Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

PPS21-P0O1 go:booboboobo 00:50 200 18:15-19:30

Joodoogdoodoofdgooodooooodggoodon _
Geological study on the formations of g on Phobos: Results of image analysis
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Numerical models of thermal convection in the mantle of super-Earths
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Numerical models are developed for thermal convection of compressible fluid in a deep mantle with the ratio of its depth to
the thermal scale height D much larger than 1 to understand the nature of mantle convection in super-Earths. The viscosity |
constant and the Prandtl number is infinite. A linear stability analysis shows that thermal convection is possible in super-Earth:
only when the thermal expansivity significantly decreases with increasing pressure, as is the case for the real mantle material
thermal convection is totally inhibited when the thermal expansivity is constant. A systematic numerical simulation carried out
to clarify the Nusselt number-Rayleigh number relationship shows that the efficiency of convective heat transport decreases by
factor of up to 2 as D increases. The Nusselt number may not be high enough to extract all the heat generated in the mantle |
heat producing elements, and it may be difficult to sustain core-dynamo in super-Earths. Our numerical experiments also sho
that the Nusselt number significantly depends on the surface temperature. The mantle evolution may depend more strongly c
the surface environment in super-Earths than it does in the terrestrial planets of our solar system.
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Laser shock compression experiments for precompressed Methane in Mbar regime
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The properties of methane at high density and temperature are of crucial interest for understanding the interiors of many giar
planets, and the origin of their strong magnetic fields, as CH4 is typically considered to represent 25 % of the planet’s icy layer
Methane is a hydrogen-rich molecular material that is expected to dissociate at high pressure and temperature into an electrica
conductive fluid.

We used static and dynamic coupling compression technique to generate icy planets core conditions in laboratory.
Methane was precompressed to "0.4 GPa by DAC and then was shock compressed dynamically to pressures of more than 1

GPa.
We simultaneously measured pressure, density, temperature, and optical reflectivity for the highly compressed methane wi

velocity interferometers (VISAR) and optical pyrometer (SOP).

This work was performed under the joint research project of the ILE, Osaka University.

This work was partially supported by grants from the Core-to-Core Program of the JSPS, the Global COE Program CEDI of
the MEXT, and the CREST of the JST.
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Physical properties of water and alcohol?water mixtures in the transition region betweet

ionic fluid and plasma
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Prebiotic chemistry and climate conditions of early Earth and/or Mars would have been suitable for origin and evolution of
life. The chemical composition of atmospheres during early evolution stages is important for understanding these factors.

Impact-generated atmospheres would occur on terrestrial planets immediately after their accretion and perhaps during tf
late heavy bombardment (LHB) period in the solar system. The approaches taken by previous studies on impact-generated :
mospheres, however, may not have been accurate; they estimate the composition of impact-induced vapor with equilibriur
calculation as a function of temperature under constant pressures [e.g., 1, 2]. This approach is appropriate if chemical reactic
in impact-induced vapor is controlled by radiative cooling because radiative cooling decreases temperature while pressure
kept approximately constant. In reality, impact-induced vapor adiabatically expands; nevertheless such behaviors have not be
considered. Entropy gain during the shock-compression phase controls the temperature-pressure pathway of the decompress
phase. Thus, estimation of the initial entropy gain and subsequent quenching are the key for accurate estimation of the chern
cal composition of impact-generated atmospheres. The goal of this study is to model chemistry within adiabatically expanding
impact-induced vapor, and investigate how sensitively impact-generated atmospheres depend on impact velocity.

Thermodynamically stable chemical compositions depend on temperature, pressure, and elemental compositions. Thus, cc
straints on these values are required for modeling chemical compositions of impact-generated terrestrial atmospheres. In th
study, we assume CI chondrites as the impactor that mainly contributes volatiles to terrestrial planets during the heavy bombare
ment [e.g., 3]. To determine the temperature-pressure paths of adiabatically expanding vapor, we estimate the entropy gain duri
the shock-compression phase using the Hugoniot equation of state for silica [4]. Then, we calculate the major composition of :
gas and condensed phase along isentropic lines within a range of pressures (0.01-10000 bars) and temperatures (500-2500
The model calculations are performed using a Gibbs free energy minimization code [5]. Elements included in our calculations
are H, C, O, N, S, Mg, Al, Si, Fe. Elemental abundances used in our calculations are taken from [6].

