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The number of planets discovered so far has exceeded 500, and approximately 200 of them have eccentricity more than 0.2.
such planets are born in a disk environment, it is important to study how they interact with the disk and how the orbital parameter:
of such eccentric planets evolve. In this talk, we present a new analytic approach to the disk-planet interaction that is especiall
useful for planets with eccentricity larger than the disk aspect ratio. In the study of disk-planet interaction conducted so far, the
eccentricity of the planet is assumed to be small, and the planet orbit is decomposed into the power series of eccentricity. In thi
work, we make use of the dynamical friction formula to calculate the force exerted on the planet by the disk, and the force is
averaged over the period of the planet. The advantage of this approach is that it is possible to apply this formulation to arbitran
large eccentricity. The resulting migration and eccentricity damping timescale agrees very well with the previous works when
eccentricity is of the order of 0.2-0.5. If the planet eccentricity is close to the order of the unity, the orbital evolution timescale
behaves very differently. Moreover, we have found that the timescale of the orbital evolution depends largely on the adopte
disk model in the case of highly eccentric planets. We discuss the possible implication of our results to the theory of planet
formation. We also present fitting formulae for the timescale of the eccentricity and semimajor axis evolution. These formulae
can be especially useful in the study of population synthesis models.
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Smoothed Particle Hydrodynamics (SPH) method is a useful numerical tool in studying a number of astronomical and plane
tary science problems.

A wide variety of astrophysical and planetary science problems are studied by SPH method.

The giant impact hypothesis, one of the possible scenario of the Moon formation, is one of such a problem.

In order to examine the giant impact scenario for the Moon formation, numerical simulations of collisions between planetary
embryo have been done by SPH method.

However, the problem that the current SPH method does not have resolution enough fine for debris disk is pointed out.

In the SPH method, the resolution is determined by the number of SPH particles.

To obtain high resolution, we must construct fast calculation code.

In this study, a procedure for construction of new fast SPH code is described.

We implement the following three improvements to the code.

First, we implement so-called Tree method to SPH.

While the direct search of neighbors and calculations of self-gravity among N particles requifd @(hputations, the in-
troduction of the tree method reduces the number of computations to "O(N log N).

Secondly, we implemented approximate Riemann solver to the SPH method, which is called the Godunov SPH.

The application of the Riemann solver enable us to simulate phenomena with strong shocks.

Furthermore, Godunov SPH method includes appropriate dissipation in solving shock flows.

The calculation time becomes 10 times faster than that of the standard SPH.

Finally, we write the SPH code to run the program on massively parallel Graphical Processing Units (GPU) supporting the
NVIDIA CUDA architecture.

The calculation time of GPU is about O(10) times faster than that of CPU.

In order to check the accuracy and performance of this code, we perform two types of benchmark tests.

One is the model of the adiabatic collapse of an initially isothermal spherical gas cloud to check the performance of GPU.
We performe this test by two methods, tree Godunov SPH on GPU and tree standard SPH on CPU.

Another is the collision between planet-size objects to check the correct treatment of non-ideal EOS.

From these tests, we otain that our code is about 300 times faster than the prevailing SPH method.

By using this code, simulations with large number of particles, namely high resolution simulations, are feasible.
In future work, to obtain further improvement of the performance of GPU, we will implement memory rearrangement algo-
rithm.

This allows us to obtain the most efficient memory bandwidth.

0o0o000:00b00b00o0oooo, SPH, GPU
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The current planet formation theory suggests that giant impacts would have marked the final stage of terrestrial planet forma
tion. The large amount of energy released in the giant impact event would have melted a significant part of the terrestrial plane
forming a deep magma ocean. The magma ocean would begin to cool and solidify just after the impact and its cooling time
affects the differentiation of the mantle and the timing of subsequent water ocean formation.

The magma ocean cooling rate especially in the early stage should have been controlled by the radiation from the top o
the atmosphere into space. It is expected that the cooling rate of the magma ocean strongly depends on the amount of the pot
greenhouse gases such as water vapor and carbon dioxide. On the other hand, the amount of the gases could be controlled thro
the exchange between the atmosphere and the magma ocean because of their high solubility in magma. Since the melt fracti
in the magma ocean decreases with its cooling, more water and carbon dioxide would be degassed into the atmosphere, whi
in turn leads to reduce the cooling rate. This means that the evolution of the magma ocean should have been coupled with tt
atmospheric growth through the volatile exchange between both reservoirs.

