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An	  Eclipsing	  Binary	  with	  a	  Circumbinary	  Disk?	  

•  A	  Young	  Eclipsing	  Binary	  with	  a	  Circumbinary	  Disk?	  
Ø  CoRoT	  lightcurve	  shows	  out-‐of-‐eclipse	  variaFons	  in	  addiFon	  to	  stellar	  eclipses	  

Ø ObscuraFon	  due	  to	  a	  warped	  and/or	  clumpy	  inner	  disk	  

Ed	  Gillen,	  University	  of	  Oxford	  

•  I	  present:	  
Ø  The	  eclipsing	  binary	  parameters	  
Ø  Outline	  evidence	  for	  the	  disk	  hypothesis	  

Ø  Star-‐Disk	  interacFon	  

A	  UNIQUE	  LOW	  MASS	  ECLIPSING	  BINARY	  DISCOVERED	  BY	  
CoRoT	  IN	  NGC2264	  

•  Future	  work:	  
Ø  Modelling	  the	  system	  (binary	  

stars	  +	  disk)	  to	  re-‐create	  
mulFband	  lightcurves	  

Time	  (HJD	  -‐	  2450000)	  
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Tracing	  the	  Evolu1on	  of	  Dust	  in	  Protoplanetary	  Disks	  
The	  First	  Steps	  of	  Planet	  Forma1on*	  

Isa	  Oliveira	  	  
Johan	  Olofsson,	  Klaus	  Pontoppidan,	  Ewine	  van	  Dishoeck,	  Jean-‐Charles	  Augereau,	  Bruno	  Merín	  

Spectral	  Decomposi1on	  

Goal	  is	  to	  infer	  
composi1on	  and	  

dominant	  grain	  size	  	  
of	  emiLng	  grains	  

Two	  temperatures,	  	  
each	  composed	  of	  	  

3	  amorphous	  (0.1,	  1.5	  and	  
6	  μm)	  and	  2	  crystalline	  (0.1	  

and	  1.5	  μm)	  species	  

10	  μm	  Silicate	  Feature	  
Observa1ons	  

Models	  

Grain	  sizes	  and	  mean	  crystallinity	  
frac1on	  of	  a	  given	  star-‐forming	  region	  
does	  not	  sta1s1cally	  change	  with	  1me	  

-‐>	  An	  equilibrium	  is	  reached	  very	  quickly	  
(≤	  1	  Myr),	  las1ng	  un1l	  un1l	  disks	  

dissipate	  

If	  planets	  are	  forming	  in	  disk	  mid-‐plane,	  
no	  such	  equilibrium	  can	  take	  place	  there	  

•  Silicate	  features	  emi[ed	  by	  dust	  in	  the	  surface	  layers	  of	  protoplanetary	  disks	  
•  The	  features	  at	  10	  and	  20	  μm	  	  

ü  probed	  by	  Spitzer/IRS	  spectra	  
ü  sensi1ve	  to	  dust	  size	  and	  composi1on	  
ü  shed	  light	  on	  the	  progress	  of	  planet	  forma1on	  

•  Inves1ga1on	  of	  dust	  mineralogy	  for	  sets	  of	  young	  stars	  surrounded	  by	  disks	  at	  
different	  mean	  cluster	  ages	  and	  disk	  geometries	  -‐>	  how	  these	  parameters	  evolve	  

*	  P-‐03	  

Evolu1on	  

0.1	  μm	  
1.5	  μm	  
6.0	  μm	  



Si melt 



   

Can a local depletion in protosolar nebula explain the low mass of Mars? 
André Izidoro, Nader Haghighipour, Othon C. Winter and Masayoshi Tsuchida

São Paulo State University  UNESP  Grupo de Dinâmica Orbital & Planetologia, Brazil

Jin et al. (2008)



Wind shelter and Wind turbines on Mars.

Solar panels Nuclear batteries

Mars is a windy planet
FriendEnemy

Can we use wind electricity?

Environmental problems

Extreme
temperature

surface windseismo
meter

High radiation

-60~20℃

2 to 3 order greater
 than Earth

Solved

Unsolved

Solved

The key is wind shelter

The designed torqueless shelter.