Our calculation results show that the redox disproportionation of carbon occurs at low entropy states achieved by low-velocity
impacts &13km/s). For high-velocity impact(17km/s), impact-induced vapor is rich in diatomic molecules, such as CO and
H,. For low-velocity impact-induced vapo(3km/s), CH becomes thermodynamically stable even at high quenching temper-
atures 1000K). This is because the adiabatic curve for low entropy states undergoes higher pressures at a given temperatut
High pressure is thermodynamically favorable for the formation of polyatomic molecules, such a@€NH;; i.e., Le Chate-
lier s principle. These calculation results strongly suggest that the chemical compositions of impact-generated atmosphere
among terrestrial planets may be different even if the composition of accreting material were same, suggesting that early Mar
and early Earth may have possessed a-@th reducing atmosphere and a CO- and,@{@h more oxidizing atmosphere, re-
spectively.

References: [1] Hashimoto G. L. et al. (2007) JGR, 112, E05010. [2] Schaefer L. and Fegley B. (2010) Icarus, 208, 438-448
[3] Alexander C. M. O’ D. (2012) Science, 337, 721-723. [4] Kurosawa K. et al. (2012) Am. Inst. of Phys., 855-858. [5] Gordon
S. and McBride B. J. (1994) NASA Reference Publication 1311. [6] Wasson J. T. and Kallemeyn G. W. (1988) Philos. Trans. R.
Soc. London Ser. A, 325, 535-544.
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Impact experiments on a granular layer: an implication for crater scaling laws and the
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Crater rays in |mpact experlments and numerical simulations
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Effect of surface layering on the apparent thermal inertia

oooo*o0oootooo!
akari yoshida*, Takenori Toyotd, Kei Kurita
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!Earthquake Research Institute, The University of Tokyo

Thermal inertia is a key property controlling diurnal temperature variation at the surface of planets. It is defined as a function
of thermal conductivity, heat capacity, and density, all of which depend primarily on the physical structure of the surface layer.
Thermal inertia of Mars has been derived from Viking, Mars Global Surveyor and Mars Odyssey data. It tells us a structure of the
surface layer. For example, low thermal inertia indicates extensive dust deposits and higher thermal inertia suggests combinatic
of particle size, rock abundance and induration of soils.

An extremely low thermal inertia values such as 5-60 tiu and 24-60 tiu have been reported in the equational and middle lati-
tudes from these observations. Since the thermal conductivity is the most sensitive to the particle size under martian atmosphel
pressure, such a low thermal inertia indicates small grain size as low as 10 micron. But, these particles can be easily blown aw:s
by a strong wind on Mars and it is difficult for them to form a uniform layer on the structure. In this presentation we consider the
possibility that a layered structure yields apparent low thermal inertia.

To demonstrate possible effect of the layering we conducted laboratory experiments. We utilized the structure having ar
acrylic plate on top of a polystyrene form block or vesiculated particle layer. They are heated periodically by an infrared lump
from above. Using the infrared thermometer and thermocouples, we measured the temperature at the surface, botom of the acry
plate and inside the lower Polystyrene form and the granular layer.

Thermal relaxation time of this layered systems is the most fundamental factor here, which represents the time that the ampl
tude of temperature inside the material becomes 1/e compared with the surface.

We estimated the thermal inertia from experimental data. It is found that the thermal inertia is lower than the value calculatec
from the physical properties when the given period is longer than the thermal relaxation time of the surface layer. It is becaus
the material behaves infinite body when the period is shorter than the thermal relaxation time.

