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Abstract

The escape of atmospheric constituents from a plane-
tary atmosphere is strongly connected to the radiation
and particle environment of the host star and its evolu-
tion. At Earth, the most efficient heating processes in
the thermosphere are the collisions between electrons
and ions that are created by photoionization of atmo-
spheric neutrals. Therefore, the most important wave-
length range relevant for heating is the EUV radiation
at wavelengths < 90 nm which can ionize CO32, CO,
N>, and O.

According to recent simulations of the Earth’s
nitrogen-rich thermosphere [1] , the temperature of the
upper atmosphere is not expected to rise above 7000
- 8000 K even under extreme solar EUV conditions.
When the solar EUV flux exceeds some critical value,
the upper thermosphere starts cooling due to adiabatic
expansion which results in a decrease of the exobase
temperature. Under these extreme solar conditions,
which may have prevailed in our solar system during
the first billion year after the formation of the Earth,
the exobase may expand above the magnetopause and
the magnetosphere will not be able to protect the upper
atmosphere against strong non-thermal erosion by the
solar wind.

At dwarf stars (like M-stars) the period of extreme
stellar wind and radiation may have lasted even longer.
We therefore discuss whether a terrestrial exoplanet
orbiting about an active dwarf star can maintain an
earth-like nitrogen-rich atmosphere. Our results sug-
gest that even a substantial amount of cooling species
like CO2 being present in the thermosphere over the
entire periode of extreme stellar conditions might not
be sufficient to prevent the nitrogen from being com-
pletely lost.

Figure 1 displays the subsolar/substellar magne-
topause distance for two different magnetic moment
evolution scenarios (grey and dotted area) as a func-
tion of the stellar EUV flux. The short-dashed, dashed
and dashed-dotted lines represent the exobase alti-

tude for three different amounts of CO2 in the atmo-
sphere. As can be seen, even for a CO2-rich atmo-
sphere (96% CO2) the exobase will extend beyond the
magnetopause for EUV fluxes 30-40 times the present
one and will thus be subject to strong stellar wind ero-
sion.

We therefore conclude that the likelihood for the ex-
istence of earth-like planets orbiting M-stars with an
atmospheric composition similar to that of the present-
day Earth may be greatly reduced. This will have im-
portant consequences for the habitability of earth-like
exoplanets in M-star systems.

F \ TPALCO, - -]
131 \ 100 PAL CO, ----|7]
1E % 96% CO, -

£ o

< IF

5

3 o ;

L i i Mea i e S—
40 30 20 10 7 54 3 2 1

EUV/EUVresent

Figure 1: Subsolar magnetopause distance for two dif-
ferent evolution models (dotted and grey area) of the
planetary magnetic moment. The width of the areas
arises from uncertainties in the evolution of the so-
lar wind density. The short-dashed line represents
the extension of the planetary exosphere for a COs-
dominated atmosphere, the dashed line corresponds
to a present-day atmosphere with 100 Present Atmo-
spheric Level (PAL) CO2, and the dashed-dotted line
represents the exobase altitude for a present-day (1
PAL) atmosphere [2]. The values are given in plan-
etary radii from the planetary center.
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