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ABSTRACT

Aims. We study the influence of the X-ray luminosity distribution of dM stars on mass loss from planets on close-in orbits.
Methods. Using the X-ray luminosity of the Pleiades, the Hyades, and field dM stars, we construct a scaling law for the radiation
environment of dM stars for ages between 0.1 and 10 Gyr. An energy-limited escape approach is used to calculate the influence of
thermal mass loss on planetary distribution functions.
Results. We show that the X-ray luminosity distribution of nearby dM stars can be described by using a scaling law derived from
observations of open clusters with a given age. It is shown that the X-ray flux from dM stars is significantly less than the flux from
dG stars for a given orbital distance. Therefore, loss processes have less of an impact on the mass evolution of planets orbiting
dM stars. We found that the mass loss is negligible for hydrogen-rich Jupiter-mass planets at orbits >0.02 AU, while Neptune-mass
planets are influenced up to 0.05 AU. At orbits of 0.02 AU, Roche lobe eﬀects are also having a strong impact on the mass-loss
evolution. Because of the low mass of dM stars, Roche lobe eﬀects are less eﬀective for loss processes at planets orbiting these stars.
Finally, if we use only the X-ray luminosity of their host stars for the energy input to the atmosphere, we obtain a lower limit for the
mass loss of GJ876d and GJ674b. This does not allow us to conclude whether they are remnants of eroded Jupiter-mass planets.
Key words. X-rays: stars – stars: luminosity function, mass function – planets and satellites: general – stars: late-type –
stars: planetary systems

1. Introduction
A large fraction of the stars in our galactic neighborhood are
M dwarf stars with masses between 0.1 and 0.5 M . While their
low luminosity makes it more diﬃcult to obtain high signalto-noise observations, their low stellar mass and radius make
it easier to detect low mass and small planets because of their
higher contrast in radial velocity and transit photometric occultation depth. Observations indicate that dM stars might be a suitable environment for hosting planets, since accretion disks are
rather common around young dwarf stars (e.g., Liu et al. 2004;
Lada et al. 2006). From simulations it was found that Neptunemass planets might form more frequently around low-mass stars
than Jupiter-mass planets, but the presence of the latter is not
ruled out (Laughlin et al. 2004; Ida & Lin 2005). Until now
(October 2007), there are 6 M dwarfs known to harbor planets. The planets orbiting GJ 436 (Butler et al. 2004), GJ 581
(Bonfils et al. 2005; Udry et al. 2007), and GJ 674 (Bonfils et al.
2007) have significantly lower masses than Jupiter, but there are
also 4 Jupiter-mass companions found around M dwarfs, namely
around GJ 876 (Marcy et al. 1998; Rivera et al. 2005), GJ 849
(Butler et al. 2006), and GJ 317 (Johnson et al. 2007). The triple
system around GJ 876 (Rivera et al. 2005) harbors two Jupitermass planets and the Super-Earth GJ 876d. However, none of
them is a close-in Hot Jupiter. From these observations it has
been suggested that the frequency for hosting Jupiter-mass planets is 2−3 times greater for solar-mass stars than for M dwarfs
(Butler et al. 2006; Johnson et al. 2007).
In this work we will discuss the influence of high-energy radiation from dM stars on atmospheric loss of planets in close-in
orbits with masses ranging from 0.2 Mnep −5 Mjup as done for
dG stars in Penz et al. (2008). We will take the evolution of activity during the main sequence life into account, and in particular

we use the X-ray luminosity distribution function for dM stars
from the Pleiades and the Hyades (Preibisch & Feigelson 2005),
which have a known age, to construct a scaling law for the temporal evolution of X-ray luminosity distribution function from
0.1−12 Gyr similar to what was done by Penz et al. (2008) for
dG stars. One advantage of using the X-ray luminosity functions
is that they allow us to also take the flare frequency into account.
Indeed, the X-ray luminosity functions are obtained from a large
sample of stars, assuming that they are ergodic systems, and the
derived luminosity functions will automatically account for the
time that a star spend flaring, except perhaps for the rarest events.
These X-ray luminosity distributions will be used as input
for a modified energy-limited escape approach formula (Erkaev
et al. 2007; Penz et al. 2008) to study mass-loss processes from
exoplanets. This is a novel approach, because previous models investigating loss from planetary atmospheres (e.g., Lammer
et al. 2003; Yelle 2004; Lecavelier des Etangs et al. 2004;
Baraﬀe et al. 2004, 2005; Tian et al. 2005; Hubbard et al.
2006, 2007; Garcia Muñoz 2007) have focussed on solar-type
G stars. Lecavelier des Etangs (2007) also included dM stars in
his work, but does not take the luminosity distribution of these
stars into account. The topic of the high-energy radiation impact
of dM stars on planetary atmospheres is also discussed in Scalo
et al. (2007) and Selsis et al. (2007) in a qualitative way, but they
do not present detailed calculations of atmospheric escape. Here
we present a detailed study on atmospheric loss caused by X-ray
luminosity from M dwarf stars.

