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The surface age of Venus is estimated to be 300-600 Myr on average, and is young in contrast to Mars, where magmatism h:
mostly subsided on the early stage of its history. Detailed surface observations suggest that magmatism is still ongoing on Venu
at least locally. On the other hand, Venus is a planet where the lithosphere is stagnant and plate tectonics does not operate, wh
is similar to Mars. When the lithosphere is stagnant, the solid-state mantle convection is unlikely to cool the mantle so efficiently
as to extract all the heat internally generated by heat producing elements. In such a situation, it is crucial to take account ¢
melting of mantle materials in the modeling of thermal history, as we suggested for the evolution of Martian mantle (Ogawa
and Yanagiawa, 2011, 2012). Here, we apply our numerical model of mantle evolution with coupled magmatism for Venus to
understand its thermal history, the history of magmatism, and structural evolution of the mantle. In the numerical experiments
we discuss how the crust enriched in heat producing elements develops, how the crust recycles back into the mantle, and how t
mantle evolves to affect the history of magmatism and the lithosphere in accordance with the crustal evolution. We take accour
of the barrier effect of the phase transitions at the top of the lower mantle, and our model allows compositional differentiation of
the mantle by magmatism. Based on the numerical results, we discuss the difference of evolution between Venus and Mars.
Keywords: Venus, evolution of mantle, magmatism, numerical simulation
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Internal structure and thermal evolution of Mercury with highly reduced composition
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Mantle convection in super-Earths with high compressibility, high Rayleigh number, and
temperature-dependent viscosity
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Understanding mantle convection in super-Earths is a key to clarifying their habitability, because mantle convection determine
the surface environment and the magnetic field intensity through the influence on the activity of core convection. The large size
of super-Earths implies that the depth of their mantle far exceeds the thermal scale height. In this paper, we present numeric
simulation results of mantle convection in super-Earths with high compressibility, high Rayleigh number, strongly temperature-
dependent viscosity and depth-dependent thermal expansivity.

Thermal convection of compressible infinite Prandtl number fluid is solved in a rectangular box under anelastic approximation
by the ACUTEMAN (Kameyama et al. 2005). The model of the super-Earths, including depth-dependent thermal expansivity anc
density, is the same as Tachinami et al. (2013, submitted). The dissipation number is 5, which corresponds to terrestrial plane
of ten times the Earth’s mass. The Rayleigh number defined with the viscosity at the core-mantle boundary (CMB) Ra is from
6E6 to 1E10. A viscosity contrast r up to 1E7 arises between the CMB and the surface owing to the temperature-dependence
viscosity. The employed grid number is 1024 (horizontal) and 256 (vertical).

Numerical results show that the efficiency of heat transport by the mantle convection in super-Earths becomes smaller tha
that in the Earth owing to adiabatic compression effect. For example, at Ra=1E10 and r=1E3, the Nusselt number is only abot
twenty, less than the expected value when the effect of adiabatic compression is neglected. This low efficiency of heat transfe
strongly affects the evolution of the super-Earths. The magnetic field of super-Earths, for example, is probably weak because tf
core is not cooled efficiently. The weak magnetic field can be fatal for the habitability of super-Earths. We also found that in some
cases it takes time longer than the age of the Universe for the calculated mantle convection to go through with the initial transien
stage. This suggests that the initial transition stage, not the statistically steady stage, is more relevant to most of the time in th
evolutionary history of super-Earths. The temperature and flow field show that at high Ra and at strong temperature-depende
viscosity the stratosphere develops in the middle of the mantle. Hot plumes from the CMB does not ascend to the surface c
the planet. Cold plumes that grow at the base of the lithoshere are weak or are totally inhibited by the strong effect of adiabati
compression. The thermal structure of the mantle in super-Earths is totally different from that of the Earth.
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The geologic provinces of Mars, as identified through a synthesis of geologic, paleohydrologic, topographic, geophysical,
spectral, and elemental information [1], are windows into its evolution, with the ancient southern highland province being a
key to the extremely ancient geological and possible biological pasts. The ancient cratered southern highland province include
Noachian 3.7Ga) geologic terrains that are marked by magnetic anomalies [1]. The terrains include: (1) Noachian mountain
ranges, Thaumasia highlands and Coprates rise, both of which exhibit com-plex structures such as thrust and normal faults a
rift systems, as well as cuestas and hogbacks along their margins, (2) basin and range topography, including salt-containin
structurally-controlled basins, as exemplified at Terra Sirenum, (3) faults that are tens to thousands of kilo-meters long, and (4
degraded promontories, many of which are interpreted as silica-rich volca-noes or in some cases, impact crater massifs.