Comparison of convection with Arrhenius viscosity
and exponential viscosity: application to initiation

of plate tectonics
Teresa Wong and Slava Solomatov, Washington University in St. Louis, St. Louis, MO, USA

How accurate is Frank-Kamenetskii approximation in 
predicting the lithospheric failure and subduction initiation?

0               280              560            840            1120          1400
Temperature (K)



Implications of the lopsided growth for the viscosity of the Earth's inner core 
Mizzon, H, hugau.mizzon@irap.omp.eu, Monnereau, M, marc.monnereau@irap.omp.eu 

IRAP, Toulouse university, Toulouse, France 
 

 

Two main seismic features characterize Earth's inner core: a North-South polar anisotropy and an 
East-West dichotomy of P-wave propagation properties (velocity and attenuation). Anisotropy is 
expected if shear deformation is induced by convective motions. However, translation has recently 
been put forward as the dominant mode of convection of the inner core (1, 2). Combined with a simple 
diffusive grain growth model, this mechanism is able to explain the observed seismic dichotomy, but 
not the bulk anisotropy. The source of anisotropy has therefore to be sought in the shear motions 
caused by higher modes of convection. Using a hybrid finite-difference spherical harmonics Navier-
Stokes solver, this study investigates the interplay between translation and convection in a 3D 
spherical model. Three parameters act independently: viscosity, internal heating and outer core 
convection speed at the surface of the inner core. Particular attention has been paid to the 
implementation of realistic thermodynamic exchanges and permeable conditions at the inner core 
boundary. Our numerical simulations show the dominance of pure translation for viscosities higher 
than 1020 Pas. Translation is almost completely hampered by convective motions for viscosities lower 
than 1018 Pas. Between these bounds, translation and convection develop, but convective 
downwellings are restricted to the coldest hemisphere where crystallization occurs. On the opposite 
side, shear is almost absent, thereby allowing grain growth. We propose that the coexistence of 
translation and convection observed in our numerical models leads to a seismic asymmetry but 
localizes deformation only in one hemisphere. 

(1) Monnereau et al., Science 2010. (2) Alboussiere et al., Nature 2010. 

 

 

 

 

An equatorial cross-section of the simulation for a viscosity set to 1018 Pas shows that convective 
structures only develop in the hemisphere where iron enters the inner core. The thickness of the 
thermal boundary layer (TBL) depends on the orientation of the radial velocity at the ICB: inward 
(outward) motion tends to thicken (thin) the TBL. Where the TBL is thin it remains sub-critical which 
explains the absence of convective structure in one hemisphere. In the convecting hemisphere, 
crystals are deformed and remain small, whereas on the opposite hemisphere, the small strain rate 
would allow them to grow, thereby erasing their texture. 
 
 

	  



We formulated tidal decay lifetimes for hypothetical moons orbiting extrasolar planets with both 

lunar and stellar tides. Previous works neglected the effect of lunar tides on planet rotation, and 

are therefore applicable only to systems in which the moon's mass is much less than that of the 

planet. This work, in contrast, can be applied to the relatively large moons that might be detected 

around newly-discovered Neptune-mass and super-Earth planets. We conclude that  moons are 

more stable when the planet/moon systems are further from the parent star, the planets are 

heavier, or the parent stars are lighter. Inclusion of lunar tides allows for significantly longer 

lifetimes for a massive moon relative to prior formulations. We expect that the semi-major axis of 

the planet hosting the first detected exomoon around a G-type star is 0.4-0.6 AU and is 0.2-0.4 AU 

for an M-type star. 

 



  

How does nonhydrostaticity affect the 
determination of icy satellites'
moment of inertia?

