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Reference frame 
•�� accurate positions, proper motions and parallaxes of a dense net of objects 

 > 1500 deg2 

•�� direct link to the extragalactic objects (500000 quasars are expected) 

   recognized photometrically, sample cleaned up astrometrically 

 accuracy of the frame: 0.4 �1as/yr 

•�� 20000 primary sources 
             with G<18 

•�� long-lived frame: errors 
   < 1mas for 40 years 
   at G=18 

•�� by-products:   

   pattern matching in proper motions: 

        individual transverse motion  20 �1as/yr , systematic - < 1 �1as/yr   

Slezak & Mignard, 2007 

  G < 18 
18< G < 19 

  19< G < 20 
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Pattern matching in positions/proper motions 
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Example: a pattern of proper motion from the acceleration of Solar system  

                towards the center of the Galaxy 
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Pattern matching in proper motions 

I.  Acceleration of the Solar system relative to remote sources leads to 

  a time dependency of secular aberration: 5 μas/yr 

• constraint for the galactic potential model 

• important for the binary pulsar test of relativity (at 1% level) 

Mathematics:  

     expansion of the proper motion field into vector spherical harmonics 

    the coefficients for n=1 give     - rotations  

                                                             - the solar system acceleration 

         Gaia will measure the acceleration with at least 10% accuracy 

         Accuracy limit of Gaia is  
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Pattern matching in positions/proper motions 
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Example: a GW of strain h and frequency  propagating in the direction =90°: 
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Pattern matching in positions/proper motions 

II.  Constraint on very low frequency gravitational waves:  

   - constraint of stochastic GW flux with   < 10-8 Hz 

         (similar study done for VLBI: Gwinn et al., ApJ, 1997) 

       Harmonic coefficients for n>1 give the GW-flux constraints… 

  - attempts to fit a pattern of apparent motions induced by an 

          individual GW with much higher frequencies  

                   up to 10-2 Hz 

                   using all the stars one can hope to get an improvement of  

          up to 5 orders of magnitude 

        Sensitivity analysis is ongoing…  Systematic errors… 

          Do not take these estimates seriously! 
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Gravitational Wave Spectrum 

Hobbs, 2008 
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One sentence from each part 

• General Relativity has many applications in astronomy 

• General Relativity is a well-established physical theory with many 

  applications (even at the engineering level) 

• Astrometry is making a stunning progress nowadays reaching the level 

  of 1 microarcsecond 

• Gaia will provide a variety of new relativistic tests 