These terrains can be aptly explained through dynamic endogenic activity, including some form of primitive plate tectonism
and/or mobile crust, as well as planetary shrinkage due to cool-ing, rather than impact events. The ancient cratered southe
highland province could comprise extremeley ancient3(9 Ga) geologic and habitable environmental information, including
granite and primordial continental crustal materials. Such materials are considered to be critical to the emergence to life on Eart

[2].
References

[1] Dohm, J.M. et al., (2013?in press), Mars evolution. Nova Science Publishers, Inc.
[2] Shigenori Maruyama, this conference.
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Control mechanisms of the tropopause level and cloud top in Jovian atmosphere.
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Cometary Impact as the Supply Source of Volatile Gases on Planetary Atmosphere

In 1994, the impact of comet Shoemaker-Levy 9(hereafter SL9) had changed the Jupiter’'s atmospheric composition. The abul
dance of CO and HCN had increased vigorously to realize 10°3 to 1074 times larger value than before the SL9 event. Beside:
some S-bearing molecules were found and produced newly(Moreno et al. 2003)?. Similarly, on Neptune, it is expected that sim
ilar impact process has realized 50 ? 1000 times as large CO abundance as the other three gas giants(Lellouch et al. 2005)?
Marten et al. 2005)?. Studies on such huge disturbance induced by cometary impact is very important because such process ¢
affect the atmospheric composition of gas giant largely. Revealing the chemical evolution of the solar system planet’s atmosphet
is main issues in planetary science. Detailed studies on the entire chemical processes from cometary impact to the end of reacti
are needed.

Our observation in 2012

Studies on the SL9 event and its aftermath are very important especially because it is the only case where the cometary impe
can be monitored in detail. Even now, little is known about how long the influence of the SL9 continues to affect on Jupiter’'s
atmosphere. Constructing and examining the chemical evolution are the key for full understanding of cometary impact as part c
atmospheric evolution processes.

We have focused on the sulfur chemistry because CS and S-bearing species were known to be produced after the SL9 eve
Studies on the chemical evolution of S-bearing species suggest that CS is a daughter species of S2 and CS2, and had been c
tinuously produced for a year after the SL9 event (Moses et al. 1995). This scenario is supported by stable abundance variatiol
measured from 1995 to 1998 (Moreno et al. 2003). However, since no observation was reported since 2003, we have plannec
new observation of impact remnant gases to obtain their abundance and derive their decay time in 2012. We observed CS(J=2-
CO(J=1-0) and HCN(J=1-0) rotational lines in millimeter waveband using Nobeyama 45-m telescope of NAOJ. Our observation
found that CS abundance has decreased significantly, placing its upper limit as one tenth of the abundance measured in 1995. T
finding may allude to a hypothetical scenario that the CS destruction process has already begun and its destruction mechanis
may be due to photochemical evolution.

CS Destruction Processes and Our New Observation Plans

It is suggested that only a few processes can remove CS permanently (Moses et al., 1996 ). Furthermore, photo-dissociatit
process is important as well because the lifetime of CS against photolysis is very short at 1AU (Canaves et al., 2001) and as to |
taken into account. We have tested the recycling process of photolysis with simple one-box model. The modeled time variation o
the CS abundance, assuming the lifetime of CS only, as against photolysis has shown clear discrepancy with the observed rest
Thus, dissociated S atom is suggested to be recycled.