On the other hand it behaves as a finite body if the period is longer than the relaxation time. In this situation the temperature
at the bottom of the surface acrylic plate becomes high because of lower thermal conductivity of the lower layer. This means the
thermal gradient becomes lower and the heat flux to the interior seems small, which results in apparently low thermal inertia

In our experiments we can demonstrate a simple layered structure; a thin layer having higher thermal conductivity on top of
layer with low thermal conductivity can produce apparently low thermal inertia. In the martian remote sensing diurnal tempera-
ture variation is used to infer the thermal inertia, which measures the value of the surface within the thermal penetration depth c
several to 10 cm. If the layered structure exists in this range having lower conductivity of the lower layer.

We discuss several geological processes to produce layered structure on Mars.

Keywords: thermal inertia, geological structure, thermal relaxation time
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Figure: Thermal evolution of planetesimals of 10 km radius formed at 2 m.y.

after CAI formation. “phi” and “r” in the legend refer to the porosity and

distance from the center, respectively.
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The Habitable Zone (HZ) around a main sequence star is the orbital condition in which planets could have liquid water on their
surface, although greenhouse effect of the atmospheres due to some greenhouse gasses) (8.ger@elly required. On the
other hand, we propose here the Water World Regime (WWR) which is the orbital condition for the planets to have liquid water
even if the planetary atmospheres do not have any greenhouse gasses except water vapor.The WWR is therefore much narro
condition than the HZ, estimated to be an annual mean insolation from 1.07 tol(#hé&e S is the solar constant for the
present Earth). Most of the WWR condition is, however, under the moist greenhouse condition in which water should escap:
to space during the planetary evolution (e.g., Kasting, 1988). The time scale of water loss should therefore be discussed for tt
planets with different amount of 40 and XUV from the central stars.

We estimated life time of oceans on the planets orbiting within WWR by assuming water loss due to hydrogen escape
by diffusion-limited (Hunten, 1973 ; Walker, 1977), and energy-limited water loss mechanisms (Watson et al., 1981), with
considering steller luminosity evolution (Gough, 1981 ; Iben, 1967), and steller EUV evolution (Lammer et al., 2009).

We will show that the life time of oceans may be longer than that considered generally. For example, if the Earth is orbiting
within the WWR around a M-type star and has liquid water of 5 times the amount of ocean today, liquid water may be able to
exist for 10 billion years.

goooo:oboobo
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Climate evolution of extrasolar terrestrial planets with water and carbonate-silicate geo
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The surface environment of a habitable planet has been constrained in terms of orbital semi-major axis and an effective solz
flux, focusing on the existence of liquid water, that is, the habitable zone (HZ) around main sequence stars (e.g., Kasting et al
1993). It has been also pointed out that the carbonate-silicate geochemical cycle would be essential for maintaining the climat
of a habitable planet (e.g., Tajika, 2003). However, the whole picture of evolution of climate of planets with carbonate-silicate
geochemical cycle has not been known.

In this study, we investigate the climate evolution of an Earth-like planet (actually, the Earth itself) around a G-type star (=
Sun). Steady states of climate of Earth-like planets are estimated systematically with a simple climate model coupled with ¢
carbonate-silicate geochemical cycle model. We classified climates of Earth-like planets within the HZ into three modes, in
terms of stabilizing mechanism. Then, the climate evolution is estimated based on the steady state solutions of the climate wit
models of the stellar evolution and the thermal evolution of planetary interiors. The results indicate that, on an Earth-like plane
(the size of the Earth) orbiting around a G-Type star, climate depends on the thermal history of the planet in the early stages ¢
its lifetime, and then depends on the stellar evolution. The climate evolutions are also estimated for the different mass both fo

stars and planets.

