@ |Intégrateur Numérique Planétaire de I'Observatoire de Paris
* began in 2003 with J.Laskar et al.

» ESA ephemeris (GAIA)
= ESA tracking data (MEX)
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2c% = T (Newhall, 1983)

= EIF pertubations of planets, Sun and 300 asteroids (integrated)

% Non-spherical bodies < point mass bodies
2 Sun (J2) © Planets
@ Earh (J2) & (Moon, Sun, Venus, Jupiter)
s Moon (J2,C21,C22,521,522) < (Earth, Sun, Venus, Jupiter)

- Deformation of extended bodies (tides) < point mass bodies
. Earth (Sun, Moon) < (Moon, Sun, Venus, Jupiter)
- Moon (Spin, Earth, Sun) < (Earth, Sun, Venus, Jupiter)

s Earth Shape & Moon shape (torque exerted by the Moon )

@ DE/LE405 : fitted to LLR / INPOPOG6: Not yet fit to LLR data ( in progress)
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Planets Types of Observations | Time Interval SOURCES <G>

Mercury Radar 1972-1997 Goldstone,Arecibo,Evpatoria 1km
Venus Radar 1970-1990 Goldstone,Arecibo,Evpatoria 1 km
Spacecraft VLBI 1991-1994 Magellan 1 mas
Spacecraft radar Sept 2006 ESA VEX in sept 06
Spacecraft radar 1978-2005 JPL Vkg,Pathf, MGS,MO 5/10 m

Spacecraft radar 2005-2006 ESA MEX 2m

Spacecraft VLBI 2001-2003 JPL MGS,MO 1 mas
Spacecraft Doppler 1980, 1999 JPL Vkg, Pathf 1 km
Jupiter Spacecraft VLBI 1996-1997 JPL Galileo 1/10 mm/s
CCD or transit (a.,d) 1970-2004 USNO,Nikolaev,CAMC,Bdx, MPC 500 mas
Saturne CCD or transit (a.,d) 1970-2004 USNO,Nikolaev,CAMC,Bdx, MPC 500 mas
Uranus CCD or transit (c.,d) 1900-2004 USNO,Nikolaev,CAMC,Bdx, MPC 500 mas
Neptune CCD or transit (a,8) 1900-2004 USNO,Nikolaev,CAMC,Bdx, MPC 500 mas
Pluto CCD or transit (a,d) 1988-2004 USNO,Nikolaev,CAMC,Bdx, MPC 500 mas

DE405 DE411 EMPO04 DE414 INPOPO06
(Standish, (Standish, (Pitjeva 05) (Standish, 05) (Fienga, et al 06)
98) 04)

Mass of Ceres 10710 Mg 4.64 4.554 4.753+0.007 4.699 4.746+0.006
Mass of Vesta 10710 Mg 1.34 1.280 1.344+0.001 1.358 1.338+0.002
Mass of Pallas 10710 Mg 1.05 1.059 1.027+0.003 1.026 0.995+0.003
Mass of Iris 10710 Mg 0.063+0.001 0.060 0.089+0.002
Mass of Bamberga 1010 Mg, 0.055+0.001 0.047 0.060+0.002
Density of C class 1.8 1.8 1.4 1.6 £0.22 1.9340.12
Density of S class 2.4 2.4 315 2.07 2.13+0.11
Density of M class 5.0 5.0 4.5 4.340.43 4.47+0.012
Mass of Asteroid ring | 1010 Mg 3.55+0.35 0.329 0.34%0.15
Distance of ring UA 3.13+0.05 2.8 2.8
Sun J2 X107 2 2 1.9+0.3 2.312.5 1.95+0.55




General Ephemeris over [1899:2005.43]

Mars & Saturn Space missions dedicated

[2000:2005.3]

Types of Observations

INPOP06

Mercury

Radar [m]

-596 + 956

-108 + 871

Venus

Radar [m]

-3578.0 + 4671

-1126.0 + 4527

Spacecraft VLBI [mas]

1.7+2

0.6+2

Mars

Vkg radar [m]

-5.7+18

0.2+20

MGS Radar [m]

74+441

25+75

MEX Radar [m]

11.2+12.1

83+6.7

Spacecraft Doppler Vkg [mm/s]

-0.26 £4.5

-0.25+4.4

Spacecraft Doppl MGS [mm/s]

0.35+1.0

-0.32+1.2

Spacecraft VLBI [mas]

0.04+0.5

0.1+0.5

Jupiter

Spacecraft VLBI [mas]

-1+12

3+12

CCD or transit (a,8) [mas]

(47 + 222, 36 + 198)

(23 £ 214, -26 + 190)

Saturne

CCD or transit (o.,8) [mas]

(29 + 280, -1 + 196)

(-28 + 270, -2 + 196)

Uranus

CCD or transit (a.,8) [mas]

(11 + 440, 13 £ 370)

(0.5+ 351, 4£361)

Neptune

CCD or transit (a,8) [mas]

(12 404, 11 + 438)

(-0.4 + 360, 0.5 + 350)

Pluto

CCD or transit (c.,8) [mas]

(13 £ 264, 8 + 252)

(0.9 + 250, -47 + 190)
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