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Interest of ancient observations  for asteroids?

Improvement of …

� the orbital elements / ephemerides

� orbital caracterization and identification  

Asteroid data mining and precoveries in 
the Gaia era
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� orbital caracterization and identification  

� observations connection

� predictions of events (stellar occ., …)

� impact risk assessment (PHAs)

=> Strong interest for NEAs / PHAs science



� Asteroid database and precision: global overview

Asteroid data mining and precoveries in 
the Gaia era

Outline
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� Data mining: what are the possibilities / what impact ?

� The 99 942 Apophis case



Asteroid database and precision: 
global overview
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global overview



Asteroid Observations: global overview

From Minor Planet Center (http://www.minorplanetcenter.net/)

Astrometric measurements
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Asteroid Observations: global overview

From AstDyS-2 (http://hamilton.dm.unipi.it/astdys/)
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Asteroid Observations: global overview

From AstDyS-2 (http://hamilton.dm.unipi.it/astdys/)
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� CEU (arcsec): current 1-σ uncertainty

CEU rate (arcsec/day)

� From Lowell obs.  (Bowell E.)
(ftp://ftp.lowell.edu/pub/elgb/astorb.html)

� ASTORB database provides five parameters measuring uncertainty

Sky plane 
uncertainty at a 

Uncertainty parameters

� CEU rate (arcsec/day)

� Date of CEU

� PEU (arcsec) : next peak uncertainty

� Greatest PEU: (arcsec) : 2 parameters:  
(1):greatest PEU in 10 years from date of CEU
(2): greatest PEU in 10 years from date of PEU
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uncertainty at a 
given date



ASTORB data base
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J. Desmars et al. 2010



�250<arc<8000 days 
�0.1<CEU<100 arcsec

ASTORB data base

�Arc<250 days
�1<CEU<107 arcsec

�arc>8000 days 
�0.01<CEU<10 arcsec
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J. Desmars et al. 2010



Precision vs. Length of arc

June 20-22, 2012 NAROO workshop, Paris 12

J. Desmars et al. 2010



Datamining: what are the possibilities / 
what impact ?

June 20-22, 2012 NAROO workshop, Paris 13

what impact ?



� Skybot web service (skybot.imcce.fr): 

pre-computed ephemeris (see talks by J. Berthier + M. Birlan)

� Different approaches:

Data mining
Search for precovery data (pre-discovery recoveries) ?
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� Intensive data mining of large source databases

� Mining of a survey catalogue  > list of new obs. of asteroids

�Mining a collection of catalogues > to get astrom. of one 

peculiar target

� Some limitations for astrometry (timing, reduction, faintness, 

metadata,...)



Method to use for extending the period of observation?

by applying Re-reduction to:

� prioritary objects : PHA, space mission targets,…

� selected CCD frames

Re-reduction
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� The best stellar astrometry possible
=> the best accuracy of asteroid positioning

� Impact of the future Gaia catalogue?

� selected CCD frames

� selected digitized photographic plates 



99 942 Apophis
Discov.: 2004 June 19

http://www.minorplanetcenter.net/
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MPCObs

Datamining
6 obs in 

2004 March



Toutatis
Discov.: 1989

http://www.minorplanetcenter.net/
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MPCObs

Datamining: 
2 obs in 1934
2 in 1976
5 in 1988
2 in 1989



ASTORB data base:

Data mining done

: Global view of the data issued from data mining

Year of discovery / year of first observation

380 000
asteroids
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ASTORB data base:

Data mining done
Date discovery > date 1st obs. 

Measurements done through data mining:
380 000
asteroids 273 970 (71%)
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J. Desmars et al. 2010



ASTORB data base:

Data mining done

Date discovery < date 1st obs.
1st observation too unprecise? 

not registered as date of discovery

380 000
asteroids
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ASTORB data base:

Data mining done

Only NEAs
2691
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ASTORB data base:

Data mining

Only NEAs
2691

782 NEAs (29%)
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J. Desmars et al. 2010



Case of 99942 Apophis
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B-Plane
Containing
Earth center

Bessel Bessel plane plane / / KeyholesKeyholes
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KEYHOLE:
Inducing
change 
toward

collisionnal
trajectory
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Earth



B-plane of 99942 Apophis

Bancelin et al., 2012 A&A in press

• obs. 2004-2011
• 3σ uncertainty ellipses
• S0: 15 km x 350 km
• S3: 15 km x 245 km

Apophis 2029 B-plane 
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• S3: 15 km x 245 km
• Keyholes

To the Earth : 38 080 km

Year Resonance Keyhole size

Chesley, 2006



Impact of direct Gaia observations 
on the orbital model of 99942 Apophis

• Sets of observations
• S1: optical 2004-2011 + radar
• S2: S1 + 12 Gaia obs. (5mas)
• S3: S1 + 1 radar in 2013 (1 µs)
• S4: S1 + 1 optical (100 mas)
• S5 : only 1 observation by Gaia (5 mas)

• simul. direct Gaia obs. of 
Apophis

• Propagation of error
• covariance matr. Tech.

Position known to less
than 50 km on the period
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D. Bancelin 2011



Impact of the Gaia catalogue

on the orbital model of Apophis

Current stellar catalogues : 

� Systematic errors =>  impact on the asteroid orbital models

� Estimate of biases => Zonal corrections
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Impact of the Gaia catalogue

on the orbital model of Apophis

D. Bancelin (2011, Phd Thesis)

� Simulation of re-reduction with the Gaia catalogue (50 mas)
� improvement of uncertainty by 10 (a, e, Ω, M) and 100 (i) 
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with Gaia cat.without



� Simulation of re-reduction with the Gaia catalogue (50 mas)
� 2019 B-Plane  of Apophis: uncertainty ellipse reduced by factor 10

Impact of the Gaia catalogue

on the orbital model of Apophis

D. Bancelin (2011, Phd Thesis)
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Impact of the Gaia catalogue

on the orbital model of Apophis

• Accuracy in helioc. distance (km)

• Error propagation (covariance 

matrix techn.)

• NEODys obs (2004 to 2012) 

Close approach 2029
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• NEODys obs (2004 to 2012) 

=> nominal values

Simulation of re-reduction
with the Gaia Catalogue 
(10 mas):

�All observations 
�20 (10 first and 10 last)
�10 (5 first and 5 last)
�2  (1st and last ones) Strong improvement (/1000)

J. Desmars, 2012



Thank you!
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