We are planning new observation to obtain CS abundance with more sensitive observation in sub-millimeter waveband. Nex
survey observation of S-bearing species which are candidates of daughter species of CS. In this presentation, detail of our obs
vation and a model of chemical processes will be presented.

Moreno, R, A. Marten, H.E Matthews, and Y Biraud. 2003. Planetary and Space Science, 51, 591?611
Lellouch, E, R Moreno, and G Paubert. 2005. A&A, 40, 37?40.

Marten, A, H E Matthews, T Owen, R Moreno, T Hidayat, and Y Biraud. 2005. 109771105.

Moses, J. I. 1996. The Collision of Comet Shoemaker-Levy 9 and Jupiter: IAU Colloquium 156, 243 ? 268
Moses, J. I, A, Allen. 1995. GRL, 22, 1597-1600

Canaves, M. V., A. A. de Almeida, D.C. Boice, G. C. Sanzovo. 2007. Adv. In Space Res. 39, 451-457
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Hugoniot curve for forsterite under extreme conditions: O2 supply into the surface envi-
ronment on the early Earth
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Analysis of shocked quartz grains inside the Chicxulub crater and constraints on eject

deposition processes.
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Impact cratering is a ubiquitous process which occurs on terrestrial planets and small bodies in the solar system. Geolog
cal and geochemical studies of impact craters on Earth provide essential and unique information, such as a three-dimensior
structure and lithological characteristics of craters, for understanding impact cratering process. The Chicxulub crater, locate
in the Yucatan Peninsula in Mexico, is 180-200 km in diameter, which is one of the largest impact structures found on Earth.
This impact event is considered to have caused a mass extinction at the Cretaceous-Paleogene (K-Pg) boundary at 66 Ma. Th
knowledge on the cratering process associated with the Chicxulub impact event will be important both for understanding the
cratering process of a large-scale impact and its environmental consequences. However, the detailed formation processes of
Chicxulub crater have been still unknown.

In this study, we analyzed both the size distribution of and planar deformation features (PDFs) on shocked quartz grain:
contained in the Yaxcopoil-1 (YAX-1) drilling core samples derived from the Chicxulub crater. PDFs are planar micro structures
generated under high-pressure conditions ("10-35 GPa). The crystallographic orientation of PDFs is known to preserve informe
tion of shock pressure achieved by impacts. We found 525 shocked quartz grains from top to bottom of impactite sequences i
the YAX-1 core. In the present study, 574 sets of PDFs were measured from fifteen vertical levels in the impactite sequences.

We found that shocked quartz grains in the impact melt layer (Unit 5) of the YAX-1 core were predominantly undergone
high shock pressures-@5 GPa). Whereas, shocked quartz found in other impactite sequences (i.e., Units 6 and 4-1, in ascend
ing stratigraphic order) are mixtures of quartz grains experienced various shock pressures. These results suggest that Unit 5
likely to have been formed by an outward flow of impact melt-sheet from the transient crater cavity during the central uplift and
collapse of the transient crater. In Unit 1, i.e., the uppermost impactite units, we found an opposite correlation between shocke
quartz grains undergone high peak shock pressu2s GPa) and those undergone medium degree of shock pressures (12-25
GPa) associated with upward grain fining in the sequences. These results strongly support the idea that Unit 1 was repeat
impact-induced tsunami deposits. Given both our results of impact melt-sheet origin of Unit 5 and the results of hydrodynamic
simulation of the Chicxulub crater, Unit 6, underlying Unit 5, could be interpreted as ejecta curtain deposits. Our results of ejecta
curtain deposits of Unit 6 provide the geological evidence that the position of YAX-1 core is located outside the transient crater
cavity, which support the hydrodynamic simulations and seismic data of the Chicxulub crater.
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Impact crater formation on the snow-ice layered structure
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Donhi, K., Arakawa, M., Okamoto, C., Hasegawa, S. and Yasui, M. (2012) The effect of a thin weak layer covering a basalt
block on the impact cratering process, Icarus, 218, 751?759.
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Introduction: A CubeSat is a type of miniaturized satellite for space research. The standd@:10 cm cubic satellite is