2. Temporal evolution of M dwarf X-ray luminosity
The Sun in Time program (Dorren & Guinan 1994; Ribas et al.
2005) was established to investigate the radiation history of
solar-type G stars. Similar programs were proposed for lower
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mass stars (Guinan et al. 2007) where a sample of 15 M dwarf
stars with various age should be used as proxies. However, such
an approach suﬀers from large uncertainties due to the diﬃculties precisely dating dM stars. In particular, all the methods used (activity, kinematics, etc.) are statistical age indicators
and so work for large samples. Therefore we are following another approach based on open clusters, which also has the advantage of taking into account the whole range of X-ray luminosity
from dM stars, which is varying over more than one order-ofmagnitude for a given age (e.g., Schmitt et al. 1995; Preibisch &
Feigelson 2005). We are forced to work with X-ray data, since
due to stellar absorption, it is not possible to achieve information
about a large sample of stars in the EUV from 200−900 Å. Since
X-rays play an important role in the heating of planetary atmospheres (Cecchi-Pestellini et al. 2006), we consider this to be a
first step in understanding thermal escape processes from planets
orbiting dM stars. Since our study does not include XUV radiation, the results can be considered as lower limits.
To investigate the temporal evolution of the X-ray luminosity, we consider data from stellar clusters with a given age, similar to Penz et al. (2008). In this case we may precisely date the
stars (using the cluster age) and, at the same time, may account
for the spread of the X-ray luminosity at a given age. We used the
the Pleiades with an age of about 100 Myr (Stauﬀer et al. 2005)
and the Hyades with an age of about 600 Myr (Stauﬀer et al.
2005). The X-ray luminosity distributions for M dwarfs in these
clusters can be found in Preibisch & Feigelson (2005), who use
data from Stelzer & Neuhäuser (2001). The median values of the
luminosity distributions are LX = 1028.75 erg/s for the Pleiades
and LX = 1028.15 erg/s for the Hyades (Fig. 1). Additionally, we
need a distribution for older stars, where no clusters have been
observed up to now for sensitivity reasons. Therefore we use
Prox Cen as a proxy for older stars. Using astroseismology, the
age of the triple system has been determined to be around 6 Gyr
(Eggenberger et al. 2004; Miglio & Montalbán 2005). From the
NEXXUS database (Schmitt & Liefke 2004), the X-ray luminosity of Prox Cen is found to be LX = 1026.81 erg/s outside of
significant flares. In contrast to dG stars, the luminosity function for dM stars in the Pleiades and the Hyades cannot be fitted well by using a log-normal distribution (compare with Penz
et al. 2008), so we use the observed distribution functions and
inter/extrapolate from 0.1−12 Gyr in order to achieve the temporal behavior of the X-ray luminosity under the assumption that
the distribution function at the age of 6 Gyr has a median value
corresponding to the X-ray luminosity of Prox Cen and the same
shape as for the Hyades. For the median value of the X-ray distribution function, a scaling law

t ≤ 0.6 Gyr
0.17L0t−0.77
LX =
(1)
t > 0.6 Gyr
0.13L0t−1.34
can be found, where L0 is the mean log luminosity of the
Pleiades (1028.75 erg/s) and t the age of the system in Gyr. In
Fig. 2 the temporal evolution of LX is shown for dM stars and
compared with the one for dG stars derived by Penz et al. (2008).
Additionally, we show the X-ray luminosity given in Schmitt &
Liefke (2004) for the planet hosting stars GJ 876 (1026.5 erg/s)
and GJ 674 (1027.6 erg/s). The bars indicate the uncertain age of
the stars, which is between 0.1−1 Gyr for GJ 674 (Bonfils et al.
2007) and 6−10 Gyr for GJ 876 (Saﬀe et al. 2005).
The consistency of the scaling law (Eq. (1)) can be verified by reconstructing the observed X-ray luminosity function
for nearby dM stars where a mixture of age is present, as given
in Schmitt et al. (1995) assuming a constant stellar birth rate and
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Fig. 1. Observed luminosity distribution functions for dM stars for the
Pleiades and the Hyades (from Stelzer & Neuhäuser 2001) and the field
(from Schmitt et al. 1995). The dashed line shows the reconstructed
luminosity distribution using the method described in the text.
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Fig. 2. The temporal evolution of LX of dM stars (solid lines) and of
dG stars (dashed lines). The thick lines give the median value, while
the shaded areas represent the 1σ equivalent of the observed luminosity distributions. The values for G stars are from Penz et al. (2008).
The horizontal bars indicate the observed X-ray luminosity and age for
GJ 876 and GJ 674.

