involved with
excitation and quenching in these auroras.
Proton aurora represent yet another type of aurora, but unlike diffuse and discrete aurora these have
only been detected on the dayside of Mars and are
characterized by enhanced hydrogen Lyman-α emission confined to the 120-150 km altitude range
(Deighan et al. 2016). Detection of these aurora are
characterized by a 50% increase in peak emission
over the background levels, and these aurora have
only been detected to last up to a few hours. Proton
auroras appear to be correlated with solar wind activity. Charge exchange of solar wind protons in the
Martian neutral hydrogen corona creates energetic,
neutral hydrogen. The energetic hydrogen atoms
enter the Mars thermosphere where they are repeatedly excited through elastic collisions, electron stripping, and charge exchange reactions, emitting
Lyman alpha photons when neutral.
Understanding how these three types of aurora

are created will help us better understand the interaction of Mars' upper atmosphere with solar wind, as
well as the energy deposition caused by these auroras (Gérard et al. 2014, Gérard 2015).
IUVS measurements contain spectral information
about these auroras. We will discuss the size of discrete aurora as well as duration these have been detected from IUVS. Altitudinally binned spectra will
be used in order to determine the heights at which
energy is deposited in Mars’ atmosphere. We will
also present preliminary modeling of proton aurora
to better understand how Mars interacts with the
solar wind.
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Fig. 1. Spectra at varying altitudes across different
orbits. The top two spectra were obtained during
discrete aurora events and the bottom four during
diffuse aurora. In the discrete aurora spectra, note the
higher altitude of deposition and the enhanced
brightening of the Cameron bands relative to the
UVD. Both are indicative of precipitation of lowerenergy electrons.
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