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TheThe Gaia missionGaia mission
ESA mission

Launch : 2012 (Autumn)

Duration : 5 years

Location: L2 Earth-Sun
 

point

Type of observations: astrometric, 
photometric

 
and

 
spectroscopic

Astrom. precision (stars):                            
10 μas at

 
V=15 (80 transits)



One billion of objects

Stars, galaxies, quasars …

Solar system objects:
asteroids: ∼

 
250 000

Near-Earth
 

Asteroids

Main-belt

Trojans

Kuiper belt
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TheThe observation observation ofof minorminor planetsplanets
Determination of Gaia transits: 2012 – 2017

• 509,552 asteroids (Astorb
 

database)

•
 

Software by F. Mignard
 

(complex scanning law, orbit around the L2 
point, apparent magnitude limitation…)

Main-belt 207,819

Near-Earth 1,689

Jovian
 

Trojans 1,321

TNOs 18

Total 229,657

84,589

351

930

16

94,500

Nb of obs. > 20

229,657 asteroids expected to be observed



AstrometricAstrometric precisionprecision

Position for one transit
• Signals collected from rows of CCDs

 
(10 -

 
optimal case)   

• Precision estimation:  global tests in preparation 

Error estimate from simulations for one CCD
• Nominal error for non-moving objects +

Moderate apparent velocity additional error: 
+20% 

Fast apparent velocity (NEAs) add. error:  x 2 or 
more (extreme cases) 130%



AstrometricAstrometric alongalong--scanscan precisionprecision

Fast apparent velocity

Moderate app. velocity
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Realistic
 

simulated
 

data:
 observation dates, astrometric precision,  

position of the satellite

Δu: corrections to the
 initial conditions                

at the reference time
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global 
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FundamentalFundamental  physicsphysics

SolarSolar 
quadrupolequadrupole 

J2J2

PPN parameters:         
γ, β

Variation of G

EotvosEotvos experimentexperiment

Violation Violation ofof thethe 
EquivalenceEquivalence 

PrinciplePrinciple 
NordtvedtNordtvedt 
parameterparameter



• Dynamical model:                                               

mi
 

≠
 

mg
 

only for the Sun anomalous planetary “perturbations”

(Ω/mr
 

c2)
 

~ -3.52x10-6 [Anderson et al. ApJ, 1996; Ulrich, ApJ,1982]
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The most important term -
 

Jupiter

NordtvedtNordtvedt
 effecteffect

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Ω
+=→≠ 21

cmm
m

mm
ri

g
gi η

η
 

is the Nordtvedt parameter

Ω
 

is the self gravitational energy



ResultsResults



ResultsResults



ResultsResults: : GMsGMs
 

ofof
 

planetsplanets



ConclusionConclusion

Results obtained should be better:
• Underestimated astrometric

 
precision 

• New objects will be discovered (e.g. NEOs)  β and J2

Competitive determinations 
• From new category of objects

• Short period of time for obs. limitation of systematic errors

•
 

Gaia Star catalogue improve the obs.  reduction 
possibility to combine the Gaia data with other obs. from the 
ground
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