Elkins-Tanton (2008) calculated the time scale of the magma ocean on Earth and Mars considering the water and carbon dio:
ide exchange. The results suggest that the magma ocean cooling time would be at most 5 Myr even in the case of the high-volati
contents. Although the atmospheric blanketing effect was considered in terms of the heat balance on the surface, the atmosphe
structure was not calculated for the cooling rate of the magma ocean in her model. Moreover, the effect of condensation of wate
was not included. Since the water vapor is condensable, the atmosphere would start to be saturated from its top with the coolin
In general, the outgoing radiation decreases with the cooling of the planetary surface. In the optically thick and water-saturate
atmosphere, however, the outgoing radiation has a lower limit. This is because the temperature structure at the optical depth
unity is independent on the surface temperature in such an atmosphere. It is expected that whether or not the solar insolatic
exceeds the radiation limit would make a significant difference in the thermal history of the magma ocean.

If the insolation exceeds the radiation limit, the outgoing radiation could balance with the insolation. In this case, the hot stean
atmosphere may persist for a long time so that the significant amount of water could be lost by hydrodynamic escape of hydroge!
The solar UV radiation dissociates water vapor into hydrogen and oxygen atoms in the upper atmosphere. Some previous studi
suggest that the strong EUV from the young Sun could drive hydrodynamic loss of hydrogen, while that oxygen could be left
behind because of its heavier atomic weight. If the oxygen accumulates into the atmosphere, this would cause the slowdown |
the hydrogen escape. During the magma ocean stage, however, such an accumulation would not happen because the oxygen
in the atmosphere behind would be absorbed to oxide the magma at the surface. This significant water loss also would affect tt
magma ocean cooling.

We developed a simple coupled atmosphere-magma-ocean model to calculate the magma ocean cooling time under ste:
atmosphere and the amount of water at the end of solidification, taking into account the water loss by hydrodynamic escape. W
used a 1D radiative-convective equilibrium model of condensable gray gas atmosphere. The temperature structure was assurn
to be adiabatic in the convective magma ocean. Hydrogen loss rate was given by the energy-limited escape rate. We will prese
the results of a parametric study on the cooling timescale and the amount of the steam atmosphere varying the orbit radius ar
the initial amount of water on the Earth-sized planet.
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Effects of Orbital Eccentricity on Habitability of Earth-like Extra-solar Planets with Car-
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In this study, we systematically investigate the climate of the planets with varying orbital eccentricity and semi-major axis, and
with carbonate-silicate geochemical cycle. We adopt a one-dimensional energy balance climate model and weathering model |
Walker et al. (1981). We try to find conditions for the Habitable zone (HZ) of eccentric planets, and clarify the factors to de-
termine the Habitable zone of eccentric planets. The results shows that there are three possible climate phases, namely Ice-fr
Ice-cap, and Snowball phase, and nine climate modes, namely Runaway Greenhouse (RG), Ice-Free (IF), Seasonally Ice-c
(SIC), Ice-cap (IC), Seasonally Snowball/lce-free (IF), Seasonally Snowball (SSB), Snowball (SB), Cyclic Snowball (CSB), and
CO 2 Condensation (CO2C) modes. The term 'phase’ is defined here as a transient state of climate, and the term 'mode’ as «
annual or long-term state of climate. The HZ is consist of the regions where a planet has liquid water on its surface, i.e. IF, SIC
IC, SSI, and SSB mode. The inner boundary of IC mode and the lower boundary of SSB, which are both the limits of the HZ,
are found to be determined by annual mean insolation and perihelion distance, respectively.

If the heat capacity was very large, surface temperature would be averaged over a long period. It means that the climate ¢
the planet would be affected by the annual mean insolation. This is why the inner boundary of IC is determined by annual meal
insolation because of large heat capacity of IC mode planets.

On the other hand, if the heat capacity was very small, the temperature would follow the variation of insolation instantly. It
means that the variation of the distance between from the central star, i.e. the perihelion and aphelion distance, would determit
the climate of the planet. This is why the lower boundary of SSB is determined by perihelion distance because of the small hez
capacity of SSB mode planets.

It appears that carbonate-silicate geochemical cycle also affects on the width of the HZ due to negative feedback effect whic
stabilizes the climate. When carbon cycle is considered, the width of the HZ becomes broader than when it is not considered.

