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Gaia Astrometric Alerts and Gaia-FUN-SSO follow-up : 

an opportunity for a Pro-Am collaboration

Gaia-FUN-SSO collaboration: K. Baillié, J. Desmars, S. Eggl, D. Hestroffer, A.-C. Perlbarg, V. Robert 
M. Saillenfest (IMCCE, Paris Obs., France), D. Souami (LESIA, Paris Obs., France), S. Bouquillon, F. Taris 
(SYRTE, Paris Obs., France), M. Dennefeld (IAP, Paris, France),  J. P. Rivet, L. Abe, P. Bendjoya, D. Vernet   
(Côte d’Azur Obs., Nice, France), A. Le Van Su (OHP, France), R. A. Mendez  (U. de Chile, Santiago), V. 
Godunova, V. Tarady (ICAMER, Kyiv, Ukraine), Y. N. Krugly (Kharkiv National Univ., Ukraine),  V. 
Troianskyi, V. Kashuba (Astron. Obs. of Odessa National Univ., Ukraine), A. Simon, V. Vasylenko (Astr. 
Space Psys., Kyev, Ukraine), A. Baransky (Astr. Obs., Kyev, Ukraine), I. Sokolov (Terskol, Russia), V. 
Ayvazian, R. Inasaridze (Abastumani, Georgia), I. E. Molotov (Moscow, Russia)
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+DPAC colleagues (ESA, CNES)



Data access

through periodical data releases:

• DR1: 14 Sept. 2016 => no Solar System Objects

• DR2: 25 April  2018 => 14 099 asteroids (Spoto et al., 2018)

• early-DR3:  3 Dec. 2020

• DR3 : 13 june 2022 (https://www.cosmos.esa.int/web/gaia/dr3) 

158 152  SSO (including 31 natural satellites and 1320 unmatched)

60 518 reflectance spectra

+ astrometry : 23 336 467 epoch astrometry

+ photometry : 60 518

+ osculating elements : 154 787

Gaia and the Solar System Objects
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11th OPTICON Gaia Science Alerts Workshop

Gaia and the Solar System Objects

P. Tanga et al., 2022

Distribution of the asteroids of the DR3 catalog (except Centaurs) 



Gaia and the Solar System Objects

P. Tanga et al., 2022
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Distribution of the asteroids in semi major axis (AU) 

of the DR3 catalog (except Centaurs) 

Details at Tanga et al. (2022):  https://arxiv.org/abs/2206.05561

and https://www.cosmos.esa.int/web/gaia/dr3

https://arxiv.org/abs/2206.05561


• Detection of all moving sources  up to mag 20.7

• Gaia alerts triggered after detection of uncatalogued moving objects

• Gaia Scanning law => monitoring impossible

• Processed data publicly available through https://www.imcce.fr

• Need for recovery from the ground and follow-up

• A loop to feed back the Gaia SSO reference catalog

Gaia and the Solar System Objects
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Alert published

on the web

The SSO-ST daily processing

• SSO-ST « Unknown » SSOs => Short Term Processing => alerts
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DPAC Consortium

DPCC (CNES) 

Short Term data 

processing

 Identification /ref. cat. 

 Astrometry

 Bundling

 Orbits

 Diffusion

Moving source



Goal and means

 Validation of the Gaia discoveries of new moving objects (~ 48h)
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 Recovery + complementary astrometry measurement

 Avoid possible false Gaia detections (artifacts, star spikes,…)

 Prepare the next identifications by feeding the reference catalog

 Contribution to NEO survey, for example => 2021 PO41



Goal and means
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 Irregular flux of alerts

 Observability conditions: 50% North 50% South hemisphere

 Need of various locations (geographical coverage)



• Before 2016…follow-up observations by pro and amateurs expected

• Workshops 2010 + 2012 + 2014

• Starting in 2016…Most of the alerts in the 20-21 magnitude range

• Observations for validation/detection => 

 0.8m - 1m diameter well adapted / smaller diameters possible

 low S/N & low precision astrometry acceptable 

 5 exposures are enough (blink + astrometry in MPC format)

 UTC timing
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Goal and means

Sept. 2022: 

>400 detections

325 MPC desig.

Mean

Mag. 

20.3



Goal and means

Alerts publicly release through the web site: https://gaiafunsso.fr
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 List of alerts daily updated

 Sky maps

 Notification on the detection already done

 Low precision ephemerides

 Button to report positive observation



Goal and means
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Gaia Id.

Sky Map

Ephem.



Asteroid recovery: a challenge 

• On the basis of short arcs of orbit

• MCMC method (Oszkiewiczs 2009, Muinonen 2015) => bundle of orbits

• Projected on the sky => areas for recovering

• « Ephemerides » and sky maps on the web
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Information 

on the alert

+nb of transits

Sky map

Field of View

Here 12’x12’

Most probable 

zone  (blue)

Zone to explore 

if not in the FoV

(red) on date 1

and on date 2, 3, 

4

Ephemerides

+ Velocity

https://gaiafunsso.imcce.fr



• Haute-Provence Observatory (OHP code 511)

GFSSO stations 

Joint programme GFSS0 + Sc. Alerts (photometry SN, gravi. Lens,…)

4 nights every 2 months

T 1.2m

« classical observations »

OHP (France)

T1.2m

Credits: J. Desmars
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• Haute-Provence Observatory (OHP code 511)

• C2PU remote telescope (OCA Calern Code 010

Joint programme GFSS0 + Sc. Alerts (photometry SN, gravi. Lens,…)

4 nights every 2 months

T 1.2m

« classical observations »

Observations in remote

programme GFSS0

T 1.0m

OHP (France)

T1.2m

C2PU (France)

T1m

GFSSO stations 



Kiyv Comet Station 

(Ukr.)

T0.7m Odessa obs. (Ukr.)

T0.8m

Terskol

(Russia)

T0.8m

Abastumani

(Georgia)

T1.2m & T0.7m

GFSSO collaborations
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Cerro Tololo (Chile)

3 xT1m

Siding Springs (Austr.)

2 xT1m

Sutherland (South Afr.)

3 xT1m

McDonald (USA, TX)

2 xT1m
LCOGT  1m robotic telescopes
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The results (sept. 2022)

• More than 400 objects detected on alert

• 75% performed at Las Cumbres (LCOGT)

• Almost 325 designations assigned by MPC

• 10% objects were « new » (days, weeks) 

• A few will be assigned to Gaia

• Many objects are not new but very badly known

(uncatalogued) or even lost

(Carry et al. 2020) RAPAS Pro-Am activity Kick Off meeting



Gaia detections (blue) vs. ASTORB (grey)
(Carry et al. 2021) 
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Summary

• SST works well up to 10 to 15 days after Gaia detection

• More than 400 detections of « new » asteroids (oct. 2022)

• Few Gaia discoveries + many re-discoveries

• Bias to high inclinations + outer main belt : poorly known

population of asteroids + observational bias

• Amateurs can make a valuable contribution

Carry et al. : article to be published in A&A 

accessible at https://arxiv.org/abs/2010.02553
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https://arxiv.org/abs/2010.02553

