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In-situ flash X-ray observation of impact crater formation in porous gypsum
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The 182 terrestrial impact craters have been identified so far [1]. This number is much lower than those on the other solic
bodies in the Solar System such as Moon, Mars, or Venus. On the Earth, most of structures of impact craters have been erod
and tectonized. In addition, some of preserved impact structures may have been buried or obscured by sediments and vegetati
However, since there are few studies on the global survey of terrestrial impact craters using satellite remote sensing, it is sti
unclear whether or not more impact craters are preserved on the Earth. The recent survey by Google Earth images discovere
new impact crater in Egypt, which has been already identified as impact origin by the later geophysical analysis [2]. In addition,
four new impact structures were confirmed as terrestrial impact craters last year [1], suggesting the existence of more unident
fied impact craters on the Earth. Therefore, it is expected that more candidate structures of impact craters would be found by tt
global survey using satellite remote sensing data.

In this study, we discuss the feasibility to find candidates of impact craters using spectral data by the Advanced Spaceborr
Thermal Emission and Reflection Radiometer (ASTER) instrument, which is an imaging instrument with 14 bands, from the
visible to the thermal infrared wavelengths, onboard NASA Terra satellite. We show that the discrete concentric patterns in the
multispectral data obtained by ASTER can be identified for several terrestrial impact craters. We also analyze the ASTER dat
for volcanos or dome structures formed by intrusive rocks. Based on these results, we will discuss the feasibility of global survey
to identify terrestrial impact craters by ASTER data.

[1] Earth Impact Database, 2012, http://www.passc.net/EarthimpactDatabase/ Accessed: 02/Feb./2012.
[2] Folco, et al., The Kamil Crater in Egypt. Science, 329, pp.804-804, 2010.
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Habitable zone (HZ) around main-sequence stars is defined as an orbital region in which H20 may exist as liquid water or
the surface of terrestrial planets. The inner and outer limits of HZ should correspond to the condition of total evaporation and
total freezing of water, respectively. It is, however, assumed implicitly that the atmosphere has enough greenhouse effects dt
to greenhouse gasses, such as CO2, CH4, and NH3, to maintain the climate warm enough for H20 to be liquid phase. In th
respect, HZ is not a sufficient condition but just a necessary condition for H20 to be liquid water. That is to say, if there is not
enough greenhouse effect, liquid water on the planet should freeze totally even when the planet is orbiting within HZ.

The condition for the planets to have liquid water on the surface is affected not only by semi-major axis (distance from the
central star) but also by other factors such as orbital eccentricity, obliquity, degassing rate of CO2 via volcanism, carbonate
silicate geochemical cycle, land-sea distribution, water abundance, and so on. It is therefore suggested that the concept of +
should be extended to include these factors.

We also propose a sufficient condition for H20 to be liquid water if the planet has abundant H20 on the surface. This is an
abusolutely habitable zone, and we name it a "Water World Regime” (WWR). It is defined as an orbital condition which permits
H20 as liquid phase unless there is no greenhouse gass other than water vapor in the atmosphere. If there is H20 on the planet
surface, it is in a liquid phase owing to the energy flux from the central star and greenhouse effect of water vapor without any
other greenhouse gasses in the atmosphere. Ice giants and icy satellites around gas giants and/or ice giants, as well as terres
planets, are expected to have oceans if they are orbiting within the WWR.
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Numerical modeling of hydrodynamic escape from early Earth atmosphere
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Two evolutionary paths of early terrestrial planets with steam atmospheres
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1The University of Tokyo

Recent studies with N-body simulations suggest that Earth-sized planets would experience giant impacts among planetar
sized bodies during formation, implying that the planets would form in a globally molten state. Orbital crossing during the giant
impact stage would cause significant radial mixing of material throughout the terrestrial planet formation region. It means tha
even the planets located close to their host star would still have a chance to acquire some water during formation.

Our goal is to clarify controlling processes of thermal history and water budget of terrestrial planets after the last giant impact
until the magma ocean solidifies. Since water vapor is a potent greenhouse gas, the amount of steam atmosphere would stron
affect the thermal history of the planets. On the other hand, high solubility of water into silicate melts suggests that the amount o
steam atmosphere would be controlled by water exchange between the atmosphere and the magma ocean. Elkins-Tanton (20
calculated atmospheric growth and solidification time of the magma ocean, considering such a water exchange. In her model, tt
effect of condensation of water is neglected on outgoing planetary radiation. Also, it is assumed that the total amount of water o
the planets is constant during solidification.

As reported by Nakajima et al. (1992), however, water-saturated atmospheres have radiation limits. The values of the radiatio
limits are common to the planets with the same mass, while the planet closer to the host star receives the larger incident stell
flux. Therefore, the existence of the radiation limits could make a fundamental difference in the cooling rates of the planets
located at different orbital distance from their star. The recent studies with N-body simulations also suggests that planet forma
tion lasts about 10-100 Myr. Strong EUV radiation from a young host stars could drive intense hydrodynamic escape of atomic
hydrogen, which would also affect the amount of steam atmosphere and therefore the cooling rate of the planets.

We developed a steam-atmosphere and magma-ocean coupled model, in which a radiative-convective equilibrium model
grey atmosphere was incorporated in order to consider the effect of condensation of water vapor on planetary radiation. Wate
loss caused by the hydrodynamic escape was also taken into account. Using this model, we investigated solidification time ar
water budget of Earth-like terrestrial planets orbiting around a Sun-like star with respect to planetary orbital radius and initial
water inventory.

Our results suggest that there would be two types of evolutionary paths of terrestrial planets, depending on orbital radius. Th
condition that separates the two distinctive evolutionary paths is whether the net incident stellar flux that the planet receive:
exceeds the value of the radiation limit from steam atmosphere or not. In this presentation, we will show the controlling mecha-
nisms and also its implications to exoplanet observations and the early evolution of Earth and Venus.

gooob:b0obooob, bbb boo, Db, 00, bbb bbboog,bbog
Keywords: Magma ocean, Giant impact, Thermal history, Water budget, Hydrodynamic escape, Radiation limit
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Vertical wavenumber spectra of gravity waves in the Venus atmosphere
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Current status of Subaru Strategic Exploration of Exoplanets and Disks (SEEDS)
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Surface Density Distributions of Protoplanetary Disks with Dead Zones of Magneto-
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The Lifetime of Protoplanetary Disks Surrounding Intermediate-mass Stars
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Gas Accretion Flow onto Circumplanetary Disks from Protoplanetary Disks: Effect of
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Development of an anelastic convection model in rotating spherical shells for stars, ga

and icy giant planets.
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Revisited to the impact erosion of early Earth atmosphere during the heavy bombardmer
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Differentiation of silicates from H20 ice in an icy body induced by ripening
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Hypersonic wind tunnel experiments on chemical reaction around an icy object with ab-

lation using electric discharge
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Image through band pass

'\Hnypirsonic Flow filter (380-384nm)
PO = é50kPa, Note: Color is slightly changed from

TO = 600K actual one due to image processing.

/

Model Support

(water ice)
Main discharge

Flat Plate Model (Bakelite
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