The eccentric planets with large semi-major axis are habitable even in the early stage of stellar evolution. On the other hanc
planets with small semi-major axis withdraw from the HZ in earlier stage of stellar evolution.

We, therefore, conclude that planets with large semi-major axis and high eccentricity should to be in the HZ for a long time.

00000:0000000,00000,0000, EBM
Keywords: habitability, orbital eccentricity, carbonate-silicate geochemical cycle, EBM
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Trial to make ramparts: Granular flow model of fluidized ejecta on Mars
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Ejecta deposits of Martian craters show evidence for extensive surface flow not typically seen at other craters on the Moon an
Mercury. The exact mechanism for why such surface flow occurs remains unclear, but it must be indicating some unique surfac
environmental condition. Typically fluidizing agents such as water or an atmosphere have been proposed to be responsible fi
the formation of these deposits.

Simple granular flows can explain a wide range of flow features at landslides including their long run-out distance and linea-
ments, without necessarily invoking any volatiles. They might also explain fluidized deposits, with their long run-out, circumfer-
ential lineaments, thin deposit layers, and ramparts, also without necessarily invoking any volatiles or an atmosphere. In order t
investigate simple granular flow models for such ejecta deposition, we use the three dimensional distinct element method (DEM
This method calculates the motion of each individual ejecta grain, taking into account mechanical interactions between grains
Our initial study showed that the surface condition is important: smooth plains with a low coefficient of friction, or readily erodi-
ble plains can produce long run-out ejecta flow (Wada & Barnouin-Jha 2006, MAPS 41, 1551). Such smooth or readily erodible
Martian surfaces could be the result of sedimentary processes associated with large amounts of water that existed on Mars.

While our initial model showed that ejecta surface flow was fairly easy to achieve, it possessed too many simplifications that
did not permit the formation of ramparts at the distal end of the ejecta deposits. One of the obvious simplification was that all the
grains in our model were true spheres without any rolling resistance. As a consequence, grains kept rolling on flat surfaces eve
if the surface had a finite friction. A necessary condition to make a rampart is that the distal ejecta must stop advancing. In th
DEM, this implies giving the ejecta grains rolling resistance that reflects their natural angularity. This study, thus, investigates
how giving ejecta grains rolling resistance in the DEM might generate ramparts, and impact the overall emplacement and flov
of granular ejecta.

In our DEM model, the mechanical interaction forces and torques between spherical grains in contact (and the floor) are ex
pressed by the Voigt-model, which consists of a spring and dash-pot pair, in both normal and tangential directions. The sprin
gives elastic forces based on the Hertzian elastic contact theory. The dash-pot expresses energy dissipation during contact
realize energy dissipation with a given coefficient of restitution. For the tangential direction, a friction slider is introduced to
express Coulomb’s friction law with a given coefficient of friction. In this study, we introduce a rolling resistance between grains
(and also the floor), which models the difficulty of rolling due to the grain angularity, expressed by a critical rolling displacement.

As an initial condition of our DEM calculations, we consider a 5-degree wedge of an ejecta curtain composed of 2958 grains
with a radius of 35 m, each traveling on ballistic paths prior to deposition. This initial condition was obtained by using the ejecta
scaling relationship, assuming a transient crater with a radius of “5 km.

By introducing rolling resistance in our granular flow model, we have succeeded in stopping ejecta motion effectively. How-
ever, we have not yet succeeded in making an obvious rampart. This may be due to other simplification of our model such as th
small number of grains considered, and their fairly large size. Secondary cratering of the surface material and their subseque
flow might also play a role. Further studies will explore all these factors.

oo0oo00:00000,00000,00,000,00000000,000000
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Global Survey of Impact Craters on the Earth by Satellite Hyperspectral Remote Sensing
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Although more than 140 terrestrial impact craters are currently known [1], it is not clear how frequently impacts occurred in
ancient Earth history. This is mainly because most of the old impact craters on the Earth are too degraded (owing to weatherin
and/or tectonic modification) to be identified, although intensive global survey to find impact crater structures using satellite
remote sensing has not been conducted.

