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Abstract Mars discrete aurorae are caused by accelerated electrons precipitating into the atmosphere and
interacting with species such as atomic oxygen. However, the energy of the electrons causing these aurorae
remains currently unclear: no simultaneous and concurrent measurements of electron analyzers and
spectrometers have been performed so far, preventing from assessing the exact energy of the downgoing auroral
electrons. Several auroral emissions have been observed so far on Mars, among which are two oxygen emissions
in the far ultraviolet at 130.4 and 135.6 nm. In this study, we simulate the vertical distribution of these auroral
oxygen emissions with an electron transport calculation coupled with a radiative transfer model to account for
the optical thickness of the atmosphere for the 130.4-nm triplet. We show that the brightness ratio of these
oxygen emissions is independent of the downward electron energy flux and only slightly depends on the atomic
oxygen atmospheric composition. In contrast, the brightness ratio is strongly related to the initial energy of the
auroral electrons. Measuring the brightness ratio is therefore a unique tool to remotely estimate the energy of the
electrons causing the Mars discrete aurorae. We compare our model results with observations from the Emirates
Mars Ultraviolet Spectrometer on board the Emirates Mars Mission and find that electrons with typical energies
of 250-300 eV are compatible with the observed ratio of 3.
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Key Points:

e The 130.4 optically thick and the
135.6 nm optically thin oxygen
emissions can be observed during a
Mars auroral event

e Radiative transfer effects increase the
observed nadir brightness of the 130.4-
nm emission

e Brightnesses of both emissions
depends on O density, initial electron
energy and flux, while their ratio
depends on the electron energy
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Quantifying the Electron Energy of Mars Aurorae Through
the Oxygen Emission Brightness Ratio at 130.4 and 135.6 nm

Lauriane Soret' ', Benoit Hubert' ©*, Jean-Claude Gérard" **, Sonal Jain® ', K. Chirakkil* *,

R. Lillis* ', and J. Deighan®

'LPAP, STAR Institute, Université de Liege, Liege, Belgium, ’LLASP, University of Colorado, Boulder, CO, USA, 3Space
and Planetary Science Center, Khalifa University, Abu Dhabi, UAE, ‘fuc Berkeley, Berkeley, CA, USA

Abstract Mars discrete aurorae are caused by accelerated electrons precipitating into the atmosphere and
interacting with species such as atomic oxygen. However, the energy of the electrons causing these aurorae
remains currently unclear: no simultaneous and concurrent measurements of electron analyzers and
spectrometers have been performed so far, preventing from assessing the exact energy of the downgoing auroral
electrons. Several auroral emissions have been observed so far on Mars, among which are two oxygen emissions
in the far ultraviolet at 130.4 and 135.6 nm. In this study, we simulate the vertical distribution of these auroral
oxygen emissions with an electron transport calculation coupled with a radiative transfer model to account for
the optical thickness of the atmosphere for the 130.4-nm triplet. We show that the brightness ratio of these
oxygen emissions is independent of the downward electron energy flux and only slightly depends on the atomic
oxygen atmospheric composition. In contrast, the brightness ratio is strongly related to the initial energy of the
auroral electrons. Measuring the brightness ratio is therefore a unique tool to remotely estimate the energy of the
electrons causing the Mars discrete aurorae. We compare our model results with observations from the Emirates
Mars Ultraviolet Spectrometer on board the Emirates Mars Mission and find that electrons with typical energies
of 250-300 eV are compatible with the observed ratio of 5.
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— Assume that, just above the potential layer, electrons have an energy ¢, and an isotropic distribution for PA
0-90° and a local magnetic field strength B,. After an acceleration of ¢ by the potential layer, these electrons
have a width of PA of 0 = sin‘l(\/ £,/ (g, + egp)) immediately below the potential layer. At a critical altitude
with a magnetic field strength of B, the PA width becomes 90°, which means B, /B, = sin’6 = g,/(¢, + eq).
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