R005-P01
RZXZ2—3 1 11/25 PM1/PM2 (13:15-18:15)

3 39(7‘5%5526&41 \/ﬁﬁq/mﬁsﬁ?—/\ al—>aric&k 5*”3‘311@}?‘;33‘75,1»%57}(

RARDIFANBERET ) VT
#EEF T ), AR R D, B0 IEART 2, S R ), MR R, R SOKR Y, B TEE D, 5 HE
(BRI, C dLk, @ ok, @ ek

Non-thermal escape of expanded hydrogen atmosphere on early Earth modeled
by a 3D multispecies magnetohydrodynamic simulation
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The most important element for Earth and other planets to hold oceans on the surface is the atmosphere. The atmospheric
evolution has been controlled by the supply of gas from Earth’s crust and its escape into space. Non-thermal atmospheric
escape, such as ion pickup, which is one of the major processes of atmospheric escape, depends on the planet’s intrinsic
magnetic field, the solar wind, and solar XUV flux. Quantitative evaluation and long-term variability of each process are
important for understanding the atmospheric evolution, but there is a lack of in-situ observations of the escape regions of
each planet, which is a major unsolved problem. Previous studies have estimated the non-thermal escape rates from the
planetary atmospheres such as Mars and Venus, using the global numerical simulations. For example, the atmospheric
escape simulation of past Mars have shown that when the XUV flux increases 100 times compared to the present day, the
atmospheric temperature (Kulikov et al., 2007) and ion production rate increase, and the escape rate increases by 10*~5 times
(Terada et al., 2009). However, these studies are based on estimates of the composition of the present neutral atmosphere
and are based on the assumption that the early Martian atmosphere was COs-rich and dry with a low greenhouse effect as
well as the present Mars. On the other hand, the early atmosphere likely had a hydrogen-dominant atmosphere (Yoshida and
Kuramoto., 2021), which is different from the present. A similar problem remains unresolved on Earth.

Here we hypothesized a hydrogen atmosphere of the early Earth (Yoshida and Kuramoto., 2021, altitude range of
1000~°185000km, the maximum density of 3 X 10'2/cm?), assuming an XUV flux 100 times larger than present, and
investigated the non-thermal escape rate of atmospheric ions using a 3D multispecies magnetohydrodynamic (MHD) model
(Terada et al., 2009). We assume that the early earth was in a non-magnetized period, when the influence of the solar wind
would be large, such as during geomagnetic reversals. We set the solar wind speed to 1800 km/s , density to 2100/cc, and
IMF absolute value to 7nT. As a result, the atmospheric escape rate at 200 R, on the night side is found to be 4.0 X 10?8/s
for Ho* and 5.0 X 1033/s for H'.(R, is the radius of the Earth 6380 km.) A bow shock was formed at about 60 R,, on the
dayside, and inside it, an expanded ionosphere was formed with the maximum plasma density of 5.4 X 10%/cc due to the
expanded atmosphere. The altitudes where the escape rates are large corresponds to the expanded ionosphere. The solar
wind magnetic field penetrated into the expanding ionosphere on the dayside, and the magnetic flux density of the IMF
was amplified by a factor of 300 to form an induced magnetosphere with a maximum magnetic flux density of 2000 nT. In
addition, we estimated that the early hydrogen atmosphere (Yoshida and Kuramoto., 2021) depletes in 8.5 million years by
this non-thermal escape rate. This results suggests that not only thermal escape but also nonthermal escape is significant for
the early Earth atmospheric escape. We plan to investigate the dependence of atmospheric escape rate on the IMF, the solar
XUV flux and solar wind dynamic pressure. We report the current status of our study in the presentation.
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