In this study, we try to find the traces of old impact structures on the Earth based on the visible and near infrared spectr:
data obtained by satellite remote sensing. Recently, the global survey using hyperspectral data by Spectral Profiler (SP) onboz
SELENE/Kaguya revealed the global distribution of olivine-rich exposures on the Moon [2]. Although this global survey did not
use any terrain information for the lunar surface, the location map of the detected olivine-rich spectra shows concentric distribu
tion pattern associated with large impact structures (impact basins) on the Moon. This finding suggests that we may also find th
traces of ancient impacts for even degraded impact craters on the Earth, if we focus on the distribution pattern of specific spectr
features in visible and near infrared wavelength. (Here the specific spectral features do not mean the shock indicators such
Coesite and Stishovite.) If so, we can reveal the global distribution of terrestrial impact craters by satellite hyperspectral remot
sensing.

To this end, it is important to understand how the terrestrial impact craters are observed in the visible and infrared spectral dat
by satellite remote sensing. Therefore, we examined some terrestrial impact craters, which have been identified as impact origir
using the spectral data obtained by ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer), which is ¢
imaging instrument?with 14 bands, from the visible to the thermal infrared wavelengths, onboard NASA Terra satellite. Basec
on the results, we will discuss the feasibility of global survey of terrestrial impact craters by future satellite hyperspectral remote
sensing.

[1] R.A.F. Grieve & E.M. Shoemaker, in Hazards due to Comets & Asteroids (T.Gehrels eds), 417-462 (Univ. of Arizona
Press), 1994.
[2] S. Yamamoto, et al., Nature Geoscience, 3, No. 8, 533-536 (NGEO897) 2010.
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[1] Wurm and Blum (1998), Icarus 132, 125-136. [2] Wada et al. (2009) APJ 702, 1490-151[3] (2010)0 00 0O
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It is important to recover the shock-compressed samples for understanding the synthetic mechanism of high-pressure pha:
shock metamorphism and shock-melt vein in meteorites. In the past, many impact experiments have conducted by using expl
sive or gas guns. In fact, although high-pressure phase in meteorites is recovered by the impact experiments (the impact veloci
is 1.5km/s and the impact pressure is 26GPa) [1], the impact velocity in these methods is limited below 10km/s less than secor
escape velocity on the Earth. Recently, impact experiments at the velocity over 10km/s were conducted by using projectile:
which were accelerated by high-power laser [2]. In previous experiments on the laser-shocked compression, the samples we
recovered on the pressure below 100GPa (the olivine which is samples in this experiment is molten at the pressure of 150GPa

We developed the recovery technique of the laser-shocked materials at higher pressure (at 200-300GPa in this experiments)
high-power laser system and analyzed the pressure range of the production conditions from the structure of shock metamorphis
We used the single crystal olivine (from San Carlos, USA) which is a major mineral of meteorites and the mantle of the Earth.
We used GXII/HIPER laser system at Institute of Laser Engineering, Osaka University [3]. The deformation, fracture and phase
identification of the recovered olivine were observed comprehensively by optical microscopy, field emission-scanning electror
microscopy, electron backscatter diffraction and micro-Raman spectroscopy.

We designed the new recovery cell. In this cell, Ti plate was put in front of olivine to prevent the sample from blowing off.
We could recover 100wt% of the sample by using this cell. In the recovered sample, there are the region of some distinctive
structures. We will report the detail of the recovery technique and the results of the observation of the recovered samples.

References
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Absolute age measurements of planetary surfaces are extremely important for understanding the evolution of planets. Hov
ever, no chronological measurements of planetary materials with known geological contexts have been made except for the lun
samples. Although the absolute age estimates for Martian surfaces have been proposed on the basis of the lunar chronolo
and the orbital calculations of asteroids, there still remain uncertainties as large as 1 billion years. If the absolute ages of roc
samples from a geologic unit, where crater number density is known, are determined down to around 10% accuracy, it will make
a significant contribution to understandings of the evolution of Mars.

In this study, we developed a new in-situ dating method based on the Potassium-Argon (K-Ar) dating technique toward future
landing planetary missions. We propose a simpler and more accurate in-situ K-Ar dating method than those employed in previou
mission plans, using laser-induced breakdown spectroscopy (LIBS) and a quadrupole mass spectrometer (QMS). We conduct
the following experiments to evaluate the feasibility of the K-Ar dating with the LIBS-QMS method.

In the first part of this study, we measured K abundance using LIBS. First, we irradiated laser pulses on 13 samples with 10(
ppm to 5 wt% of K20 and observed the emission lines of K from these samples. We obtained two calibration curves from K
emission lines at 766.49 nm and 769.89 nm. Our results show that K concentration can be quantified within the relative accurac
of 10% for 2000 ppm to 5 wt% range. The detection limit was 1000 ppm.

