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Light bending by Jupiter quadrupole
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Jupiter among the stars  2014-2019
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• Objectives
­ Evidence the quadrupole light deflection on stars seen around Jupiter

• Stars can be observed very close to the limb of Jupiter
­ dmin < 5 arcsec

• Same stars are observed at other epochs without Jupiter

• Astrometric effect is included in the data modelling
­ it is superimposed to the monopole deflection

• Some mission parameters are optimised for this experiment

Jupiter relativity experiment with Gaia
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We hope to detect the deflection to 5σ
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Selection of free scan parameters
• Two free initial conditions

• Extensive simulations of Jupiter observation 

• Analysis of the nearby starfield
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Proper Motions global patterns

• Proper motions seen  as a vector field on S2

• Applicable to stars and QSOs

• Expansion in Vector Spherical Harmonics  Tlm , Slm
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Global Rotation on QSOs   - S1m

• Inertial system materialised to 0.2 µas/yr

αωαωμ

δωαδωαδωδμ

δ

α

cossin

cossinsincossincos

yx

zyx

+−=

−+=

ω



Q2C6, Nice,  15 October 201351

Acceleration of the solar system – T1m

• Γ/c  to 0.2 µas/yr  - Γ to  1x10-11 m/s2 ~ 1/100 of Pioneer acceleration

galactic centre
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Diffuse background of GW

• A GW of strain h and frequency ω propagating in the direction δ= 90°

• Gaia can constrain the flux at very low frequencies (<10-8 Hz)
    
rμ =

1
2

ωh sinωT cosδ cos2α reδ + sin2α reα( )

credit : S. Klioner
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Equations of Motion for a test body
• EIH equations with Ms >> Mp ,  Vs << Vp

­ Heliocentric form

­ good for gravitation on asteroids and comets 
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Determination  of  β : Orbits of minor planets

• About 350,000 planets observable with Gaia

• Accurate astrometry corrected for phase effect

• ~ 60 observations each over 5 years

• Accurate orbits determined with Gaia data

• Perihelion precession included in the dynamical model

AU)in(mas/yr
)1(

)10/(04.0
)1(

38
222/7

6
2

22/5 a
ea

J
ea −

+
−

=
−λω&

3/)22( +−= βγλ222

2
2

22 )1(
3

)1(
6

ea
RJ

cea
GM

−
+

−
=Δ

ππλϖ



Q2C6, Nice,  15 October 201355

Perihelion precession : edϖ/dt

• Parameters fitted with Gaia
­ PPN β , Solar J2,   G/G

• Expected precision σ(β) ~ 10-3 to 5 x 10-4 (Hestroffer et al.)

.
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Conclusion
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Summary: Promises with Gaia

• Deflection of Light
­ Monopole from the Sun : σγ ~ 10-6 factor 20 improvement

­ First detection around planets of relativistic effect
•Monopole from Jupiter to 10-3 , quadrupole light deflection to S/N~ 5

• Precession of perihelion of minor planets
­ several 10s planets with large eccentricity 

­ σβ ~ 10-3 σJ2/sun ~ 10-7 G/G ~ 10-12 /yr

• Global pattern with proper motion of quasars
­ acceleration of the solar system wrt QSOs   σa/a < 0.1

­ improved estimates of the stochastic background of low 
frequency GW : a 100 times improvement to best estimates

• Astrometry of relevant source for relativistic modeling
­ QSOs, CygX1

.
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The big news …
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Gaia launch:    20 November 2013 

@ 08:57:30 UTC

http://www.esa.int/esatv/Television + web streaming

http://www.esa.int/esatv/Television

