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LASA Exoplanet Archive 2014 March 02 exoplonetorchive.ipoc.coltech.eg

Radial Velocity
Transits
Microlensing
Imaging

100 billions stars in the Milky Way
1 billion stars will be observed by GAIA

1803 exoplanets confirmed up to july 2014
(exoplanets.eu )

Number of Detections

3845 Kepler candidates
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http://exoplanets.eu
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Terrestrial model

Earth stucture Planetary equations
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O, Mg, Si, Fe alone together represent the 95% of Earth mass!
(and in general of a rocky core: of Jupiter for example)



PlanetlLab project

Simulations and experiments to inquire the most
abundant elements and compounds, notably:

* Fe

* Fe alloys (Fe-Si, Fe-O, ...)

» SiO2 (quartz for exemple)

» MgSiO3 (perovskites, post-perovskite)



T'he example ot 1ron

» bee (body centered cubic)

» fcc (face centered cubic)
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Molecular dynamics simulations
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Little visual exemple:
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Numerical ssmulations

Pseudopotential
» SOFTWARE ABINIT Density Functional Theory
INPUT: Plane wave basis
. ‘Temperature OUTEL
e Density (lattice parameter) . Total energy
. Crystal structure . Eigenvalues
* How many plane wave (Ecut) . Eigenstates
e Number of valence electrons *  Density of states
(Pseudopotential) © Stress tensor
. Time step components
. Number of atoms . Forces

o Convergence criteria * Nucleus trajectories



Numerical ssmulations

» MEANS OF CALCULATION

Supercomputer like Titane at
Centre de Calcul Recherche et
Technologie

200-300 processors quad-core Intel Xeon §570
for a total power of 300 Tflops

, , ~200 runs
Every simulation took
about 24 hours

~-§000 hours of
total computation




Overview of 1ron results
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ABINI'T data and melting curve for quartz
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Heat Unutl 1t Melts (HUM)
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e liquid data
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Simon’s melting curve
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Fit of PV'] solid data

Holzapfel EoS for the cold part:
Bl — 3K X°(1— X)expleg(l = X1 + e X — 7

= (V/V()) Co — —IH(SK()/PFG())

es = 3/2(K — 3) — ¢ PFGy = 1003.6(Z/V,)?/3

Einstein model for the thermal part:

Eharm = © | ©
Fharm =7 vV Eharm = Snit {2 | eXp(@/T)—l}
Y=+ (0= 1) (VY 0= 0o/ exp [ 2221 - (v

- B 3R
Anharmonic contribution: -~

= T




SUMMARY RESULTS AND WORKS IN
PROGRESS

» PARAMETRIZATION OF THE EQUATIONS OF STATE
(EOS) FOR FE AND S102 UP TO PRESSURES OF 15
AND 40 MBAR (ABINIT CALCULATIONS);

» EXTENSION OF THE EOS AND THE MELTING CURVE UP
TO 1000 MBAR BY BOTH ABINIT AND ORBITAL FREE
MOLECULAR DYNAMICS (OFMD) CALCULATIONS;

» SAME FOR PEROVSKITE AND POST-PEROVSKITE
(MGS103)

» USE OF RESULTS IN HYDRODYNAMIC SIMULATIONS
AND PLANETARY MODELING (SENSIVITY?)
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