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Warm dense giant planets Ly
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Density i Temperature plane

Motivation 1
Jupiter and Saturn are unique natural
laboratories to study warm dense matter!
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Density i Temperature plane
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Motivation 1 & &7

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
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1610 Galilei

) first use of a telescope
Y Galilean satellites

Todayodés | argest 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

Yam=0,238 (atmosph. He abundance)
[ von Zahn et al., J. Geophys. Res. 103 (1998) ]
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chemical model EOQS for H & He e
04 05 08 1
1991-1995 Saumon-Chabrier-van Horn EOS s S oS
E | 7 < 12
-2009 Saha EOS |-V (Gryaznov et al.) = ’ e
= 0.5
models of Jupiter and Saturn " 1 -d[.zl i
- ng cm
1991-1999 3to 5 layer models using SCvH EOS  [i : « g
[ Gudkova & Zharkov, Astron. Lett. 22 ], T 9
[ Guillot, Planet. Space Sci. 47 (1999) ] % oo -
Tt
experiments - 000 / ______ s
1996 Ne”|S et al (PRL) D'Um::_lau 170 1.2 174 1l.a 18 z.lo
Pressure, megabars

gas gun data: metallization of fluid H

§ 1
2001 Z-pinch Hugoniot curve: £
[ Knudsonetal. PRL87]r /mikk= 4. 3 g i
2007 signature of a PPT in compressed H _ i s

~ SESAME model

[ Fortov et al-, PRL 99 ] u-'IU:G 0.8 0.8 1.0 1.2

Density, grams per cubic centimeter
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Equations of state
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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) ]



INSTITUT FUR PHYSIK

200 ] T | T [ ' ‘ ' N\ ' ]
C Theories: : } A y \—| i
L — SCvH Vi AN
- — - Scum \ \\ r lor
L — — - Kerley 98 . -
150__ e M RoOS8S . \ & A& E .
- -=—: FVT —t - ] ScvH-1: 5.4
5 PIMC : - DN
E : . FT-DFT-MD Holst et al.. . g -~ . ScvH-ppt: 6
& 100 :_ Expezrlr;l;r:: : | @ ! - —: FT-DFT-MD: 4.5
R L " —— 1 ]
o L ¢ Gas-Gun —— - ]
B e Explosives =] LI —=
- A Omegalaser . Z-Pinch: 4.3
50 B
g 5 3 3.5 4 4.5 5 5.5
p/p,

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



H-EOS:. comparison SCvH & H-REQOS |

INSTITUT FUR PHYSIK

H-REOS: combines FVT at small densities with
FT-DFT-MD at large (>0.2 g/cm?3) densities
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H-REOS: combines FVT at small densities with
FT-DFT-MD at large (>0.2 g/cm?3) densities

Isotherms: SCvH-ppt and H-REOS Isentropes: SCvH and H-REOS

10000 K

AH-REOS is more compressible than SCvH-i below 1 Mbar.
AH—REOS Is less compressible than SCvH-i around 10 Mbar.