Rock

Ice

ρ = 1 g/cc

ρ = 3 g/cc

= g∣nh−0∣aCallisto

Titan

Callisto

Ganymede

Surface

Surface
Surface

CoreCore

Core

Peter Gao and David J. Stevenson
California Institute of Technology, USA

Titan geoid anomalies for l > 2 
(Iess et al. 2010)



Deep dense magma &elements into the Core 

density of (Mg,Fe)SiO3 liquid in equilibrium with (Mg0.92Fe0.08)SiO3
perovskite̶a typical composition for pyrolitic lower mantle16,17̶ at
4,000K as a function of pressure (Fig. 2b). For simplicity, we used
KD5 0.25below75GPaandKD5 0.07at higherpressures. Themolar
volume of MgSiO3 liquid was obtained by recent first principles cal-
culations4, and the effect ofi ron is assumed to be the same for liquid
and solid (perovskite)4,18. Whereas (Mg,Fe)SiO3melt is buoyant com-
pared to any of the typical lower-mantle minerals below 75GPa, it
suddenlybecomesmoredenseathigherpressures.Thedifference from
the preliminary reference Earth model (PREM)19reaches 8% at the
base of the mantle. Partial melts obtained in the present experiments
had a higher Mg/Si ratio than MgSiO3 (Supplementary Fig. 2).
According to previous shock-wave compression experiments8, such
high-(Mg1Fe)/Simelt is likely tobedenser than the (Mg,Fe)SiO3melt
considered above, suggesting that the density crossover between melt
and solidmayoccur evenatdepths shallower than1,800km.Although
details of the formation of melts at the base of the mantle are not yet
clear, thepresent resultsprovideaconstrainton theplausible thickness
of any stable melt layer of around 1,000km (Fig. 4).
Labrosseet al.3 have presented a model in which dense melts pro-
ducedsoonafter Earth’s formationcomprised apotentially large ‘basal
magma ocean’ (BMO), which underwent slow crystallization over
billions of years, at a rate governed by relatively sluggish solid state
convection in the overlying solid mantle. The present experimental
results provide anewphysical rationale for thegravitational stabilityof
a BMO up to, 1,000km thick underneath the solid mantle, and the
maximum plausible thickness inferred above is broadly consistent
with the BMO hypothesis. For example, a BMO of, 1,000km thick-
ness would comprise about one-quarter of the mantle’s mass; frac-
tional crystallization and sequestering ofi ncompatible heat
producing elements (for example, U, Th) in the residual liquid as
the layer cools would therefore account for the ‘missing’ chondritic
complement of these species expected to be sequestered in a reservoir
inside the mantle20. The present results also allow us to make further
predictions about the nature of the BMO and its chemical evolution
through time.
Asnotedabove,our resultsdemonstrate that (Mg,Fe)SiO3perovskite
is thefirstphase tocrystallize frommeltswithawiderangeof (Mg1Fe)/
Si ratios; this is true even for Si-poormeltwith (Mg1Fe)/Si< 2.5 at the
conditions of the core‒mantle boundary (Supplementary Fig. 2). This
stronglysuggests thatanepisodeofperovskitecrystallizationmightwell
characterize the majority of the freezing history of a BMO, with other
phases such as (Mg,Fe)O magnesiowüstite only crystallizing relatively
late. In addition, perovskite crystals forming in the BMO would have
been relatively depleted in iron and floated to the top of magmas at
depths greater than 1,800km (Fig. 4), because of the smallKD value for
Fe/Mg partitioning. As a consequence, we can predict that the residual
magmawould evolve towards a FeO-rich/SiO2-poor composition (that
is, near the composition of wüstite), becoming more dense with time
and probably also retaining a variety ofi ncompatible volatile species.
Evolution through fractional crystallization as described above
would also have affected the composition of cumulates that formed
from the BMO. In particular, cumulates should becomemore Fe-rich
with time, and presumably more dense, as they crystallize from an
increasingly Fe-richmagma. These dense cumulates themselvesmight
eventually become stable against complete entrainment by mantle
convection currents, and pile up at the base of the mantle to form
thermo-chemical piles (Fig. 4). The accumulation of dense solid
material, which is around2‒3%denser thanaveragemantle andwhich
comprises, 2%of the totalmantle volume, canexplain thepresenceof
two large, low-shear-wave velocity provinces (LLSVPs) at the base of
the mantle beneath the Pacific and Africa21; and the expected Fe-
enriched composition of the dense material is consistent with the
magnitude of these anomalies22.
Larger degrees of crystallization in a BMO could also have left
patches of dense residual mush in thin layers above the core‒mantle

