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DeMeo & Carry 2014

The distribution of asteroids: a new view of the Main Asteroid Belt

“Excluding the four most massive asteroids, primitive material (C-, P-types) 
account for more than half main-belt and Trojan asteroids by mass”

→ huge biases in the meteorite collections



Microscopy – reflectance – ion irradiation

 Largely studied for the Moon and S-type Asteroids. Open questions for primitive bodies.

DeMeo et al. 2009
Asteroid Taxonomy

Compositional information obtained though 
VIS-NIR reflectance observations → taxonomy



Space weathering

Extraterrestrial materials

The majority of small solar system bodies is affected by weathering processes induced by solar wind and cosmic ions.

Interpreting observed reflectance spectra requires the comprehension of mechanisms determining surface evolution. 
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Laboratory experiments can help understanding surface weathering and spectral variations of small bodies. 
The majority of VIS-NIR studies has been performed on high albedo objects. 

Few studies have been dedicated to low albedo (primitive) objects. 

Ion irradiation experiments

Micro-spectroscopic reflectance 
measurements on cometary and 
asteroid particles, and their analogs
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Bibring 1978, Langevin 1978, Borg et al. 1983, 1998, Benit et al. 1987, Strazzulla et al. 1983, etc.

Ion irradiation of meteorites (and 
ices) rich in carbon and in-situ analysis 
by reflectance & transmittance

Spectra to be compared with telescopic and in-situ observations 
=> towards a complete scenario for the irradiation-induced 
evolution of carbon-rich surfaces

0.4 – 17 µm
Reflectance & Transmittance
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First tests @ SIDONIE (CSNSM)

→ Icarus, 2014

    → A&A, 2015



VIS-IR and Raman spectra: modification of silicates and of the aromatic carbon component

Raman shift (cm-1)



Effects on Mg/ Fe ratio

Irradiation timescales of 103–104 yrs 
in the main asteroid belt
=> very efficient rejuvenating processes



Enstatite  Diopside  Olivine

# RA-QD02-0163
30 µm

We estimate a 0.11% volume fraction of metallic iron 
particle inclusions in the host silicate matrix
and upper limit timescales of 2 Myr for this particle



Primitive Antarctic Micrometeorites (CSNSM) 

FgF DC06-04-16 Sc DC06-11-715

(Duprat et al. 2010, Engrand et al. 2011, Dartois et al. 2013)

Preliminary results show very low albedo (0.01-0.05)
compatible to cometary nuclei



Schedule:

2013 - Validation of INGMAR experimental approach (Completed)
First irradiation of meteorites and ex-situ reflectance (Completed)
Design and construction of the vacuum chamber (Completed)
Acquisition of the pumping system (Completed)
First test of micro-reflectance on Itokawa grains (Completed)
First applications to observations (Completed)

2014 - New irradiation on CM meteorite (Completed)
Acquisition of optical and spectroscopic components (Completed)
New measurements on two grains from Itokawa (Completed)
Tests with grains of the GIADA team (Rosetta) (Completed)
First tests with micrometeorites reflectance (Completed)
Assembling vacuum chamber and pumping system (Completed)
Coupling vacuum chamber - spectroscopy (Completed)
Coupling in-situ irradiation - reflectance (Completed)
Renewal of the platform SIDONIE (Ongoing)

2015 - Irradiation of different classes of meteorites
Irradiation of analogue samples 
Micro-reflectance of micrometeorites
Multi-analysis (electron microscopy, etc.)
Develop a weathering scenario for low albedo objects
Applications to astronomical observations

2016 …- Extension of INGMAR to micrometeorites and ices
Line open to external collaborations (outside the consortium)
Applications for space missions





P2IO context

Activity based on a close collaboration IAS - CSNSM in Orsay, two laboratories of P2IO. 
It will make available an experimental setup to the community working on ion irradiation of solids. 
INGMAR can be used to perform  ion irradiation / implantation of any solid in a large range of temperatures, 
monitored in-situ by visible to IR reflectance and transmittance spectroscopy. 
→ opportunity for other applications (solar cells, thin films, etc.) besides Astrophysics → different communities

The INGMAR setup is already planned to be used also by students attending specific courses. 
A series of TP (“Travaux pratiques”) within « Environnement spatial, implantations ioniques et spectroscopie » 
for students of the M2 OSAE (Outils et Systèmes de l’Astronomie et de l’Espace) is planned for February 2015. 
More activities shall be planned in the future, once the system will be fully operational.



Mission context: Rosetta, New Horizons, Hayabusa 2, OSIRIS-REx, JUICE
It is developed in the frame of a very favorable international context, thanks to upcoming space missions 
OSIRIS-REx (NASA) and Hayabusa 2 (JAXA), designed to perform sample returns of primitive asteroids  rich in 
organic compounds. 

In the longer term, the implementation of a dedicated irradiation platform for solids of astrophysical 
applications may provide a fundamental support to the JUICE mission (ESA).
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