0o0000:0000000,00000000,0000000D00,0000, EBM
Keywords: Extrasolar planetary system, Habitable zone, Habitable planet, Carbonate-silicate geochemical cycle, EBM
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In a ring system, energy loss during collisions of particles may play a crucial role in determining not only the mean free path
between collisions but also the physical characteristics of the ring (e.g., kinematic viscosity, spreading rate, thickness, shap:
and the rate of cooling in the system. The coefficient of restitution is a key parameter for evaluating such energy loss during
collisions (Dilley and Crawford, 1996). Icy particles are commonly found in the rings of Saturn, and due to their closeness to
our living environment, their coefficient of restitution has been intensively studied. Earlier works on collisions of icy bodies
normally suggest that the restitution coefficient strongly depends on the impact velocity. More recent approach to the problem
of energy loss and cooling in a ring system includes the concepts developed in the theory of granular flow, but due to the lack o
precise information about the velocity dependence of the restitution coefficient, it is often assumed that the coefficient is constar
(velocity-independent) in granular flow-based analyses of inelastic collisions. Here, in order to better understand the physica
characteristics of ice as a granular material and gain more quantitative information about the effect of impact velocity on the
collisions of icy bodies, first, we experimentally monitor the mechanical behavior of an ice sphere impinging upon a plate of ice
(235 mm x 320 mm x 60 mm) with a digital high-speed video camera system introduced in our laboratory. The diameter of an
ice sphere is either 25 mm or 50 mm, and each sphere is kept in a freezer at a temperature of -10 degrees Celsius for more tt
30 hours before every experiment starts. We intend to obtain the variation of the normal restitution coefficient for the free fall of
spheres with 17 different falling distances between 40 and 450 mm. For that purpose, we take full-color digital photographs a
a frame rate of 7,000 frames per second and record the collision process: From the photographs, we can calculate the velociti
of an ice sphere just before and after the collision and with these velocities we may evaluate the normal restitution coefficient
We perform our preliminary series of experiments on collisions of ice spheres at least 10 times for each sphere size and fallin
distance at room temperature of 21 degrees Celsius. The range of falling distance mentioned above gives an impact velocity
60-370 cm/s for 25 mm diameter spheres and 90-380 cm/s for 50 mm diameter ones. Care is taken not to induce any rotation al
fracture of the ice spheres during the collision process. We also observe the roughness of the sphere surfaces as well as the fl
tuations of the obtained coefficient for each sphere size and impact velocity. Then, based on the ED (Event-Driven) method, w
perform numerical simulations of the cooling process during collisions of 3,000 ice spheres that are initially located randomly
in a two-dimensional square. In the simulations, the experimentally obtained velocity-dependent restitution coefficient and its
fluctuations are taken into account for the inelastic collisions between ice spheres. The results show the final temperature is abc
4 % lower than that obtained without considering the fluctuations of the velocity dependence of the coefficient.

O O 00 0:ring system, icy bodies, inelastic collision, coefficient of restitution, cooling process, granular flow
Keywords: ring system, icy bodies, inelastic collision, coefficient of restitution, cooling process, granular flow
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Dust accumulation caused by thermal interaction between gas and dust in gas shock r
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Meteorites are important clues to investigate the environment of the early solar system. Chondrules are 0.1mm ? 1mm size
spherical igneous structure which are abundantly found in chondritic meteorites. Chondrule precursor dust grains once exps
rienced melting caused by certain heating event, then recrystallized and formed their spherical form. Experimental constrain
suggest that heating event was intense, heating duration is of the order of a few minutes and these events continued intermitten
about three million years. This heating process was surely dominant in the early solar system but details are still unknown.

The most promising heating source for chondrule formation is gas shock wave heating in the protoplanetary disk. Previou:
works showed that gas shock waves can heat up the precursor dust grain temperature above melting point due to frictional he:
ing. lida et al. (2001) also showed that the gas temperature is higher than the dust temperature when the dust stops in the gas :
its temperature attains maximum. In such a situation, the dust acts as coolant for the gas.

The gas in a relatively high dust density region is preferentially subjected to cooling by the dust. This preferential cooling
makes the gas pressure minimum. Then the gas flows into the region because of the gas pressure gradient. This flow drags
dust into the high dust density region and it leads to further dust density enhancement. This one way thermal instability proces
may cause dust accumulation. Previous works concerning the gas shock wave heating model did not consider this process at

Here we investigate the possibility of dust accumulation by gas dust thermal interaction. To this aim we consider a gas dus
two component fluid. We carry out one dimensional numerical calculation which includes both momentum and energy interactior
between the gas and dust.

In our model, the gas loses energy via thermal collision with the dust due to the gas dust temperature difference. The dust gair
energy from the gas and emits energy to outside of the system by radiation. Only the dust absorbs radiation from surroundin
radiation field. The dust receives gas drag force and the gas receives back reaction. Only the gas feels self pressure gradient.