a maximum age of 12 Gyr as in Penz et al. (2008). As can be
seen from Fig. 1, a good agreement is found.
One can see that the X-ray luminosity of dM stars is several times lower than for dG stars, consistent with other studies
(e.g., Preibisch & Feigelson 2005). Interestingly, it can be seen
that the upper 1σ curve is flatter than the curve for the median
value and the lower 1σ curve. This most likely indicates a saturation eﬀect at high luminosities as observed by Pizzolato et al.
(2003). The saturation of coronal emissions implies a maximum
value of log(LX /Lbol ) ≈ −3 (Vilhu & Walter 1987), therefore the
maximum X-ray luminosity that may be reached by a dM star is
lower than the maximum value of dG stars. This implies that the
saturation lasts a longer time in dM stars because of their lower
bolometric luminosity. Some authors (Selsis et al. 2007; Scalo
et al. 2007; Lammer et al. 2007) have discussed the temporal
evolution of the ratio LX /Lbol , which is higher for dM stars than
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Fig. 3. Similar as Fig. 2, but for LX /Lbol . The horizontal dashed-dotted
line marks the saturation level of 10−3 (Vilhu & Walter 1987).

for dG stars. They conclude that planets around M dwarfs might
be exposed to higher radiation levels over a longer time period
compared with dG stars. This is only true in the habitable zones
of the respective stars, which are defined by Lbol , thus LX /Lbol
gives a useful estimate for comparing the X-ray flux received by
planets in the habitable zones of diﬀerent stars. For comparison,
we plot in Fig. 3 the ratio LX /Lbol 1 , which is in qualitative agreement with the curves shown by Selsis et al. (2007) and Scalo
et al. (2007). However, from LX /Lbol we cannot directly derive
the energy input for a planet at a given distance, so we use LX in
the following, which is lower for dM stars than for dG stars at a
given age and orbital distance.

3. Atmospheric loss from gas planets orbiting
dM stars
Close-in exoplanets are subject to intense incident X-ray radiation, which can lead to high heating rates in their atmospheres,
causing an expansion and atmospheric loss from the planet. Here
we use a modified energy-limited escape approach, which has
been developed by Erkaev et al. (2007) based on the work by
Watson et al. (1981). It is a model for an escaping hydrogen atmosphere where the total incoming energy from stellar radiation
is absorbed in a narrow region where the optical depth is unity.
Erkaev et al. (2007) include the influence of Roche lobe eﬀects,
which are important at close-in distances. The same approach
was also used in Penz et al. (2008), so we shall be brief in the
following. The planetary mass loss is given as
4πR3pl F X
dM
=
·
dt
mMpl GK

(2)

Here, Rpl and Mpl are the radius and mass of the planet, m the
mass of the hydrogen atom, G the gravitational constant, F X the
flux at the planets orbit derived from LX , and K takes Roche lobe
eﬀects into account (Erkaev et al. 2007).
For dG stars we use the bolometric luminosity of the Sun (Lbol =
3.8 × 1033 erg/s), while for dM stars we use Lbol = 1032 erg/s (Cox
2001).
1

Fig. 4. Planetary mass distribution after 4 Gyr for an initial mass
of 1 Mjup , densities of 0.4 (solid lines) and 1.4 (dashed lines) g/cm3
at 4 Gyr, and orbital distances of 0.02 and 0.05 AU (starting from the
lower curve). For comparison, the distribution function for low-density
planets orbiting dG stars at 0.02 AU is also shown (dashed-dotted line;
taken from Penz et al. 2008).

