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Solar system: (Nine) Eight planets*

*IAU Meeting Prague 24.08.2006: Pluto is considered as „Dwarf Planet“



Planetary parameters

Object     Dist.    Mass    rho       Gsurf   Tsurf   Rot.-        Orb.-
Moons

                (AE)     (ME)   (g/cm3) (Earth) (K)   period     period

Sun             -       333000  1.41     28     5800   25.4 d        -                -
Planets:
Mercury   0.387   0.0553   5.43   0.378   440    59 d          88 d           -
Venus      0.724   0.8152   5.20   0.907   730   243 d        224.7d        -
Earth       1.000   1.0000   5.52   1.000   287   23.934 h    365 d         1
Mars        1.524   0.1075   3.93   0.377   218   24.623 h   687 d         2
Jupiter     5.203   317.88   1.33   2.364   120    9.925 h   11.856 a    61
Saturn     9.555   95.162   0.69   0.916    88   10.656 h   29.424 a    31
Uranus   19.204  14.535   1.32   0.889    59   17.24 h      83.75 a     22
Neptune 30.087  17.141   1.64   1.125    48   16.11 h      163.7 a     14
Dwarf Planets:
Ceres    2.5-2.9    (Asteroid belt)                                        4.6 a          -Ceres    2.5-2.9    (Asteroid belt)                                        4.6 a          -
Pluto      39.505   0.0022   2.06   0.067    37   6.387 d     248.5 a       3Pluto      39.505   0.0022   2.06   0.067    37   6.387 d     248.5 a       3
„„XenaXena““    38-98     (    38-98     (KuiperKuiper  beltbelt  objectobject 2003 UB 2003 UB313313)             557 a        1)             557 a        1



Quest for extrasolar planets

Scan the neighborhood of the sun



Extrasolar planets: Detection methods

A. Hatzes, Lecture WEH-School
2006



Radial velocity method

Measurement of the periodic Doppler shift of the stellar spectral lines

• Successful  method: 180 detections
so far

• Several planetary systems with 2
and 3 planets

• Method restricted to close-in
planets with short orbital distances

• Method restricted to main sequence
stars of  spectral type F7-M5

www.exoplanets.org

Signal detection limit :
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First exoplanet detected
• Star:  51 Pegasi
• Mass:
• Period:
• Semi-major axis:
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Radial velocity method and orbital parameters

Known parameters

Stellar mass

Derivation of                     by means of Keplerian laws

3rd Keplerian law :

Common center of mass :                              ,
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Transits: Relative photometry

H. Rauer, Lecture WEH-School 2006

Transits

measurement of the
decreasing stellar
luminosity during
occultation by transiting
planet

“Secondary Transits“

measurement of the
decreasing planetary
infrared-intensity during
occultation by the star



Transits: Observational parameters

Direct measurements:  period P, transit duration T, change of intensity dI
/I
Parameters derived:  radius RP, semi-major axis aP, inclination i

P      aP :                               ,                                      ,   T      i :
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Konacki et al. (2003)

Combination with radial
velocity results:

mass-radius relationship!



(Extrasolar) giant planets: Modelling the interiors

P [d]a [AU]Planet

1.70.03931.130.75TrES-1

1.40.04701,080.53OGLE-
111

4.00.03071.001.19OGLE-
132

1.20.02281.250.765OGLE-
113

3.00.02251,081.45OGLE-
56

3.50.04621.420.69HD
209458b

jupMsin [M ]i jupR[R ]

T. Guillot, Ann. Rev. Earth Planet. Sci. 33
(2005)

      H+He: 25% Helium, without core

a) 30% helium, core mass=15 ME

b) 36% helium, core mass=15 ME Hot Jupiters !
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Solar giant planets: Schematic 3-layer model

Jupiter (gas giant) Neptune (ice giant)

convective
molecular envelope

(H2, He, Ices)

convective
metallic envelope
(H+            H3O+)

core
(ices, rocks)

T=16000-22000 K
P=36-41 Mbar

~30 %
Helium

24 %
Helium

T=7000 K
P=1.5-2 Mbar

T=2000 K
P=0.2 Mbar

T=8000
K

P=8Mbar

T=170 K

T=70 K

~ 60 %
H3O+

.



6 %23,8 %X He (1 bar)

gravitational moments  J2, J4, J6

(27,5 %)(27,5 %)X He (average)

10.79.9Period  [h]

135165T (1 bar)  [K]

9.411.2R  [REARTH]

95318M  [MEARTH]

SaturnJupiterConstraints

core mass

transition pressure

X Metals (metallic envelope)

X Metals (molecular envelope)

ice: rock ratio (core)

free parameters

Observables and free parameters

Most important
input parameter:

EOS of H (He) !



Hydrogen EOS used for interior models

Sesame tables (Kerley 1972): limit for a
„stiff“ EOS, agrees with PIMC

FVT (Rostock): applicable for P < 0.5
Mbar including pressure dissociation,
agrees with experiments and QMD results

FVT+
ip (Rostock): includes plasma

contributions → more compressible,
reproduces NOVA data („other limit“)

Saumon, Chabrier, Van Horn (SCVH):
commonly used for Jupiter and Saturn,
two versions with/without PPT, yields
also a higher compression ratio

Hugoniot curves:



Modelling solar giant planets: Basic equations
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Multipole expansion of the gravitational potential
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Potential of spherical symmetric planets

external internal field
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Potential of nearly spherical planets
Apply perturbation theory for non-relativistic compact objects
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Aim:

• calculation of the density integrals

•                        to solve the equations of motion

Method: Theory of figures by Zharkov & Trubitsyn (1978)
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Density integrals :

•

•  Products of Legendre polynomials

• Example :
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Figure functions s2n: Iterative solution
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Program package for modelling giant planets
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Results Jupiter: P-, T-,    - profiles!
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Very similar although different EOS are used!



Core mass & heavy element abundance

constraints from solar
system evolution theory:
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27.5% (C1)
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Internal composition of Jupiter

H-He EOS of Saumon, Chabrier, Van Horn, ApJS 99, 713 (1995); H2O EOS from Sesame tables (1972)

He

H2

H+

H

core

T [K]

0.25

0.50

0.75

radius

7600

14000

19500

21000

165

metallic envelope

molecular envelope

H
FVT+

QMD

H20 QMD 
Fe QMD 

He
QMD



Summary

• Modelling giant planets is an important task of astrophysics →
Structure and evolution of the solar system and of the universe

• Accurate models for giant planets in the solar system allow to
check EOS data (H, He, H20 …), especially in the WDM region
→ phase diagram at high pressures
→ plasma phase transition and nonmetal-to-metal transition
→ miscibility of helium in hydrogen, He droplet formation

• Exoplanets: New field of research
→ irradiation of nearby stars, opacity and circulation models
→ detection of Earth-like planets
→ new ground- and space-based instruments


