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The presence of an atmosphere is crucial for a planet—such as Earth—to retain surface oceans. Part of Earth’s primordial
atmosphere, formed during its accretion, is believed to have originated from nebular gas composed mainly of hydrogen
and helium. Over time, this atmosphere evolved to its present form as a result of the balance between the supply of gas
from Earth’s interior and atmospheric loss to space. Previous studies have used global numerical simulations to estimate
the magnitude of thermal escape, which likely played a key role in the loss of hydrogen from the early atmosphere, while
nonthermal escape mechanisms—such as ion pickup—have been considered negligible for the atmospheric escape (Tian et al.,
2005; Johnson et al., 2013). In contrast, Lichtenegger et al. (2010) investigated the relationship between the exobase and
the magnetopause from 4.4 billion years ago to the present and proposed that strong solar XUV radiation may have made
the ancient atmosphere expand beyond the magnetopause. This suggests nonthermal escape could have been significant in
the past. However, no quantitative evaluation of nonthermal escape rates from the early hydrogen-rich atmosphere has been
conducted (Wang, Zhou, and Liu, 2022).

In this study, we assess the nonthermal escape of ionized atmospheric hydrogen using a multi-species ion MHD model
(Terada et al., 2009). We assume a hydrogen-rich atmosphere simulating early Earth’s composition (Yoshida and Kuramoto,
2021), which is heated by the solar XUV at a flux 100 times greater than today, extending at 1,000-185,000 km in altitude.
The model distinguishes between atmospheric-origin and solar wind-origin hydrogen, enabling separate evaluations of their
escape rates. We assume a non-magnetized Earth, as might occur during geomagnetic reversals, with solar wind parameters
with a velocity of 1,800 km/s, density of 2100/cm?, and IMF strength of 7 nT. Under these conditions, atmospheric escape
fluxes at 1000R,, downstream (where R,, is Earth’s radius) were estimated as 3.5 X 103!/s for H and 1.1 X 103!/s for
H,*. These values correspond to 5-19% of the thermal escape rate of 2.4 X 1032/s-9.2 X 1032/s estimated by Yoshida
and Kuramoto (2021) at <30R,,. This indicates that a part of the atmosphere heated by thermal processes reaches higher
altitudes, where it interacts with the solar wind and escapes via nonthermal mechanisms. Based on the ratio of nonthermal
to thermal escape rates, 5-19% of hydrogen may have escaped through solar wind interactions, while the remaining 81-95%
escaped thermally as neutral particles at altitudes greater than 30R,,. We are planning to evaluate the effects of IMF strength,
XUV flux variation, and solar wind dynamic pressure on these escape ratios. In this presentation, we report the current
progress on our study.
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