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Comet properties
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Comet properties

Whipple model 1951
Confirmation 1986 !
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Comet properties

• Irregular object: 15 x 7 x 10 km.
Dark color, neutral spectrum 
without features, reddish.
Albedo ~4%. 

• Similar to very dark asteroids, rich in 
volatiles and organic compounds 
from the external Main Belt (types 
P, D)

• Composition (number of molecules):
water ice            80%
Carbon monoxide 10%
Carbon dioxide          3.5%
Organic compounds (CHON)        
1-2%

• slowly rotating, periods of many 
days, and usually present a nutation 
movement. 
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Comet properties

103P/Hartley 2 (EPOXI target; 
Weaver et al. 1992)
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Comet properties

~65% ~35%
Stardust (2004): 81P/Wild 2

Cometary samples returned in 2006:
• Abundances similar to carbonaceous IDPs 

and CI chondrites (Flynn et al., 2006)
• Mineralogical variety with crystalline 

silicates (1500K) indicates large scale 
mixing in the primordial nebula (Zolensky
et al., 2006; Keller et al., 2006)

• Some peculiar compositions : particles rich 
in Na, Cr, K (Joswiak et al., 2007; 2008)

• Glycine (amino-acid) discovered (Elsila et 
al., 2009)
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Solar system formation, LHB and Nice model

Lagrange et al. 2008 A&A Let.
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Solar system formation, LHB and Nice model
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Implies: short cataclysmic bombardment 
(50-100 Ma) with formation of impact basins 
between 4 and 3.8 Ga: Late Heavy 
Bombardment (LHB)
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Solar system formation, LHB and Nice model

De Meo & Carry Nat 2014
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Transitional link with asteroids?

≈ 0.5 g cm-3

≈ 0.6 g cm-3 ≈ 0.6 g cm-3

≈ 0.6 g cm-3

≈ 0.3 g cm-3

≈ 0.3 g cm-3
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Transitional link with asteroids?

Comet reservoirs
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Transitional link with asteroids?

Distribution in the solar system

Cracking the ‘compositional code’ of the map
Earlier planetesimal-formation theories that explained the history of the
asteroid belt invoked turbulence in the nebula, radial decay of material due
to gas drag, sweeping resonances and scattered embryos47,48. Individually,
each mechanism was, however, insufficient, and even together, although
many of these mechanisms could deplete, excite and partially mix the
main belt, they could not adequately reproduce the current asteroid belt49.

The concept of planetary migration—whereby the planets change
orbits over time owing to gravitational effects from the surrounding
dust, gas or planetesimals—was not new, but its introduction as a major

driver of the history of the asteroid belt came only recently. Migration
models began by explaining the orbital structure and mass distribution
of the outer Solar System, including the Kuiper belt past Neptune50.
Individual models could successfully recreate specific parts, but we still
sought to define a consistent set of events that would explain all aspects
of the outer Solar System. Every action of the planets causes a reaction in
the asteroid belt, so these models also needed to be consistent with the
compositional framework within the main belt that we see today.

The Nice model was the first comprehensive solution that could simulta-
neously explain many unique structural properties of the Solar System11–13,51,52,
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Figure 3 | The compositional mass distribution throughout the asteroid
belt out to the Trojans. The grey background is the total mass within each
0.02-AU bin. Each colour represents a unique spectral class of asteroid, denoted

by a letter in the key. The horizontal line at 1018 kg is the limit of the work from
the 1980s2,8,9. The upper portion of the plot remains consistent with that work,
but immense detail is now revealed at the lower mass range19.
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Figure 4 | The compositional mass distribution as a function of size
throughout the main belt out to the Trojans. The mass is calculated for each
individual object with a diameter of 50 km and greater, using its albedo to
determine size and the average density39 for that asteroid’s taxonomic class. For
the smaller sizes we determine the fractional contribution of each class at each
size and semi-major axis, and then apply that fraction to the distribution of all
known asteroids from the Minor Planet Center (http://minorplanetcenter.org/)
including a correction for discovery incompleteness at the smallest sizes in the

middle and outer belt19. Asteroid mass is grouped according to objects within
four size ranges, with diameters of 100–1,000 km, 50–100 km, 20–50 km and
5–20 km. Seven zones are defined as in Fig. 1: Hungaria, inner belt, middle belt,
outer belt, Cybele, Hilda and Trojan. The total mass of each zone at each size is
labelled and the pie charts mark the fractional mass contribution of each unique
spectral class of asteroid. The total mass of Hildas and Trojans are
underestimated because of discovery incompleteness. The relative contribution
of each class changes with both size and distance.
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DeMeo and Carry, Nature 2014