3.1. Final planetary mass distribution for a single initial mass

For a given starting mass it is possible to trace the mass evolution
of strongly irradiated gas planets by combining Eqs. (1) and (2).
Since the X-ray luminosity is given in the form of a distribution
function, the result of our calculations gives a mass distribution
for the planetary mass. One important quantity that needs to be
known is the density of the planet. Since the observed densities
vary over a wide range, we use the temporal evolution of the
planetary radius suggested by Lecavelier des Etangs (2007). The
temporal evolution of the density following from the scaling law
they have derived is given as 1/(1 + βt−0.3 )3 , where β = 0.2 for
Mp ≥ 0.3 Mjup , and β = 0.3 for Mp ≈ 0.1 Mjup . As shown in
Penz et al. (2008), it is justified to stop the loss calculations after
4 Gyr, since the mass loss occurring after that time is negligible
for G stars and will be even smaller for planets orbiting M stars
as we have verified. In the following, we assume the mass of the
host star to be 0.3 M .
First, we apply this approach to an initial mass of one Mjup .
We normalized the density scaling law to the observed density
range from 0.4 to 1.4 g/cm3 at an age of 4 Gyr. In these cases,
the initial density at 0.1 Gyr is 0.22 and 0.73 g/cm3 , respectively.
Even at an orbital distance of 0.02 AU, none of the planets is
completely evaporated. Two percent of the planets are losing
slightly more than 50% of their mass for low-density planets,
while nearly 90% of these planets can retain more than 80%
of their mass (Fig. 4). For higher densities or larger orbital distances, virtually all planets retain their initial mass and are not
aﬀected by these mass-loss processes. For comparison, we also
show the planetary mass distribution for low-density planets orbiting a G star at 0.02 AU (Penz et al. 2008). One can clearly
see that mass loss processes are much more eﬃcient for planets
around dG stars.
In Fig. 5 the planetary mass distribution is shown for planets
with a starting mass of one Mnep after 4 Gyr. The normalized
density at 4 Gyr are 0.8 and 2 g/cm3 (according to the density of
GJ 436b (Gillon et al. 2007)), respectively. For the density evolution we use the scaling law of Lecavelier des Etangs (2007)
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Fig. 5. Similar to Fig. 4, but for an initial mass of 1 Mnep , and densities of 0.8 (solid lines) and 2.0 (dashed-dotted lines) g/cm3 after 4 Gyr.
The dashed-dotted line shows the distribution function for a low-density
Neptune orbiting a dG star at 0.02 AU.

valid for planets with Mp ≈ 0.1 Mjup . At an orbital distance of
0.02 AU, 10% of the low-density and 1% of the high-density
planets are evaporated or eroded to their rocky/icy cores. This
implies that most of the planets at close-in orbits can retain
an H/He envelope over a lifetime, as indicated by observations
(Demory et al. 2007) and modelling (Adams et al. 2007). Both,
42% (low density) and 80% (high density) of the planets can
keep more than 80% of their initial mass. For a larger orbital
distance of 0.05 AU, no planets are evaporated/eroded and only
a few percent are subject to a loss of more than 20% in the lowdensity case. For comparison, the planetary mass distribution is
again shown for a low-density planet at 0.02 AU around a G star.
One can see that evaporation eﬀects are much stronger in this
case.
3.2. Roche lobe and radiation effects for dM and dG stars

The approach used in the work by Penz et al. (2008) and in this
paper also allows quantification of the influence of Roche lobe
eﬀects (Lecavelier des Etangs et al. 2004; Erkaev et al. 2007)
and comparison with the influence of the host stars’ radiation.
In general, for planets with the same mass at the same orbit,
Roche lobe eﬀects are less pronounced at low-mass dM stars,
since their mass is lower, shifting the L1 point away from the
planet, resulting in lower mass loss.
To illustrate the eﬀect, we assumed that stars with diﬀerent
masses have the same radiation output and evolution. Figure 6
shows the final planetary distribution function for a low-density
Neptune-mass planet orbiting at 0.02 AU for stellar masses ranging from 0.1−2 M around a star with the radiation environment
of dG stars according to the scaling law given in Penz et al.
(2008) and for dM stars according to the scaling law given in
Eq. (1). With increasing stellar mass, the Roche lobe eﬀect leads
to higher losses when leaving all other parameters unchanged.
For a mass of 0.1 M , only 5% of the planets can be evaporated, while this number increases to 10% for 0.3 M , and 20%
for 1 M assuming the radiation of dM stars. For the radiation history of dG stars, the values ranging from 60% to 83%
for 0.1 M to 1 M . Comparing the curves for 0.3 M and
the dM star radiation with the 1 M curve for dG stars shows

