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Abstract

Solar cycle variations in solar radiation create density
changes in the Martian ionosphere. This work shows
the solar cycle impact on the ionosphere of Mars,
with particular attention to the different ionospheric
response observed during the period of extreme low
solar activity in 2008 and 2009. This unique
behaviour is analysed on the basis of multiple
instrument observations of the Mars Express
spacecraft and with empirical and numerical models.

1. Introduction

Since the ionosphere is strongly dependent on the
solar activity, a good knowledge of the behaviour of
the ionospheric variability for a whole solar period is
something essential. Using Mars Express data from
the period 2005-2012, differences in the electron
density structure of the Martian ionosphere have been
observed, and seem to be linked to changes in the
ionospheric temperature due to the solar cycle
variation [1]. Plasma parameters such as the scale
height as a function of altitude, the peak
characteristics, the total electron content (TEC), the
temperatures, and the ionospheric pressures are seen
to have characteristic signatures during specific
periods of the solar cycle. The largest variations are
seen during the period of very low solar minimum,
when a reduction in ionization occurs, resulting in a
topside scale height decrease not predicted by
modelling.

2. lonospheric response

Mars’ ionospheric response to the extreme solar
minimum between end-2007 and end-2009 followed
a similar pattern to the response observed in the
Earth’s ionosphere, despite the large differences
related to internal origin of the magnetic field
between both planets.

In the particular case of the topside, the ionospheric
temperature was cooler, and therefore a reduction in
the scale height is found on the observations. Two
different scale heights were observed. From the peak
altitude at about 130 km to nearby 180 km, the
profile is well defined with a constant neutral scale
height like the one defined by Chapman’s theory.
However, from this transition point, the topside
behaviour is better reproduced with a neutral scale
height with a linear variation in altitude, although
with rate slower than the reference scale height. The
solar wind-ionosphere pressure balance might be the
cause since the ratio between these two pressures
could be smaller than in other phases of the solar
cycle, and therefore an induced magnetic field could
be found at deeper/lower ionospheric altitudes than in
other phases of the solar cycle [1].

Regarding the behaviour of the whole atmospheric
TEC [2], an extreme reduction not predicted before is
observed for that period. On average, the TEC shows
a very compressed ionosphere with 30-40% less of
free electrons in the atmosphere than in the preceding
and the following periods. This decrease could be
caused by the prolonged minimum of solar X-ray



radiation measured during that period on Earth. This
radiation is the cause of the formation of the Martian
ionospheric bottomside. To test this hypothesis, radio
science data from Mars Express and modelling
studies are presented and compared with other
datasets.

6. Summary and Conclusions

Plasma parameters such as the scale height as a
function of altitude, the main peak characteristics
(altitude, density), the TEC, the temperatures, and the
ionospheric thermal pressures show variations related
to the solar cycle. Major deviations are detected
during the period of very low solar minimum, when
ionospheric cooling occurs.

This study is based on the comparison of multiple
instrument dataset from the Mars Express Spacecraft.
Empirical and numerical modelling is done to
understand the peculiar behaviour of the Martian
ionosphere during the latest solar minimum.
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