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Abstract. In this work we applied the previously developed self-consistent 1D model of hydrogen-
helium atmosphere with suprathermal electrons to close-in hot neptune GJ 436 b. The obtained
height profile of density shows the two-scale structure of the planetary atmosphere. The mass-loss
rate is found to be about 1.6 × 109gs−1.
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Many of recently discovered exoplanets with extended hydrogen-helium atmospheres
are orbiting their host stars on very close orbits. Extremely high soft X-ray and ultraviolet
(XUV) radiation causes the hydrodynamic escape of their gaseous envelopes. Such effects
have been already observed for some planetary systems with either giant planets and
smaller ones like super-Earths. Hot neptunes are extrasolar planets with masses and
radii about the mass and radius of our Neptune in the Solar system, but are orbiting
closer to their host stars (closer than 0.1 AU). The thermospheric temperatures of such
planets are extremely high, up to thousands Kelvin. Such high temperature is caused by
absorption of host-star XUV radiation.

In this work we present the atmosphere model of the well-known hot neptune GJ 436 b.
The envelope was obtained using a previously developed self-consistent one-dimensional
aeronomic model of the hydrogen-helium atmosphere, which includes the presence of
suprathermal electrons (Ionov et al. 2017). This object was observed by the Hubble Space
Telescope (HST) which showed the clear presence of extended gaseous envelope formation
with the size comparable to the host star disk radius. The COS/HST independent transit
observations have shown a 50% absorption in the Ly-α line in the Doppler velocity shift
range (-120, -40) km/s (Ehrenreich et al. 2015, Lavie et al. 2017). The data also showed
the presence of a dense cloud in front of the planet and its long gaseous tail.

The main advantage of the model used is the including of suprathermal particles
contribution which leads to the more accurate calculation of atmospheric heating and,
accordingly, clarifying the rate of its outflow Ionov et al. (2017), Ionov et al. (2018).
Close-in exoplanets are exposed to the very high fluxes of XUV star radiation which
makes the accurate heating calculations very important. High-energy radiation heats the
upper atmosphere, ionizing atomic hydrogen and helium. Part of this radiation energy
passes into the kinetic energy of reaction products. Usually, if the fresh photoelectron
energy exeeds the thermal energy by several orders of magnitude (suprathermal particle),
it can enter into a secondary reaction of ionization or excitation of other atmospheric par-
ticles. At the same time, the kinetic energy that the suprathermal electron had initially
is expended. Taking into account these processes makes a significant contribution to the
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Figure 1. Outflow temperature and density of exoplanet GJ 436b as a function of height. Solid
grey line represents Shaikhislamov et al. (2018), dotted black line represents Loyd et al. (2017),
solid black line represents this work.

dynamics and energy of the exoplanetary atmosphere Ionov et al. (2017), Ionov et al.
(2018).

The obtained height profiles of the atmospheric temperature (Figure 1a) and density
(Figure 1b) of the simulated exoplanet were calculated, they differ significantly from
the results of other authors, as the accounting of photoelectrons leads to a decrease in
the rate of atmospheric heating and, accordingly, the rate of mass loss, which affects
the evolution of the gaseous envelope of a hot exoplanet at astronomical times. The
calculations revealed a two-level structure of the atmosphere under study. The lower
part of the atmosphere is more massive and has an exponential density decrease (see
distances less then 1.2 r/r0). The density of the upper atmosphere, the corona, changes
much slower (see, distances above 1.2 r/r0) according to the height scale, which responds
to a higher temperature at the peak of the gas heating. The preliminary calculated mass
loss rate is found be Ṁ = 1.6 × 109gs−1. It is lower than Shaikhislamov et al. (2018) and
Loyd et al. (2017) calculations (Ṁ = 3.1 × 109gs−1) and is close to the upper estimate
in the Kulow et al. (2014) calculations (Ṁ = 3.7 × 106 − 1.1 × 109gs−1).
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