Second, the volumes of laser-ablated craters on rock samples are measured with a microscope. The observations indicate t
the crater volumes of basaltic rocks are within the uncertainty of 11% except for some minerals such as olivine. When thes
results are combined, the absolute abundance of K inside a crater is estimated within the accuracy of 15%.

In the second part of this study, we built a new Ar experimental system optimized for K-Ar dating, based on experimental
results from a previously established system. As a first step, we used the previously established gas analytical system to estim:
the detection limits and the pulse numbers required to the K-Ar dating. We estimated 40Ar=10"-12 cc/pulse and 36Ar=10"-15
cc/pulse are released from desirable Martian rocks. The blank levels for the system were 5x107-10 cc and 1x10°-10 cc at m/Z
40 and 36, respectively, and the electric noise level was 1x10°-11 cc. These blank levels should be 10-100 times lower in orde
to detect Ar from the rocks within 1000 laser pulses.

A measurement of the blank using the new gas analysis system indicates that the detection limit of 40 and 36 and electric:
noise of the detector are on the order of 10°-11 cc, less than 10°-11 cc and less than 10°-11 cc, respectively. This is an improv
ment by one order of magnitude compared with our former experimental system. These results indicate that a sufficient amour
of 36Ar can be evaporated by 1000 laser pulses on the Martian rocks.

These experimental results using our breadboard model strongly suggests that an experimental system that can simultaneou
measure K and Ar released from the same laser-vaporized mass of a sample can be built with currently commercially availabl
parts. Thus, the new K-Ar measurement method proposed in this study using a pulse laser, a spectrometer and quadrupole m
spectrometer is a viable candidate for an on-board instrument for a future Mars landing mission.

gooob:oboo,obbb,o0ob,00gd
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SPICA Coronagraph Instrument (SCI) and study of exoplanets
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0000000000 SPICA (Space Infrared telescope for Cosmology and AstrophySicsJ 0 0 00000000
00O SCId SPICA Coronagraph Instruméh] OO0 000 0000000000000 0OD0OOOO00OSPICADOOOO
O00000O0JAXAOOOOOOODUOOOUOOESADODOOOOUOODOOOOOOOUOOOOOO2018000000O
O000000OO00OOSPICAUOOGBKOOOOOOO 3mUOOODOOOOOOOOOOO0O0OODOOOOoooooo
O00O000ooO0o0ooOOosSPICADODDOOOCOOOOOOOOOOOOO0ODOOOOOO0OOOODOOOOOOODOO
SPICAOO0O00OOO0OODODOODOODODODODOOODOO0D00OO00DO0DOODODOoDOooDOooooDOooog
gogogdoooboooboboooooooooooboobbobtodoooobobbobbbbbooooooLoBb b D
0O SPICAUOO0O0U0OO0O0OOOO0OOO0O0OODOO0OOOO0OUOOO0UO0O0ODOO0O0DUOoODUOooOoUooOooUO
0000000000000 0000O0000000000O00000O00U0O0O0DOOO0UOOO0OOoOOn SPICAD
0000000000000 0000O000O0O000O0O00DO00OO0O0OOOO sSPICADOOODOOODODOOOOO
gogoobbbbodooobbobobodoooob bbb bbb b obo

gooo0O:000gg,ooogogg,scL,oooo,ooo,0oobobo
Keywords: SPICA, coronagraph, SCI, exoplanet, infrared, transit



	PPS020-01.pdf
	PPS020-02.pdf
	PPS020-03.pdf
	PPS020-04.pdf
	PPS020-05.pdf
	PPS020-06.pdf
	PPS020-07.pdf
	PPS020-08.pdf
	PPS020-09.pdf
	PPS020-10.pdf
	PPS020-11.pdf
	PPS020-12.pdf
	PPS020-13.pdf
	PPS020-14.pdf
	PPS020-15.pdf
	PPS020-16.pdf
	PPS020-17.pdf
	PPS020-18.pdf
	PPS020-19.pdf
	PPS020-20.pdf
	PPS020-21.pdf
	PPS020-22.pdf
	PPS020-23.pdf
	PPS020-24.pdf
	PPS020-25.pdf
	PPS020-26.pdf
	PPS020-27.pdf
	PPS020-28.pdf
	PPS020-29.pdf
	PPS020-30.pdf