often called a 1U CubeSat meaning one unit, and has a mass of 1 kilogram. CubeSat has been a familiar tool for engineers to t¢
new technologies in space and often used for Earth remote-sensing, too. On the other hand, use of CubeSat for astronomical &
planetary sciences has been rare because of severe constraints on payload. We propose in this work to use a CubeSat for the
time in planetary sciences, specifically to observe meteors entering into Earth’s atmosphere. A development of a science-orient
CubeSat brings about many difficulties, but our challenge can possibly open a new field of observational research in astronom
and planetary sciences. An advantage to use a CubeSat in comparison with previous missions led by national space agency
that a CubeSat project can be carried out within a limit of cost, technology, and organization available in academy. This allows ¢
development of a satellite in a few years.

Our new project is called "Shooting star Sensing Satellite (S3: S-CUBE) Project.” The S-CUBE Project was a project started
by a partnership between Planetary Exploration Research Center of Chiba Institute of Technology (PERC/Chitech) and Tohok
University to develop a 3U CubeSat (0«10 cm; 4 kg) based on the design of RAIKO that was developed and launched by
Tohoku University in October, 2012. The S-CUBE is equipped with optical sensors, such as a camera and photomultipliers, tc
observe luminous emission of meteors from a low-Earth orbit. The launch date is planned in the 2014. For command uplink an
data downlink, an UHF antenna and an S-band antenna at Chitech are used.

Scientific Objectives:Meteors are luminous phenomena induced by hypervelocity entry of meteoroids into the Earth’s atmo-
sphere. Because most meteoroids are thought to be originated from comets and asteroids, the meteor give us valuable opportt
ties of an indirect exploration of the primordial objects in the solar system.

Although meteors have been observed mainly from the ground so far, the ground-based observations have weak points: ne
row observational range and weather dependent. In contrast to the ground-based observations, a space-based observation b
earth-orbiting satellite enables a continuous global observation of meteors. Further, a space-based observation can detect ult
violet emission from meteors because it is not hindered by ozone layer.

The S-CUBE is designed to be equipped with one camera and 2 (or possibly 4) photo multiplier. The camera points nadil
direction to take images of meteors during flight over the night side of the Earth. We can estimate the meteoroid size from bright:
ness of meteors. The photo-multipliers are attached with UV band-pass filters so as to extract UV light of meteors from lights
from the Earth. Detection of UV light of meteors is used as a trigger of the camera. It is also suggested that UV light of meteors
includes emissions of some light elements, such as sulfur, which have not been observed by previous ground-based observatio

oooobo:00,0000000,0000,00000
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3D FDTD simulation of Rosetta/ CONSERT radar tomography observation
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Rosetta is a comet exploration project of ESA which aims to approach Comet 67P/Churyumov-Gerasimenko in 2014. It car-
ries various onboard missions, one of which is a radar tomography mission called Comet Nucleus Sounding Experiment b
Radiowave Transmission (CONSERT). CONSERT consists of two radar systems on the Rosetta platform and on the Phila
lander, and is to perform bi-static radar sounding observations by using CONSERT transmits radar pulses of which the cente
frequency is 90 MHz.

We built a 3D simulation code based on Finite Difference Time Domain (FD-TD) algorithm. It simulates CONSERT obser-
vation in which the Philae lander transmits radar pulses and the Rosetta platform received them. The Philae radar transmitter
approximated by a point current source whose pulse shape is a differentiated Gaussian. Received echo at the Rosetta platfo
was approximated by the electric field at the receiving point, which was calculated by based on Near-to-Far-Field conversior
algorithm. The comet nucleus model is represented by spatial distribution of dielectric constant in the simulation space.

