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Abel transform of exponential functions for planetary and
cometary atmospheres with application to observation of
46P/Wirtanen and to the Ol 557.7 nm emission at Mars.
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Line-of-sight integration of emissions from planetary and cometary atmospheres is the Abel
transform of the emission rate, under the spherical symmetry assumption. Indefinite integrals
constructed from the Abel transform integral are useful for implementing remote sensing data
analysis methods, such as the numerical inverse Abel transform giving the volume emission rate
compatible with the observation. We obtain analytical expressions based on a suitable, non-
alternating, series development to compute those indefinite integrals. We establish expressions
allowing absolute accuracy control of the convergence of these series depending on the number
of terms involved. We compare the analytical method with numerical computation techniques,
which are found to be sufficiently accurate as well. Inverse Abel transform fitting is then tested in
order to establish that the expected emission rate profiles can be retrieved from the observation
of both planetary and cometary atmospheres. We show that the method is robust, especially
when Tikhonov regularization is included, although it must be carefully tuned when the
observation varies across many orders of magnitude. A first application is conducted over
observation of comet 46P/Wirtanen, showing some variability possibly attributable to an evolution
of the contamination by dust and icy grains. A second application is considered to deduce the
557.7 nm volume emission rate profile of the metastable oxygen atom in the upper atmosphere of
planet Mars.
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