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Gaia DR3 
see https://www.cosmos.esa.int/web/gaia/data-release-3



Before DR3… (a story)
• Hipparcos 1989–1993


‣ some 48 asteroids + satellites and planets


• Gaia DR1 & Gaia eDR3


‣ no SSO directly, but stellar catalogues


• Gaia DR2


‣ stellar catalogue, with proper motions


‣ some 14,000 asteroids  (show-case as DR1 stars)



now in Gaia DR3
• catalogue and auxiliary data for asteroids


• ≈158,000 asteroids  pre-selected à priori  if #.transits ≥ 8 
  + add Pluto+Charon, satellites (dedicated treatment)

tbc

+SSO in DR2 - epoch photometry (transits) and epoch astrometry (CCD)

SSOs



now in Gaia DR3
• cf. DR3 chapter for SSO


• Mostly epoch data (FOV transit -or- CDD level)


• Objects: 


‣ asteroids mostly -  
NEOs, MBAs, Trojans, TNOs, …  + dwarf planets 
known & unmatched


‣ planetary satellites


‣ no comets (yet)    &   no planets (never)


• Time interval: [mid 2014 + 1000 days / 34 months] 


‣ i.e. ≈ 1.Period for MBA @2AU



Gaia DR3
• General performances (asteroids only) 

  NB: no photometry no spectra for natural satellites & unmatched objects  

• Astrometry (CCD)


• Photometry (transit)


• Spectro-photometry (transit)  

+ orbits  
in aux. data



Gaia DR3
• Photometry –> sparse light curves, phase curves


• tests on Lutetia+Steins


• => see paper by Galluccio et al.  & Tanga et al.


• Spectrophotometry –> spectra in the blue


• #60518 asteroids (MBAs, Hildas, Trojans)


• => see paper by Delbo et al.



Gaia DR3
• Planetary satellites  =  #31 (/44 possible)


• some with few data:  from 1 to ≈60


• add: Pluton+Charon



Gaia DR3
• Unmatched objects 

‣ detection of unmatched moving sources


‣ linking tracklets over successive PFOV-FFOV


‣ potentially new object (or poor a priori ephemeris)


• pipeline started in 2017 (6months data)


• 1320 (/1531) chained transits


‣ 60% with only two transits


‣ 4% with more than 6 successive transits


‣ BUT at the time of auxiliary MPC knowledge (2017, not 2022)


‣ identification available in auxiliary Gaia catalogue  



SSO DR3 – overview
• Astrometric precision 

‣ random (CCD) + systematic (transits)


‣ depends on magnitude 


‣ 0.2–10 mas  
  i.e. sub-mas 10 ≤ G ≤ 18


‣ better than DR2, best for med-bright/faint


‣ independent in (AL, AC) not in (RA, Dec)



SSO DR3 – overview

• Astrometric precision 

‣ dedicated centring for SSOs


‣ rms for transit level residuals


‣ comparison DR2  wrt  DR3



SSO DR3 – overview

• Astrometry 

‣ publication in classical (RA, Dec) +UTC 
no relativistic light-deflection applied (vs. DR2) 


‣ very high precision+accuracy in AL (vs. AC)


‣ => highly correlated (RA, Dec)  
     or non-diagonal weighting matrix


‣ => analysis mostly in AL



SSO DR3 – results

• Some results from Gaia DR3 — see PVP paper Tanga et al. 

‣ Orbits computations 

‣ Binary asteroid 

‣ Yarkovsky effect 

‣ Photocentre offset



SSO DR3 – results
• Orbit improvements (!a)   ≈155k orbits 

‣ Gaia data only here  (CNES cluster)                  •  comparison to JPL with all g-b obs.