boundary, which would explain the presence and seismic velocities of
ultralow-velocity zones (ULVZs)23. Such material would be main-
tained at or near the solidus over geological timescales because the
residual liquid would sequester incompatible species that in turn
depress the melting temperature. Alternatively, late crystallization of
wüstite-rich cumulates from the Fe-rich/Si-poor melt could have left
behind a dense solid layer with seismic properties that may also be
consistent with seismic inferences for ULVZ, even in the absence of
melt24. The BMO model, together with the evolution of composition
that we predict from our experiments, is compatible with both pos-
sibilities. Another possibility thatmight help to explain whyULVZs in

b

c

Fe-rich cumulates
form dense piles

Magma increasingly
Fe-enriched/Si-depleted

Wüstite crystallization
forms ULVZs

Dense cumulates
comprise modern

LLSVPs

 

Figure 4| Evolution and crystallization of dense melts in the deep mantle.
a, During Earth’s early history, any melts that form below, 1,800km depth
sink and accumulate at the base of the mantle, while any crystals that form
owing to cooling of this dense magma will rise upward into the solid mantle.
b, Fe-poor perovskite crystallization leaves a residual liquid enriched in FeO
anddepleted inSiO2, andcrystals forming fromthisevolved liquidmaybecome
dense enough to form thermo-chemical piles at the base of the solid mantle.
c, The final stage of crystallization involves a composition close to wüstite,
leaving behind a very dense thin layer that is consistent with the seismic
properties inferred inside ULVZs. White arrows indicate schematic flow
patterns in the convecting solid mantle.
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Chemical reaction
 between basal magma and molten  core

Basal Magma

Metallic Core

Solid mantle

- Silicon, Oxygen, Sulfur
- heat genic Potassium

into the Core?

~76GPa magma 

sink line

Ryuichi Nomura
Tokyo Institute of Technology



The Rotational Period and the Surface Properties of 
Phaethon

Sherry Kang-Shian Pan1 and Shinsuke Abe1

潘康嫻	 ＆	 阿部新助

1 Institute of Astronomy, National Central University, 300 Jhongda Road, Jhongli, Taoyuan, 32001, Taiwan

Rotation period: 3.604hRotation Period
•   3.604 hours (Meech, K. J. et 
al. (1996) ACM 1996, Abstract 
#42.), and 7.208 hours 
(Kinoshita et al. (2012) in prep.) 

Observation
      － Optical Multi-colors Photometry       
•  0.81-m telescopes at Tenagra observatory in US 
     (110° 52’ 44.8"E, +31° 27’ 44.4"N, H=1,312m) 
•  1-m telescopes Lulin observatory in Taiwan 
     (120° 52' 25" E, 23° 28' 07" N, H=2,862 m)
•   2011 November and 2012 February are discussed based 
on ~250 data set.

Color Information and Classified Type
•   Phaethon color was comparable with F/B type asteroid. 

	  Introduction
       －  Apollo asteroid (3200) Phaethon
•  Phaethon has been known as the parent of the Geminids
    (e.g. Whipple, 1983)
•  A brightening enhancement (Jewitt and Li, 2010)
       Heterogeneity of the surface color



The	  Effect	  of	  Lower	  Mantle	  Metallisation	  on	  the	  Dynamo	  Generated	  Magnetic	  
Fields	  of	  Super	  Earths	  
	  
Ryan	  Vilim,	  Sabine	  Stanley,	  Linda	  Elkins-‐Tanton	  
	  
Recent	  work	  has	  shown	  that	  a	  host	  of	  materials	  commonly	  thought	  to	  be	  present	  
in	  terrestrial	  planet	  mantles	  (e.g.	  CaSiO3[1],	  Al2SO3[2],	  FeO[3])	  will	  conduct	  
electricity	  at	  the	  conditions	  present	  in	  the	  lower	  mantles	  of	  large,	  terrestrial	  
exoplanets.	  
	  
A	  solid,	  electrically	  conducting	  lower	  mantle	  layer	  should	  have	  a	  significant	  
effect	  on	  any	  dynamo	  present	  in	  the	  planet,	  as	  magnetic	  field	  lines	  should	  be	  
simultaneously	  anchored	  in	  the	  convecting	  fluid	  core,	  and	  the	  solid	  mantle.	  This	  
should	  create	  a	  new	  source	  of	  shear	  for	  the	  dynamo	  to	  generate	  magnetic	  fields.	  
	  