The simulation results are utilized in developing the tomography imaging algorithm.
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Investigation for the precise measurement method of lunar and planetary heat flow an

development of heat flow probe

0000 ™ oo0o0o200003%0004%0000°2
Yamato Horikaw&*, Satoshi Tanaka Naoya Sakataj Jun Takita, Kazunori Ogawa

l0000,?20000000000,000000000
IThe University of Tokyo?Japan Aerospace Exploration Agentyhe Graduate University for Advanced Studies

goooooooobooboboooooooooobobooooooooooDobobobobooboooDobOoDbUub oo
odooogooopooooodoooooooooooOooooooDoooog 1500170 0DODOOD 200000
oboooobooboboooooooooboboboobooooobobooooooobOobobooooooooOon
obooooooobOoboboooooooboboboooooooooboboboooooooboobobobooon
booooooobobooooooooboboboooooooboboboooooOobooboOobobooooon
oooooOoOo0O0O0ODOOOOOOOOO0O0O00DOOOD 109 000000000000000000

goooogooooboboooooooobobobooobooboooobobobobbooboboobobob oo
cooooooooooooobooooDo0 1IJooogooooooooooooboooooOooOoooboooOoo
obooooooobOoboooooooobobobooooooooOooboooooobOoboooooooooaon
boocoooooboboooooooobobobooobooooboobobooooooooboobobooooon
uboooboobooooooo

goooooooboboooooboooooobooobooboboooooooooobDobobUobobobobooooo
gooooooobobobooooooobooboboooooooooboboboooboooobooboboboooo
ocooooobooOooooooOooooboo0ooooDooo0oooDooo0oooDOobDOoOooDoOD 2499000000
ool ooooooooooooooboooooooooooooooobooooooboooooboooo

tbooooooobobobooooobooboboboooooooobobobobooobooooboboboon
goooooooboboooboooboooobobooooooooboboooooooDpDobobboobooboooDOoo
goooooooboboboooooooobooboboooobooooboboboobooboobDoboboboobooo
ooooooooo 1oem0ooooooOooDoOOOO0O00ooooOobOOo0o0ooooDoOoboDbOoboOoOoooooD
ooooooooooooOooooooooooooOoboOo0OooooooOobObO0o0oooDsemMoOooOObOOoOOn
OoooboOoOoooobooooswWooooooooooooooooooooooooooooooooooooDo
ooooooO0O0OO000018Wd 000000 oooo0Oo0O00000000000oooo0oooooooooon
go0O0O0O0OO0O0OoOoOoOoOoOoOoOoODoOOZZ2WMKIDDODODODODDODDODDODDODDODDODDODDODDODDODDODDODDODDODODODOO 1-3emO O
oogos3s-4]oooodooooooooooooooo0ooooooooooooo0oooooDbooogooD
oboobooooboobooooboboooooboooobOooboooooboooobobooooboon

gbooooooboboboooooooboboboooboooobobobooooooobOobOobooooonoo
oobooooboooooooobooobbooobooooboooooooboooboooobooobooooooboobooon
goooooooooboboboooooooobooboboobooooooooboboboobooboooooDoDOoo
ooooooboooooboooboobooooobooobooboooobooooooooooboooooboooobooooon

googo:obo,b,0o,b0o00
Keywords: heat flow, moon, planet, regolith

1/1



Japan Geoscience Union Meeting 2013 g ’

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

Union

PPS21-16 0 0:304 00:50 200 15:00-15:15

000000000000000000000000 _
Effect of compressional stress on thermal conductivity of powdered materials under vac
uum

o000 o000 Yhooooh,oooothoooo?ooot
Naoya Sakataht, Kazunori Ogawd, Yu-ichi lijima', Shoko Tsudg Rie Hond&, Satoshi Tanaka