SSO DR3 – results
• Binary asteroids 

‣ (resolved Pluto+Charon)


‣ MBA (4337) Arecibo discovered in 2021     
                    from occultations 


‣ separation ≈ 30mas     


‣ 38 Gaia transits


‣ LC inversion: spin-rate+pole+shape 
                                



SSO DR3 – results
• Binary asteroids 

‣ (4337) Arecibo


‣ wobble on 13 successive transits 
over 2.3 days


‣  fit for orbital pole  
     and semi-major axis                              



SSO DR3 – results
• Binary asteroids 

‣ (4337) Arecibo


‣ wobble on 13 successive transits 
over 2.3 days


‣  fit for orbital pole  
     and semi-major axis  


‣ good residuals and  
agreement with occultations    
                         



SSO DR3 – results
• Yarkovsky effect 

‣ long term (secular) variation of semi-major axis  
=> combine g-b + Gaia


• example (3200) Phaeton 


‣ NEO object small ≤ 5km, with good orbit


‣ with known Yarko (A2 = −5.56E-15 ±0.7 AU/d2) 
thanks to radar observations


‣ ≈6400 g-b obs. (-no radar but) + 356 Gaia obs.  
                       (A2 = −6.1E-15 ±0.75 AU/d2)


• exple (1620) Geographos


‣ marginal detection thanks to Gaia data

Gaia astrometry  
as good as  

radar measurement  
for NEOs 

cf. Bancelin et al. 2013 
     Desmars et al. 2013



SSO DR3 – overview

• A particular scanning law


‣ low solar elongations (45°)


‣ moderate solar phase angle (up to 30°)



SSO DR3 – results

• Photocentre offset 

• exple (21) Lutetia 


‣ ≈100km large object (121×101×75km)


‣ 29 Gaia transits


‣ models form photometry, LC inversion two images and photo centre displacement fo Lutetia

phase angle 24.2 and 20.9°


photocentre offset  5.96 and 10.91 km  
                              i.e. 3.3 and 5.4 mas 


 




SSO DR3 – results
systematic effects detected  

(strong rejection rate in DU457 10<G<15)

phot. offset models (spherical + topographic)



SSO DR3 – results
not corrected corrected

The lines represent the displacement of each data point with respect to the left panel. 

General improvement, more centered residuals - albeit not perfectly  (cf.        )  
-> margin for improvement ; application to many smaller asteroids (DR4 )



Gaia-FUN-SSO

• also daily processing for detection  
of 'unknown’ moving sources


• ground-based campaign Gaia-FUN-SSO 
gaia-fun-sso@imcce.fr 


• discovery of asteroids 


‣ MBAs, mag>20, high inclination >15°

DR2 asteroids +new



Astrometry of Asteroids
• New technique from stellar occultations (cf. Desmars et al.) 


• Astrometry of asteroids is based on positioning relative to reference star, reference astrometric catalogue 
(…, GSC, USNO-A2, PPMXL, Tycho, UCAC, …)


‣ Gaia DR2: reduction of CCDs and plates - calibration  exple GBOT, OSSOS, …


• Corrections to MPC cata


‣ Eggl et al. 2020 Icarus 339 Star catalog position and proper motion corrections in asteroid astrometry 

‣ Ivantsov et al. (in prep.,  IAUGA 2015 ) On the degradation of asteroid astrometry due to background objects 

• Re-reduction of ancient observations (when available and not recent)


‣ CCDs


‣ photographic plates



NAROO
• The NAROO service @obspm


• Re-reduction of ancient observations


‣ thanks to excellent proper motions


‣ -> photographic plates


‣ NAROO-AST  
pre-discovery of NEOs 
search in selected archives



NAROO

• The NAROO service @obspm


• Re-reduction of ancient observations


‣ photographic plates


‣ NAROO-AST pre-discovery of NEOs 
in selected archives

date [year]

Orbit improvement for 2014 WV363   pre-recovery 60 years ago



Gaia DRs – next generations
• What to expect in DR4 and later DR5 

‣ a DR3+ (DR3 on longer time span)


‣ comets with asteroids and satellites, more objects ≈350.000 asteroids


‣ more calibration and corrections


‣ more auxiliary data (e.g. masses)


‣ longer time frame ≈10years (2014 – 2025)



Prospects
• Science 

‣ from stellar catalogue (cont.)


‣ from Gaia source directly


‣ from Gaia + ground-based data


- masses/density, tests of Gravitation, PHA and IP, occultations, Yarkovsky, comets, 
satellites, etc.


‣ synergy Gaia + LSST


‣ …