As initial condition we assume that there is a dust density maximum in the gas. We add dust density profile with Gaussiar
form on uniformly distributed dust density. The gas density is constant. The dust to gas mass ratio is unity at the maximum
of the dust density, and one percent at far from the dust density maximum. We adopt typical gas and dust temperature, whic
are plausible after dust heating by gas shock waves. The gas temperature is higher than the dust temperature. The gas and ¢
velocity is assumed to be zero at first. From this initial setting we evaluate time evolution of the system.

We find that the gas in high dust density region cools faster than the gas in low dust density region. This difference of the
cooling time scale of the gas makes pressure gradient of the gas. The gas begins to flow into the low gas pressure region a
the gas density increases in the region. Drag force induces the dust inflow and the dust density also increases there. Gas ¢
dust density enhancement lasts until the minimum gas temperature attains the temperature of the surrounding radiation field al
decreasing of minimum gas temperature stops. In our setting, we show that the maximum gas and dust density increase is arou
five times larger than the initial density.

The gas density increases as to the system becomes isobaric. Isobaric condition shows that the gas density enhancemer
several times larger than the initial gas density. Drag force can enhance the dust density as the same order of the gas dens
increase.

Future work is to investigate the consequence of this dust density enhancement.

gooobo:0boooogo,bbooodo,bo00gg,bbbog,oboobooo
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In the process of planetesimal formation, spiral-in of dust particles toward the host star is the most serious difficulty. One of the
mechanisms to halt the spiral-in is a radial pressure bump in the disk, at which the boundary between local super/sub-Keplerig
flow exists. However, according to accumulation of dust particles at the super/sub-Keplerian transition point, the dust frictional
force alters the gas density profile (e.g., Kato et al., 2012).

We think that accumulation processes of the dust particles at the pressure bump, which has the similar size with the bum
presented by Kato et al. (2009, 2010). We have investigated the time evolution of dust density distributions due to drag force
from the protoplanetary disk gas, taking into account backreaction from the

dust particles to the gas consistently with local 1-D and 2-D hybrid simulations. We treat the disk gas as a grid-hydrodynamic:t
and the dust particles as super-particles.

In 1-D simulations, we found that the gas density distribution is seriously deformed as the dust accumulates at pressure bun
in the case with backreaction. At once, the dust density distribution is radially expanded around the boundary between super/su
Keplerian flow. Finally, the dust particles resume the inward drifts,

and their density distribution achieves the gradual peak in the radial direction. Then the maximum dust-to-gas density ratio i
unity.

In 2-D simulations, we confirm the driving of streaming instability in the dust dense region formed by the radial pressure
bump. Due to the effect of streaming instability turbulence, the maximum dust-to-gas density ratio raises to 5, which is larger
than 1-D results. However it is lower than the result of the 2-D or 3-D MHD simulations presented by Kato et al. (2012), which
include the effect of inhomogeneous MRI turbulence.

These dust-to-gas density ratios is too small to drive the gravitational instability, which forms the planetesimals quickly, and
the pressure bump is not able to maintain the halting of the dust particles. Therefore, we conclude that the halting mechanist
of pressure bump is not able to form the planetesimals very well by itself. Then we suggest the possibility that the effect of the
maintenance or restoration to the pressure bump might increase the dust density and form the planetesimals via gravitation
instability.

goooo:obobog,obbobobod
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On the magnetic activities in hot Jupiters
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Recently theoretical studies on thermal evolution of hot jupiters invoked Ohmic dissipation to account for extraordinary large

radii of some objects.

Those analyses suggest the existence of significantly strong magnetic fields in hot jupiters.
To test this hypothesis it is important to investigate possible consequence of magnetic fields in gaseous giant planets.
Since gaseous giant planets are supposed to have large convection zones, magnetic field mediates energy transfer from

interior to the exterior of the atmosphere.

In this talk we develop a model of magnetically driven wind from a gaseous planet and investigate the resultant mass loss.
This work may provide a possible consistency check of theories with observations of hot jupiters.
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