
Are “Habitable” Exoplanets Really Habitable?  −A perspective from atmospheric loss.  C. F. Dong1, Z. G 
Huang2, M. Jin3, M. Lingam4, Y. J. Ma5, G. Toth2, B. van der Holst2, V. Airapetian6, O. Cohen7 and T. Gombosi2, 
1Princeton University (dcfy@princeton.edu), 2University of Michigan, 3Lockheed Martin Solar and Astrophysics 
Lab, 4Harvard-Smithsonian Center for Astrophysics, 5University of California, Los Angeles, 6NASA GSFC, 
7University of Massachusetts, Lowell. 

 
Introduction:  In the last two decades, the field of 

exoplanets has witnessed a tremendous creative surge. 
Research in exoplanets now encompasses a wide range 
of fields ranging from astrophysics to heliophysics and 
atmospheric science. One of the primary objectives of 
studying exoplanets is to determine the criteria for hab-
itability, and whether certain exoplanets meet these 
requirements. The classical definition of the Habitable 
Zone (HZ) is the region around a star where liquid 
water can exist on the planetary surface given suffi-
cient atmospheric pressure, but this definition largely 
ignores the impact of the stellar wind and stellar mag-
netic activity on the erosion of an exoplanet’s atmos-
phere. Amongst the many factors that determine habit-
ability, understanding the atmospheric loss is of para-
mount importance [1,2]. Most of the recent attention 
has been centered around the study of exoplanets orbit-
ing M-dwarfs since the latter are highly numerous in 
our Galaxy (and in the Universe). The study of these 
exoplanets has also received a major boost from the 
discovery of Proxima Centauri b (PCb) [3] and seven 
Earth-sized planets in the TRAPPIST-1 system [4]. 

Method:  In our Solar system, the most sophisti-
cated codes tend to use magnetohydrodynamic (MHD) 
models for modeling the interactions of the solar wind 
with magnetized (such as Earth) and unmagnetized 
(such as Mars and Venus) planets, and the interactions 
of planetary magnetospheric flow with its moons (such 
as Titan). We use the BATS-R-US MHD model [5] 
developed at the University of Michigan that has been 
well validated and applied to different solar system 
objects. For the stellar wind parameters (such as the 
stellar wind velocity, density and interplanetary mag-
netic field), we adopt the AWSoM model [6] to simu-
late those parameters based on the observed magneto-
grams of M-dwarf stars. The BATS-R-US MHD mod-
el is then adapted to exoplanet research by modifying 
the stellar wind inputs and exoplanetary atmospheric 
profiles, compositions, and photochemistry.  

Results:  Fig. 1 presents the contour plots of the O+ 
ion density, the magnetic field strength B and the mag-
netic field lines for unmagnetized and magnetized 
PCb. The total ion escape rate varies from ~ 1026 s-1 
(magnetized) to ~1027 s-1 (unmagnetized) over one 
PCb's orbital period, about 1-2 orders of magnitude 
higher than those of terrestrial planets in our Solar sys-
tem. As the escape losses for PCb in the unmagnetized 
case are about two orders of magnitude higher than our 

Earth (~ 1025 s-1), all of the atmosphere could be de-
pleted much faster--possibly in a span of O(108) years. 
In turn, this has very important ramifications for sur-
face-based life as we know it, given the importance of 
elements like oxygen. 

If gases such as oxygen are depleted on these short 
timescales, sufficient time may not exist for complex 
life to evolve. Our simulations indicate that the escape 
rates for PCb in the magnetized case are higher than 
that of the Earth, implying that some of the above con-
clusions for the unmagnetized case are also valid here. 
However, it is equally important to recognize that the 
magnetized case is quite sensitive to the values of the 
stellar wind parameters [7]. The atmosphere depletion 
could occur over O(108) and O(109) years for the mag-
netized case with minimum and maximum stellar wind 
dynamic pressure Pdyn over one PCb, respectively. 

 

     
Figure 1 The logarithmic scale contour plots of the O+ 
ion (outflow) density (first row) and magnetic field 
strength (second row) with magnetic field lines (in 
white) in the meridional plane for the unmagnetized 
(UnMag) and magnetized (Mag) PCb [7]. 
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