Fig. 6. Mass-loss eﬀects for a planet with an initial mass of 1 Mnep and
a final density of 0.8 g/cm3 at 0.02 AU after 4 Gyr for the radiation
environment of dG stars (dashed lines) and of dM stars (solid lines).
The numbers indicate the stellar mass in M . RA indicates the range of
radiation eﬀects, RO indicates those for Roche lobe eﬀects.

the cumulative eﬀect of radiation and Roche lobe eﬀects, which
gives 10% evaporated planets for dM stars and 84% evaporated
planets for dG stars. Figure 6 enables us to split up the diﬀerent
eﬀects. The diﬀerence between the 0.3 M curves for dG and
dM star radiation history gives the eﬀect of the diﬀerent radiation scaling laws between dM and dG stars (denoted RA),
which is responsible for about 57% of the evaporated planets.
The remaining 17% are because of the Roche lobe eﬀect (the
diﬀerence between the 0.3 M and the 1.0 M curve for G star
radiation denoted RO). From this consideration it can be seen
that Roche lobe eﬀects are important, but the diﬀerent radiation
regimes give the main contribution for the diﬀerent loss rates of
Neptune-mass planets.
For Jupiter-mass planets the absolute loss is much smaller, so
the involved processes are also less pronounced. However, the
Roche lobe eﬀect is rather important, just because the relative
radiation-induced mass loss is small. At planets with the mass
of Saturn, the eﬀects of radiation and Roche lobe eﬀects make a
similar contribution to the total mass loss.
3.3. Final planetary mass distributions for an initial flat mass
distribution

As in Penz et al. (2008) we assume a flat distribution of masses
ranging from 0.2 Mnep up to 10 Mjup . The resulting distribution
functions after 4 Gyr are plotted in Fig. 7. For the close-in orbit
of 0.02 AU, 11%, and 2% of the planets are lost, for a density
of 0.4 and 1.4 g/cm3 , respectively. At a distance of 0.05 AU, none
of the planets are lost. Due to the mass loss the final distribution
functions are shifted to lower masses compared with the initially
flat distribution. If we compare these mass distributions with the
one for dG stars we can see that Jupiter-mass planets are less
eﬀected and the distribution function in this mass range is similar
to the initial distribution for dM stars. In the low-mass tail, fewer
planets are found around dG stars because of the higher radiation
emitted by these stars.
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The most challenging known planet to prove theories about atmospheric evaporation is GJ 876d (Rivera et al. 2005), which is
the innermost planet in a triple system with two Jupiter-mass
planets. It has a mass of 0.024 Mjup and is orbiting at a distance
of 0.021 AU. Its host star is an M star with a mass of 0.32 M
and an estimated age between 6.5 and 9.9 Gyr (Saﬀe et al. 2005,
and references therein). The X-ray luminosity of GJ 876 is given
by Schmitt & Liefke (2004) with 1026.49 erg/s. It can be seen
in Fig. 2 that it is a quiet star with an X-ray luminosity below
the median value at its age. We use the scaling law derived in
this paper to discuss possible evolutionary scenarios for GJ 876d.
Since the density of this planet is unknown, we use a range
from 0.1−10 g/cm3 and assume an age of the system of 10 Gyr.
Now we can calculate the starting mass of the planet at 0.1 Gyr,
which is shown in Fig. 8. One can see that, only for very low
densities of <0.1 g/cm3 , the starting mass of the planet has to be
about 4 × 1026 g (∼0.2 Mjup ), which is still below the mass of
Saturn. For densities above 1 g/cm3 , no significant change in the
mass is caused by X-ray radiation.
To calculate the survival probability of such a planet, we assume that the planet had an initial mass of 0.024 Mjup and calculate how such a planet would evolve. This is shown in Fig. 9,
where it can be seen that for low densities up to about 0.5 g/cm3
the planet can be evaporated. For densities up to 2 g/cm3 , significant parts of the atmosphere can be lost, but the planet can
survive. For higher densities the change in the planetary mass is
negligible. These results are diﬀerent from the results obtained
by Lecavelier des Etangs (2007), who concluded that GJ 876d
must have at least a density higher than 3.1 g/cm3 to survive over
5 Gyr. The reason for this disagreement is mainly based on the
diﬀerent radiation input used in this work. Lecavelier des Etangs
(2007) uses a median value for the XUV luminosity of dM stars
derived by Hodgkin & Pye (1994) and scales this value using the
present-day solar EUV luminosity. This approach relies on the
median value given by Hodgkin & Pye (1994), which is based on
a detection rate of only 10%; therefore the quoted median value,
computed with a maximum likelyhood technique, is indeed an
upper limit to the true median value. Additionally, it assumes
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4. Loss history of GJ 876d and GJ 674b
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Fig. 9. The mass evolution of GJ 876d over 10 Gyr for densities from
0.1−10 g/cm3 using an initial mass of 0.024 Mjup .

