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Formation and Internal Structure of Terrestrial
Planets, and Atmospheric Escape

JIN Sheng
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

As of 2014 April 21, over 1490 confirmed exoplanets and 3705 Kepler candidates have
been detected. This implies that exoplanets may be ubiquitous in the universe. In this
paper, we focus on the formation, evolution, and internal structure of terrestrial planets,
and the atmospheric escape of close-in planets.

In chapter 2, we investigate the dynamical evolution of planetary system after the
protoplanetary disk has dissipated. We find that in the final assembly stage, the occurrence
of terrestrial planets is quite common, and in 40% of our simulations finally at least one
planet is formed in the habitable zone. We also find that if there is a highly-inclined giant
planet in the system, a great many bodies will be either driven out of the system, or collide
with the giant planet or the central star. This will lead to the difficulty in planetary accretion.
Moreover, our results show that planetary migration can lead to the formation of close-in
planets. Besides migration, close-in terrestrial planets can also be formed by a collision-
merger mechanism, which means that planetary embryos can kick terrestrial planets directly
into orbits that are extremely close to their parent stars.

In chapter 3, we construct numerically an internal structure model for terrestrial plan-
ets, and provide three kinds of possible internal structures of Europa (Jupiter’s moon) based
on this model. Then, we calculate the radii of low-mass exoplanets for various mass combi-
nations of core and mantle, and find that some of them are inconsistent with the observed
radius of rocky planets. This phenomenon can be explained only if there exists a large
amount of water in the core, or they own gaseous envelopes.

In chapter 4, we improve our planetary evolution codes using the semi-gray model of
Guillot (2010), which includes the incident flux from the host star as a heating source in
planetary atmosphere. The updated codes can solve the structure of the top radiative zone of
intensely irradiated planets, and thus can simulate the atmospheric escape of close-in planets
driven by strong stellar X-ray or EUV emissions. We find that low-mass planets are sensitive
to the atmospheric escape, and they could lose all their initial H/He envelopes during the
evolution. On the other hand, gas giant can only lose a small fraction of their initial
envelopes. We then carry out a parameter study of atmospheric escape at the planetary core
mass, envelope mass fraction, and semi-major axis space. We find that the most intense
phase of evaporation occurs within the early 100 Myr. Afterwards, atmospheric escape only
has a small impact on the planetary evolution.

In chapter 5, we apply our new planetary evolution model to different synthetic planet
populations that are directly produced by the core-accretion paradigm (Mordasini et al.
2012a,b). We show that although the mass distribution of the planet populations is hardly
affected by evaporation, the radius distribution clearly shows a break around 2 Rg. This
break leads to a bimodal distribution in planet sizes (Owen & Wu 2013). Furthermore, the
bimodal distribution is related to the initial characteristics of the planetary populations.
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We find that in two extreme cases, namely without any evaporation or with a 100% heating
efficiency in the evaporation model, the final radius distributions show significant differences
compared to the radius distribution of Kepler candidates.

In chapter 6, we introduce a radiative transfer model that can calculate the radiation
spectrum of close-in exoplanets.
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