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Tcore :           K

Pcore : 40 Mbar
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Motivation 1

Jupiter and Saturn are unique natural 

laboratories to study warm dense matter!  
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Motivation 1

Jupiter and Saturn are unique natural 

laboratories to study warm dense matter!  

Motivations 2-10

- Giant Planets: formation of planets and planetary systems

- GPs: planetary atmospheres (energy balance)

- GPs: energy transport in convective media

- GPs: magnetic dynamo theory

- GPs: solar evolution theory (mean solar He abundance)

- EGPs: core erosion, heat transport through layer boundaries

+ many more 



1610 Galilei
first use of a telescope                             

Ÿ Galilean satellites

Todayós largest telescopes:   

10m Keck @ Mauna Kea/Hawaii,         
ESO 4x8m VLT @ Paranal/Chile  
(resolution of 1/10 arc sec)

1958  DeMarcus (Astronom. J.) :

giant planets contain (solid) metallic H

1969  Hubbard  (Astrophys. J.):

Jupiter is fluid and convective!

1973- 81  encounters with Jupiter and Saturn
(Pioneer 10 & 11, Voyager 1 & 2)

1995-2003    Galileo orbiter 
atmospheric probe 160 km deep: 22 bar

Yatm=0.238 (atmosph. He abundance)
[ von Zahn et al., J. Geophys. Res. 103 (1998) ]

Milestones of the past  I

spacecraft flyby



Milestones of the past  II

chemical model EOS for H & He 

1991-1995  Saumon-Chabrier-van Horn EOS

-2009  Saha EOS I -V  (Gryaznov et al.)

models of Jupiter and Saturn

1991-1999  3 to 5 layer models using SCvH EOS

[ Gudkova & Zharkov, Astron. Lett. 22 ],

[ Guillot, Planet. Space Sci. 47 (1999) ] 

experiments

1996  Nellis et al. (PRL): 
gas gun data: metallization of  fluid H 

2001  Z-pinch Hugoniot curve:
[ Knudson et al.  PRL 87 ]r/rmax = 4.3 !

2007 signature of a PPT in compressed H
[ Fortov et al., PRL 99 ]



Outline

ÅIntroduction

ÅEquations of state

- Structure assumptions

Ådistribution of metals & helium

ÅH-He phase diagram and demixing

- Method of modeling

- Jupiter & Saturn 

Åcore mass and metalicity

Åevolution

Milestones of the past

H, He, and H2O

ÅGiant planets

ÅOutlook & Summary Milestones for the future
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Equations of state : hydrogen

SCvH-ppt / -i chemical model   [ Saumon et al., ApJ 99 (1995) ]

PIMC correct high-T limit      [ Militzer & Ceperley,  PRL 85 (2000) ]

FVT chemical model: [ Juranek &  Redmer,  JCP 112 (2000) ].

FT-DFT-MD ab initio data:    [ Holst, Redmer, & Desjarlais,  PRB 77 (2008) ]

Z-Pinch data: [ Knudson et al.,  PRB 69 (2004) ]

Omega laser data:               [ Hicks et al.,  PRB 79 (2009) ]

Hugoniot curves of warm dense D2

r/r0

ScvH-i: 5.4

ScvH-ppt: 6

FT-DFT-MD: 4.5

Z-Pinch: 4.3
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H-EOS:  comparison SCvH  &  H-REOS

H-REOS: combines FVT   at small densities with                   

FT-DFT-MD        at large (>0.2 g/cm3) densities



H-EOS:  comparison SCvH  &  H-REOS

Isotherms:  SCvH-ppt and H-REOS

H-REOS: combines FVT   at small densities with                   

FT-DFT-MD        at large (>0.2 g/cm3) densities

Isentropes:   SCvH and H-REOS

ÅH-REOS is more compressible than SCvH-i below 1 Mbar.

ÅH-REOS is less compressible than SCvH-i around 10 Mbar.