We	  use	  a	  numerical	  dynamo	  model	  to	  simulate	  the	  dynamo	  of	  terrestrial	  
exoplanets	  and	  incorporate	  a	  conducting	  mantle	  layer.	  	  We	  study	  the	  effect	  the	  
conductivity	  of	  the	  layer,	  and	  the	  inner	  core	  size	  has	  on	  observable	  field.	  	  
	  
In	  all	  cases,	  a	  conducting	  lower	  mantle	  increases	  the	  internal	  field	  strength	  
significantly,	  due	  to	  the	  presence	  of	  a	  new	  way	  to	  shear	  magnetic	  fields	  in	  the	  
core.	  
	  
We	  find	  that	  the	  observable	  effects	  of	  a	  conducting	  mantle	  layer	  are	  most	  
pronounced	  in	  planets	  with	  a	  large	  solid	  inner	  core,	  where	  the	  observable	  
magnetic	  field	  becomes	  weaker	  as	  the	  conductivity	  of	  the	  mantle	  is	  increased.	  
Conversely,	  we	  find	  that	  in	  models	  with	  a	  small	  solid	  inner	  core	  the	  observed	  
magnetic	  field	  becomes	  modestly	  stronger	  in	  the	  conducting	  mantle	  layer	  
models.	  
	  
We	  will	  present	  the	  results	  of	  our	  models	  as	  well	  as	  a	  detailed	  explanation	  of	  the	  
mechanism	  behind	  the	  observed	  effects.	  	  
	  
	  
	  
	  
	  
	  
	  
	  
[1]	  Tsuchiya,	  T.	  (2011).	  Prediction	  of	  a	  hexagonal	  SiO2	  phase	  affecting	  stabilities	  
of	  MgSiO3	  and	  CaSiO3	  at	  multimegabar	  pressures.	  PNAS,	  108,	  1252-‐1255	  
	  
[2]	  Nellis,	  W.	  J.	  (2011).	  Metallic	  liquid	  hydrogen	  and	  likely	  Al2O3	  metallic	  glass.	  
The	  European	  Physical	  Journal	  Special	  Topics,	  196,	  121–130	  
	  
[3]	  Ohta,	  K.,	  Cohen,	  R.	  E.,	  Hirose,	  K.,	  Haule,	  K.,	  Shimizu,	  K.,	  and	  Ohishi,	  Y.	  (2012).	  
Experimental	  and	  Theoretical	  Evidence	  for	  Pressure-‐Induced	  Metallization	  in	  
FeO	  with	  Rocksalt-‐Type	  Structure.	  PRL,	  108,	  026403	  



Sound velocity of CaSiO3 perovskite 

under ultrahigh-pressures 

KUDO Yuki, HIROSE Kei, 

Tokyo Institute of Technology  

• Experimental measurements of 

sound velocity under high-pressure. 

• Discussions of the structure of the 

earth’s mantle. 



On the Accretion of Atmospheres Onto Super-Earths

Two types of close-in Super-Earths  found

high-density

low-density

(1) high-density (rock/iron) like Mercury & the Earth
(2) low-density comparable to water (e.g.) Kepler-11e,f , GJ1214b

(e.g.) CoRoT-7b

high-density

low-density

Accumulation of H-He gas 
in a dissipating disk after G.I.

(Ikoma & Hori,2012)

Yasunori Hori 
(National Astronomical Observatory of Japan)

(Collaborators) : M. Ikoma,
D.N.C.Lin 

0.25AU
0.1AU



The Asymmetric Relationship between the Winter North Atlantic 
Oscillation and Precipitation in Southwest China

Asymmetric relationship between NAO and precipitation

Asymmetric relationship between NAO and CAT teleconnection

Hanlie Xu, Jianping Li, Juan Feng，Jiangyu Mao

Institute of Atmospheric Physics, Chinese Academy of Sciences

NAO  Positive phase

NAO  Negative phase

Negative phase of CAT Teleconnection

The main circulation which influences

the rainfall in Southwest China is the

CAT teleconnection along the subtropical

westerly
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