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Densities measurements

Most of the asteroids have not evolved since solar system formation
- Asteroids densities are keys for :

- Solar system formation
- Evolution
- Impacts and evolution of the solar system

- Densities + Spectroscopic observations => macro porosity

- fracturation
- rubble piles
- collisional history
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About 200 asteroid masses will be known
in the next 10 years using different ways,

Mars orbit perturbations,
Mutual perturbations,
Flyby,

Binary asteroids

GAIA will permit to determine several masses




Mars perturbations

As we know Mars orbit with a meter accuracy and as asteroids can
perturb Mars orbit of more than one kilometer, it is possible to
measure some asteroids masses (INPOP-10a A.Fienga et al 2011)

- we supposed that Mars orbit will be still known with an one meter
accuracy until 2020, we found 167 objects with masses that can be
measured with an accuracy better than 50%
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Binary asteroid light curves

(854) Frostia
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Expérience pédagogique niveau terminale

PHOTOMETRIE : Eléments physiques (Ap,Bp) — travaux pratiques

Reéalisation du Lyceée de I'Arc
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Prédictions...
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Four binaries founded on 400 light curves

(854 (1089 (1313) (4492
Frostia Tama Berna Debussy
ry k) 4.05-9.65 508599 4485-10.7 2.99-7.090
Fp (km) 2.05-6.99 348411 354839 1.92-456
a (km} 957250 947-12.2 09.63-248 523-135
Mi{10"%kg)  11-201 57121 25-426 3.7-63
pigem™)  0.75-1.02  2.23-2.82  1.07-1.36 0.80-1.01
Fod ¥y 0.724 (.685 (). 790 (643
alr, 2 342 50 | 86—203 214233 L7419
ey 3.23-3.59 2712095 271296 2.71-2.96
1-¢ 084089  0.72-0.79  0.76-0.82 0714077
[f we admit the validity of the
NO bias on detection criteria given above, and a mean value %f'- ~ =
StatiStiC can compute

We can do the same
with Gaia by searching

light curves

with anomamies

. [
p ({' = E) ~ 0.17.

This means that only 17% of the binary asteroids that have a ra-
tio rp/(2a) ~ 1/6 can be detected at a given opposition. As four
asteroids were recognized as binary, about 4/0.17 =~ 24 of the
total (4.0 % IUE} should be of the same tvpe, Taking account of

the uncertainties, the proportion of binary systems in the main
belt is thus probably around 6 + 3 percents.




An exemple of low amplitude transit / occultation
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We know 162 multiple asteéeroids
(5 triples, 1 quadruple) (may 2010)

35 NEOs, 7 Mars-Crossers,
62 MBO, 2 Trojans, 56 TNOs

* Discoveries,
— HST (47) -

— Ground based (29) - 8 m class telescopes (8-10m) with AO

— Ground based, light curves (62) - Small telescopes (1m-30cm),

— Radar (21) - Mainly Arecibo - NEO

— Space missions (1) .....




Low resolution spectrography : minéralogy
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Infrared photometry
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Occultations













T 193 — Sutherland RSA - Pluto Occultation — june 2008







Video Observatory

Caméra basse lumiére
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Résult :-(((( We need a good astrometry !! (1 mas at 2UA = 1.5km)
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Occultation by TERCIDINA (2002-09-17)
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Timing problems  (472) Roma — 2011 July 8th
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2 Uppsula Universily = Provided by the NASA Astrophysivs Dala Syslem

(532) Herculina 1978
(216) Kleopatra 1980
(146) Lucina 1982
( 71) Niobe 2005
( 22) Kalliope 2006
( 90) Antiope 2008
(216) Kleopatra 2009
(234) Barbara 2010

Et bien sur :

(134340) Pluto - Charon
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(22)Kalliope & Linus on 2006.11.08
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2006 November 7

Kalliope

Occultation by (22) Kalliope and Linus
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90 Antiope occults HIP 112420 on 2011 Jul 1% from 10h 10m to 11h
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