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Abstract. Recent results showed that the magnetic ﬁeld of M-dwarf (dM) stars, currently the
main targets in searches for terrestrial planets, is very diﬀerent from the solar one, both in
topology as well as in intensity. In particular, the magnetised environment surrounding a planet
orbiting in the habitable zone (HZ) of dM stars can diﬀer substantially to the one encountered
around the Earth. These extreme magnetic ﬁelds can compress planetary magnetospheres to
such an extent that a signiﬁcant fraction of the planet’s atmosphere may be exposed to erosion
by the stellar wind. Using observed surface magnetic maps for a sample of 15 dM stars, we
investigate the minimum degree of planetary magnetospheric compression caused by the intense
stellar magnetic ﬁelds. We show that hypothetical Earth-like planets with similar terrestrial
magnetisation (∼1 G) orbiting at the inner (outer) edge of the HZ of these stars would present
magnetospheres that extend at most up to 6.1 (11.7) planetary radii. To be able to sustain an
Earth-sized magnetosphere, the terrestrial planet would either need to orbit signiﬁcantly farther
out than the traditional limits of the HZ; or else, if it were orbiting within the life-bearing region,
it would require a minimum magnetic ﬁeld ranging from a few G to up to a few thousand G.
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Due to technologies currently adopted in exoplanet searches, dM stars have been the
main targets in searches for terrestrial planets. For these stars, the orbital region where a
planet should be able to retain liquid water at its surface (known as the habitable zone,
HZ) is located signiﬁcantly closer than the HZ of solar-type stars (Kasting et al. 1993).
These factors make dM stars the prime targets for detecting terrestrial planets in the
potentially life-bearing region around the star.
However, in addition to the retention of liquid water, other factors may be important
in assessing the potential for a planet to harbour life. For example, the presence of
a relatively strong planetary magnetic ﬁeld is very likely to play a signiﬁcant role in
planetary habitability. A relatively extended planetary magnetosphere can deﬂect the
stellar wind and other ejecta, protecting the planetary atmosphere against erosion.
In steady state, the extent of a planet’s magnetosphere is determined by force balance
at the boundary between the stellar coronal plasma and the planetary plasma. For the
planets in the solar system, this is often reduced to a pressure balance at the dayside, the
most signiﬁcant contribution to the external (stellar) wind pressure being the solar wind
ram pressure. However, for planets orbiting stars that are signiﬁcantly more magnetised
than the Sun or/and are located at close distances, the stellar magnetic pressure may
play an important role in setting the magnetospheric limits (Ip et al. 2004; Lanza 2009;
Vidotto et al. 2009, 2010, 2012, 2011).
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Figure 1. (a) The minimum degree of planetary magnetospheric compression caused by the
intense stellar magnetic ﬁelds. (b) Closest orbital distance at which an Earth-like planet orbiting
the stars in our sample would be able to sustain the present-day Earth’s magnetospheric size,
assuming it has the same magnetic ﬁeld as the Earth. Adapted from Vidotto et al. (2013).

In the case of dM stars, their magnetic ﬁelds is very diﬀerent from the solar one (in
topology and intensity). Therefore, the magnetised environment surrounding a planet
orbiting in the HZ of dM stars can diﬀer substantially to the one encountered around
the Earth. In the present work, we quantitatively evaluate the sizes of planetary magnetospheres resulting from the pressure exerted by the intense stellar magnetic ﬁelds
found around dM stars. Our approach only invokes a stellar magnetic ﬁeld, neglecting
eﬀects such as dynamic pressures. Figure 1a shows the minimum degree of planetary
magnetospheric compression caused by the intense stellar magnetic ﬁelds for a sample
of 15 dM stars whose magnetic ﬁelds have been observationally reconstructed Donati
et al. (2008) and Morin et al. (2008, 2010). Hypothetical Earth-like planets with similar
terrestrial magnetisation orbiting at the inner (outer) edge of the HZ of these stars would
present magnetospheres that extend at most up to 6.1 (11.7) planetary radii (rp ). To be
able to sustain an Earth-sized magnetospheres (∼ 12 rp ), such planets would require a
minimum magnetic ﬁeld ranging from a few G to up to a few thousand G. Figure 1b
shows the closest orbital distance at which an Earth-like planet orbiting the stars in our
sample would be able to sustain the present-day Earth’s magnetospheric size, assuming
it has the same magnetic ﬁeld as the Earth. Planets orbiting at a closer orbital radius
would experience a stronger stellar magnetic pressure, which could reduce the size of the
planet’s magnetosphere signiﬁcantly, exposing the planet’s atmosphere to erosion by the
stellar wind.
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