
Ion heating, acceleration and escape at Mars and Venus,
similarities and differences

H. Nilsson, G. Stenberg, C. Diéval, M. Yamauchi, S. Barabash and R. Lundin
Swedish Institute of Space Physics, Kiruna, Sweden, (hans.nilsson@irf.se, 004698079050)

Abstract

Using data from the ASPERA-3 (Mars) and ASPERA-
4 (Venus) instruments we have investigated the heat-
ing, acceleration and escape of ionospheric origin ions
from Mars and Venus. We have first determined the
average flow properties and average ion distributions
in the vicinity of the planets, from which a net es-
cape flux as well as spatial asymmetries in the escape
fluxes can be determined. One of the main uncertain-
ties concerning the net escape is the possible pres-
ence of plasma of too low energy to be observed by
the ion spectrometers, but still of sufficient energy to
escape. Observations show that there is a clear and
efficient heating of outflowing ionospheric ions. The
large temporal and spatial variability of both plasma
distribution and ion heating still allows for part of this
plasma to remain cold. At Earth hot and cold plasma
follow different outflow trajectories and are typically
found in different regions, with hot outflowing plasma
in the cusp / mantle and cold outflowing plasma in the
lobes. We discuss whether a similar situation may ex-
ist in the more compact induced magnetospheres of
Mars and Venus. Finally we show how different the
induced magnetosphere boundaries of Mars and Venus
are. At Mars there is much more transport across the
boundary, with ionospheric origin heavy ions flowing
into the magnetosheath. Solar wind plasma consis-
tently, though only sporadically, penetrate the induced
magnetosphere boundary of Mars and precipitate. At
Venus we find essentially no ionospheric origin heavy
ions in the magnetosheath, and solar wind penetration
cases are very rare as compared to Mars. Previous
studies have shown clear differences between the bow
shock regions of the two planets. It appears as if the
relatively smaller size of the Mars system in terms of
gyro radii of typical solar wind ions lead to a more
dynamic magnetosheath and induced magnetosphere
boundary, allowing for a different coupling between
the solar wind and planetary plasmas as compared to
Venus.

1. Introduction
We use data from the Mars and Venus Express mis-
sions to study solar wind interaction with the upper
atmospheres of Mars and Venus. In previous studies
we have produced average ion distribution functions
in the near Mars space (Nilsson et al., 2012). We have
used this data to study ion heating and acceleration at
Mars (Nilsson et al., 2012) and to estimate the total
ion escape and its spatial distribution (Nilsson et al.,
2011). In a follow up study we used the same tech-
nique to study ion escape at Venus (Nordström et al.,
2012).

We have also studied ion transport in the other di-
rection, from the solar wind to the atmosphere (Sten-
berg et al., 2011; Diéval et al., 2012). We have found
that the solar wind precipitation at Mars is sporadic
in nature, and the average flux is rather low. Still, in
certain altitude intervals of the atmosphere the precip-
itating solar wind ions may have a effect on the at-
mosphere. It has been suggested that the solar wind
is a significant source of helium for the atmosphere
at Mars (e.g. Stenberg et al. (2011) and references
therein). In our preliminary survey of data from Venus
we found very little solar wind ion precipitation in the
dayside of Venus.

2 Some sample data
In Fig. 1 we show two sample average ion distribution
functions, and in Fig. 2 we show ion outflow from
Mars and Venus in a cylindrical coordinate system.

3 Differences between Mars and
Venus

There are some interesting differences between the so-
lar wind interaction with the upper atmospheres of
Mars and Venus. The induced magnetosphere bound-
ary (IMB) at Venus separates the solar wind origin and
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Figure 2: Heavy ion outflow in cylindrical coordinates from (a) Venus and (b) Mars.
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Figure 1: Two sample distribution functions (a) close
to Mars and (b) in the martian tail. The white contours
in (a) corresponds to a fitted Maxwellian function.

planetary origin plasma domains to a much larger de-
gree than the corresponding IMB at Mars. Presumably
the relatively larger gyro radius of ions of typical mag-
netosheath energies as compared to the total size of
the system plays an important role. Such a difference
is evident already at the bow shock (Yamauchi et al.,
2011).

4 Cold ion outflow at Mars and
Venus

Several recent studies with a sufficient amount of data
for good coverage and good statistics yield similar
net escape estimates from Mars (Lundin et al., 2008;
Nilsson et al., 2011) and Venus (Fedorov et al., 2011;
Nordström et al., 2012). The largest uncertainty con-
cerns the possible presence of cold plasma with too
low energy to be detected by particle detectors but still
with enough energy to overcome gravity. The pres-
ence of a hot upper ionosphere which can be detected
by the ASPERA ion spectrometers indicates that we
frequently do have efficient heating which both affects
the net escape and the ability to measure this escape
with ion spectrometers. There is some indication that,
by extrapolating this data to lower energies, the to-
tal escape flux is almost an order of magnitude larger
than what is estimated in the above mentioned stud-
ies (Fränz et al., 2010), though this data consists of
a few case studies. To fully resolve this question we
may have to further understand the spatial distribution
of ion outflow (so that we can in a reasonable way ex-
trapolate a few careful measurements to obtain a to-
tal escape flux), as well as understand the heating of
the upper atmosphere of Mars and Venus. Can we ex-
pect all ions to be significantly heated, or is it likely



that some populations remain cold enough to avoid de-
tection by particle spectrometers? MARSIS data sug-
gests that there is often much more plasma than mea-
sured by ASPERA, also at some distance in the tail,
but we can neither tell the composition of this plasma,
nor determine whether it will escape. At earth, most
escaping cold plasma consists of protons, which expe-
rience much less heating. At Earth, cold plasma exists
along certain outflow trajectories, whereas in the high
altitude cusp and mantle there is no significant oxy-
gen ion population below the energy threshold of ion
spectrometers most of the time (Nilsson, 2011). The
induced magnetospheres at Mars and Venus are much
smaller than the magnetosphere of Earth, but it is still
possible that there exists different outflow paths with
different amount of heating and acceleration. Deter-
mining this will greatly improve the reliability of any
net escape calculations.

5 Conclusions

The next step in the studies of plasma interaction
around Mars and Venus involves a careful cross-
comparison of plasma phenomena at the two planets.
We present some first results in this area.
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