lopooooo,?2o0000
Hnstitute of Space and Astronautical Scierdéochi University

goooooooobooboboooooooobobooooboooooDobobobooLobooboooDobOoDbUob oo
gbooooooobobobooooooobooboboooooooooboboboooboooobooboboboooon
gooooooooooooitwmkKoooooooooooooooooooooooooooooooggoogo
gbocoooooboboboooooboobobobooooboooobOobOobooobooboobOobOoboooooooon
000000000000 0O00000 (0000000 0)00000O000O0O0DO0O0OOOOODOO0OOO (Grotet
al.2010p) 0000000000000D0000000000000000000O0O000000000ODO0O00000
gooooooobobooooooooooboboboooboooobobooboooooDobobobooooo
OO00OO0O0O0O0O0OD0OO0O0OD0O0OO0DO (13000000000 DODOODODODODODOOOOOOOOOOOOOOO 10km
oboobOoooobooboboboobooboooooboooobobooooobOoooonbOOoDbn

oboooobooboooboobobooobooboboooobooobooobooOooobobOoobooooboOooDo
uobooboboooooobooooboooobooobooooooooboobooobboooooooboooboooooOoooboOoon
goooooooboboooooooobobobooooboooooobobooboooDobDobOoboboboooboOoo
goooooooobooboboboooooooooboboboboobooboooooooboboooboooooooboOoon
oooO(@O)oooooooOoOOoOooooOoOOo0oU0OUO0ODOoOOOO0OUDOODOOOOOOODObOODOOOO

booooocoooooooooboobboboooooooboobobobooooooboobOobOoboOobOobon
000 kPaOOOOOOODOOOOOOODOG6O000O0O0O0O0OO0OOOOOO0OOOOOODOOOOOOOOODOO
goo0ooooodoOopoooOooooooooOoUoooood 2emidooOooO0oooOoOoOoooOOOoOOOODO
O000O0O0O0O0OD0ODODODODODODODOOOO 75k 00000 18kPAO OO OOOOOOOOOOOOOOOOOOO
oboobo0ooooooboobobobooboooooooooboOobooboboooooboOoboboboobooooon
ooboooooobooboobooooboobboooooobooboooobooobbooobooboOooboobooOoono
oooooooolmmiOOoOoDOOOOOO0ODODODOOOOO0ODDOOOOO0ODODOOO0OOOOOOODO
goooooobooooobooooooobooooboobbooboooOobbOobooboDobobogDboobDOoo

0000000000000 0.00300 0.008WmMKOOOOOODODODODODODODODODODODODOODODODODODOOoooOoOO
oboobo0oooooOobobobooooooooobooboobobooboooooooboooobooooooooooOon
obooooobooog

oooooooOoOoOOOOOOOOOOOODODODODODOOO (OOOO)DOOOOOOOODOODOO (oDOoOD)
bobooooboobobooooooobooboboboooooooobooboboobooooooobOobOoboooooon
O0000O0O0OD0ODOODODODODODOD (Sakatanietal., 2013y 00 0000000000000 0O0O0OOOOOODODODOO
coooooooooooooooooooOoOo0ogoooooboobooOoOoo o o032-0400000DODOOOOODDD
0000000000000 130000000000 HerizOOOODOOOOOOOOOoooooooOooooooOoo
gbooobobooooobooobooboobooooboooobooboooooboooon

goooo:gogoo,oo,0o0o00,0d
Keywords: thermal conductivity, powdered materials, compressional stress, vacuum

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)

©2013. Japan Geoscience Union. All Rights Reserved. ];;;’g;gime
Union
PPS21-17 00:304 00:50 200 15:15-15:30
Jdoogdooddodtdoodooddoodoodooodoodoond,
Formation and thermal evolution of Ceres infered from hydrothermal experiments anc
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Expetrlmental study of ice lens formation and application for planetary surface environ-
men
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Ice lenses are formed by the migration and freezing of water in partially frozen state during soil freezing. Nucleation and
growth of ice lenses cause the upwards displacement of ground surface and formation of periglacial landforms. Beyond thi
terrestrial environment, similar processes are believed to occur in planetary environment. For example, periglacial landforms ¢
high-purity ice are observed at the Phoenix landing site on Mars. Formation of ice lenses is complicated phenomena includin
heat and mass transport. Several theoretical models address its physical processes in terrestrial environment, however, mz
guestions still remain for the formation of ice lenses. Especially, experimental constraints are not enough. We performed systen
atic cooling experiment using granular materials to observe the behavior of ice lenses. Our experimental results demonstrate fl
relationships between the behavior of ice lenses and patrticle size, temperature conditions and force balance. We also compal
our experimental results to numerical model of ice lens formation that focuses on the force balance of thermomolecular force an
hydrodynamic force. As a results of comparison, qualitative consistency is obtained, however, important quantitative difference:
existed. We developed initial numerical model using kinetic effect around particle surface and obtained good agreement.