that the correlation for the S2 luminosities between dM and
dG stars is valid for the whole wavelength range from 1−1180 Å
flux, for which the solar EUV luminosity is derived. Using the
value of 2.9 erg cm−2 s−1 given by Lecavelier des Etangs (2007)
for dM stars, a median EUV luminosity of 1027.91 erg/s is derived
for 4.6 Gyr. Using the scaling law for the radiation evolution
following t−1 as proposed by Lecavelier des Etangs (2007), the
EUV luminosity of GJ 876 at an age of 10 Gyr is 1027.57 erg/s,
while we used the observed X-ray luminosity of 1026.49 erg/s
(Schmitt & Liefke 2004). This diﬀerent treatment of the radiation input explains the diﬀerent conclusions drawn in these
works. The results presented in our paper should be considered
as a lower limit since we only investigate the contribution of
X-rays. Unfortunately, this precludes a definitive conclusion on
the nature of GJ876d.
From Fig. 2 it is obvious that GJ 674 is also a quiet star,
even if younger. Its age is ranging from 0.1−1 Gyr (Bonfils
et al. 2007) and the X-ray luminosity given in Schmitt & Liefke
(2004) is 1027.6 erg/s. Assuming an age of 1 Gyr, we can calculate the initial mass of its companion, whose present mass
is given as 0.037 Mjup and whose orbital distance is 0.039 AU
(Bonfils et al. 2007). From Fig. 10 it can be seen that even
for unrealistic densities of 0.1 g/cm3 , the initial mass was
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since most of the eﬀects occur at a young age. Also the EUV
flux from 200−900 Å, where we have no information because of
strong interstellar absorption, should be investigated and added
in future.
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about 1.7 × 1026 g (∼0.1 Mjup ). For densities around 1 g/cm3 ,
the mass loss is already negligible. In the case of this exoplanet,
it is very unlikely that it evolved from a higher mass planet due
to thermal mass loss eﬀects to its present mass.

5. Conclusions
In this work we investigate the influence of the X-ray luminosity
distribution of dM stars on the mass loss from planets orbiting at
close-in distances. The X-ray flux emitted by dM stars is smaller
than for dG stars, therefore planets with the same parameters
are less aﬀected by mass loss processes if they are orbiting an
M dwarf. We find that Jupiter-mass planets cannot be completely
evaporated, even if they have a low density of 0.4 g/cm3 after
4 Gyr. For Neptune-mass planets with a density of 0.8 g/cm3 ,
10% of the planets might be evaporated or eroded to its dense
core, while the remaining 90% of the planets are able to keep an
H/He envelope or even remain hydrogen-rich gas planets over
their lifetime. Splitting up the Roche lobe and the radiation effect, we show that the radiation eﬀect has a stronger eﬀect on
Neptune-mass planets, while the Roche lobe eﬀect becomes relatively strong for Hot Jupiters, where radiation-induced mass
loss is small. An initially flat mass distribution for planets with
masses ranging from 0.2 Mnep to 10 Mjup is mainly influenced at
masses below 1 Mjup , and at a distance of 0.02 AU, 11% of the
low-density planets are lost. Finally, we investigate the mass loss
for GJ 876d and GJ 674b. Both are orbiting quiet stars, and for
planetary densities >1 g/cm3, no significant change in the mass
is caused by the incoming X-ray radiation.
The presented work is subject to several simplifications because of the limited data available, discussed in detail in Penz
et al. (2008). The scaling law used for the density is a simplified approach and cannot be applied to planets with masses
lower than Neptunes. Further modelling and observations should
help to overcome this problem. The assumed heating eﬃciency
of 100% is another simplification, which might be resolved by
detailed radiative transfer calculations. The derived scaling law
for the X-ray luminosity is based on a few points, and especially
for ages >600 Myr it is not possible to gather information about
luminosity distributions of older clusters with the current instrumentation. However, this assumption is not cruciallinebreak
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