Application experiments that simulate planetary surface environments are also performed (e.g., low pressure environmen
carbonated water etc.) and we observed different behaviors as compared with basic experiments.

In this presentation, we report the comparison between the experimental results and theoretical model and application expel
ment under simulated planetary environment.
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Large scale transportation of materials and hcemical evolution in protoplanetary disc
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Introduction: Large scale material transport in protoplanetary disks has been proved by finding of the high temperature com
ponents in comet Wild 2, and it has been supported by physical consideration (e.g., Ciesla, 2009). Meteorites show a wid
range of variation of oxygen isotopic compositions, which have been thought to be inherited from the precursor molecular cloud
However, recent high precision by ion microprobes has revealed that the variations are a mixture of isotopic mixing and mass
dependent isotopoic fractionation [e.g., Tenner et al., 2012].

Model: In order to understand material transport and oxygen isotopic characteristics recorded in meteorites in a protoplane
tary disk, we have developed a model that describes mixing of two components, one transporting outward from the inner edg
and one transporting inward by accretion of a protoplanetary disk with different oxygen isotopic compositions. We assume tha
the proto-sun had 160-rich composition as suggested by the solar wind component captured by the Genesis mission, which
represented by refracotry inclusions and forsterite grains in primitive chondrites. The planetary composition is represented by th
Earth with slight deviation as Mars and asteroids. The materials from outer region were assumed to have oxygen isotopicall
heavy composition, which we tentatively assume to be that observed in tmagnetite in a unique carbonaceous chondrite.

The model investigates isotopic trajectory of solid materials condensed at high temperature region with proto-Sun composition
which changed the composition by isotopic exchange in gas with heavy oxygen isotope composition. The solid materials cool
exponentially with time. The system has the composition of the solar abundance elemental rations except for H20 as a sourc
of heavy oxygen isotope in gas; isotopic exchange is temperature dependent; material transport flux is a steady state. The mo
contains two free parameters; one is cooling rate and the other is isotopic mixing rate.

Results and Discussions: The solids become isotopically heavier with time due to isotopic exchange, and the time of the in
crease is shorter and the final composition becomes heavier when the mixing rate is large. The time of the increase of the hea
isotope becomes later and the final composition becomes isotopically lighter with decreasing mixing rate. Considering that the
planetary composition of oxygen isotopes is deltal80=zero by definition, the most plausible mixing rate is obtained. We have
confirmed that the mixing lines on the three oxy-gen isotopic plot are straight for both solids and gas, which means that the solic
changed its composition from -50 to 0 permil and that the gas from +200 to 0 permil.

A plausible range of the mixing rate was obtained for a range of cooling rates. The mixing ratio of solids with light oxygen and
gas with heavy oxygen and cooling rate are linearly related in logarithmic plots. In other words, more abundant low temperature
component with heavy oxygen is required if the solid materials cool rapidly. The model results are converted to the real scale
for forsterite grains condensing in light oxygen gas, which moves outward, cools, and exchanges oxygen isotopes with ambier
gas with heavy composition. Cooling rate of the model corresponds to advection or diffusion rate at the midplane and the mixing
rate corresponds to the ratio of inward flux of isotopically heavy water ice to outward flux of high temperature condensates with
light oxygen isotopes. Larger values of cooling rate and mixing rate may be realized at the early stage of disk evolution.

In summary, planetary oxygen isotopes were achieved through the evolution of the disk due to larger inward and outwarc
transportation of materials and ice at the early stage and smaller transportation at the later stage.
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Fig.1 3D shape and internal texture of chondrules in Allende CV3 chondrite
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There are still serious problems in the theory of planet formation. One of the problems is how to keep protoplanets with Earth-
masses in a disk for a sufficiently long time until the disk gas is dispersed. A protoplanet growing in a disk interacts with a gas
disk gravitationally and, as a result, changes the radial distance from the central star. This process is called the type | migratio
of a protoplanet. A variety of structures of extrasolar planetary systems might be a natural outcome resulted from the type
migration. The corotation torque and the Lindblad torque act on a protoplanet, leading to the type | migration of the protoplanet.
The migration velocity of the protoplanet is determined by the sum of the torques. Recently, Yamada & Inaba (2012) showed tha
the magnitude of the torques depends on a thermal structure of a disk. The positive corotation torque acting on a protoplanet |
a disk inside of the ice line becomes large enough to cancel the negative Lindblad torque. Protoplanets might accumulate at tt
location of the ice line of a disk with small viscosity.

Once dust particles grow, they move in a disk interacting with gas. Particles lose angular momentum and migrate inwarc
toward the inner region of a disk. The particle density in the inner region of a disk is increased with time. Birnstiel et al. (2012)
studied the evolution of the particle surface density considering the growth and fragmentation of particles and the radial motior
of the particles as well. They showed the greatly increased particle-to-gas ratio in an inner region of a disk with small viscosity in
1Myr. We study the effect of particles on the type | migration of a protoplanet. We compare the torques acting on a protoplanet by
disks with and without dust particles. Parameters in this model are particle radius (0.1mm to 1cm) and particle-to-gas mass rati
(0.01 to 0.1). We find that the magnitude of the positive corotation torque acting on a protoplanet is dependent on the particle
size and increases with an increase in the particle-to-gas mass ratio. A protoplanet may be prone to migrate outward in dust-ric
disks.

ooodoO:000 100,000,000,000,000000,00000000
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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

0000 ™ 0000 4L MarusMillot?, 00 OO0 2, 0000 L,00000 L0000 YL,ooo00 L,000044L,O

000 YLZ%0ooohoooo!t,o0o0 !, Raymond JeanldzBurkhard Militze?, Gilbert W. Colling, J. Ryan Rygg, Jon
H. Eggert, Philip Sterné, 00 00O 2,00 00O !

Tsuyoshi Ogawd, Norimasa Ozaki, Marius Millot?, Takayoshi Sarfq Yuto Asaumt, Syotaro Iketarli, Hiroyuki Uranisht,
Mika Kita!, Yoshihiko Kondd, Yuya Satd, Kazuki Nakatsukf Kohei Miyanishi, Yang Tsung-Hah Raymond Jeanldz
Burkhard Militze?, Gilbert W. Colling, J. Ryan Rygg, Jon H. Eggeft, Philip Sterné, Youichi Sakawé, Ryosuke Kodam'a

l0pgooo00o000000,200000000000000000000,3000000000000000,400

gogoobobboooonon
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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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Chemical composition diversity among impact-generated atmospheres on terrestrial plar
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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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Effect of surface layering on the apparent thermal inertia
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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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Etvolutlon of planets with oceans within the Water World Regime around a main sequence
star
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IDepartment of Earth and Planetary Science, The University of Toyepartment of Complexity Science and Engineering,
The University of Tokyo

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
Keywords: Extrasolar planet
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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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Local N-body Simulation for Accretion of Particles onto Moonlets in Saturn’s Rings
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Inelastic Collisions between Icy Bodies: Dependence on Impact Velocity and Its Fluctua-

tions
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! Dept Aero/Astronautics, Univ TokydDept Adv Energy, Univ Tokyo

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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application to chondrules
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Dust accumulation caused by thermal interaction between gas and dust in gas shock r

gions
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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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Radial Accumulation of Dust Boulders at a Boundary between Super/Sub-Keplerian Flow

in a Protoplanetary Disk
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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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