Main belt comets distribution,

updated from Jewitt, AJ 2012

Possible activity mechanisms include: 

sublimation, impacts, electrostatics, 

rotational bursting, thermal effects, 

radiation pressure sweeping
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- Danger !    -
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Rosetta Payload

11 instruments :
ALICE
VIRTIS
OSIRIS vis, near IR&UV camera
CONSERT bistatic radar
COSIMA
ROSINA
MIRO microwave detection
GIADA dust dynamics detection
MIDAS dust grains microscope
RPC plasma measurements
RSI Radio science

UV, vis & IR spectroscopy

Mass spectrometry

Rosetta main goals include : understand the formation of comets, determine their 
composition, analyze the surface and the interior, determine what role they played 
for Earth’s evolution. 
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Rosetta Payload

9 instruments :
COSAC complex molecules analysis
MODULUS-Ptolemy isotopes
CONSERT bistatic radar
APXS composition
MUPUS penetrating sensors
ROMAP magnetometer and plasma
SESAME surface physical properties
CIVA VIS and IR camera
ROLIS CCD camera

Subsurface probes:
μwave MIRO (∼ cm) 
MUPUS    (10 cm)
Drill S2D (few 10 cm)
SESAME/PP (∼ 1 m)
Radar CONSERT ((100 m)
RSI (whole nucleus)
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Rosetta mission phases

Mission phases. March 2004: launch from Kourou
Initially scheduled for Jan 2003 for 46P/Wirtanen in 2011
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Rosetta mission phases

Mission phases. March 2005: gravity assist by Earth 1
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Rosetta mission phases

Mission phases. March 2007: gravity assist by Mars

Osiris 
Civa
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Rosetta mission phases

Mission phases. Nov 2007: Gravity assist Earth 2

Osiris
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Rosetta mission phases

Mission phases. Sept 2008: 2867 Steins fly-by at 800km

Probably an aggregate
Evidence for YORP 
effect
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Rosetta mission phases

Mission phases. Nov 2009: Gravity assist Earth 3

Virtis
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Rosetta mission phases

Mission phases. Jul 2010: 21 Lutetia fly-by at 3160 km
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Rosetta mission phases

Mission phases. May 2014: rendez-vous maneuver

Aug 2014: nucleus close-in
Nov 2014: landing
Aug 2015: perihelion passage
Sept 2016: end of mission
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Rosetta rendez-vous

Mission phases. 2014-15: rendez-vous and landing

Mission issues:

➢distance => communication ~50min

➢Low gravity => 
Gas drag force > g (5 10-4 ms-2)

➢Rotation 12.55 h~ orbital period

➢Unknown environment => dust

➢Extremely porous body

Lamy et al., 
A&A 2006
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Rosetta rendez-vous
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Rosetta mission phases

28

Rosetta

3. Exploring comets
Active depression

Not a crater
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Rosetta rendez-vous

29
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2 years of exploration
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2 years of exploration

• A short-lived outburst from Comet 67P/Churyumov–Gerasimenko was captured 
by Rosetta’s OSIRIS narrow-angle camera on 29 July 2015. 

• The jet is estimated to have a minimum speed of 10 m/s and originates from a 
location on the comet’s neck, in the rugged Anuket region.

13:06 GMT 13:24 GMT 13:42 GMT
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2 years of exploration

Sierks et al., Science 2015 Credit: ESA/Rosetta/OSIRIS Team
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2 years of exploration
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2 years of exploration
Fractures and debris in the Hathor region
Credit: ESA/Rosetta/OSIRIS Team Thomas et al., Science 2015 
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2 years of exploration



The Rosetta mission

2019 Séminaire CEA 36

2 years of exploration
Wall meter scale structures in the Seth region. 

Sierks et al., Science 2015 Credit: ESA/Rosetta/OSIRIS Team
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2 years of exploration

?

Craters ?

Sierks et al., Science 2015 Credit: ESA/Rosetta/OSIRIS Team
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2 years of exploration
Cryovolcanism ? Thomas et al., Science 2015 

Sierks et al., Science 2015 

dunes ? Credit: ESA/Rosetta/OSIRIS Team
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2 years of exploration

Subsurface temperature from MIRO
=> A very low thermal inertia (~10 to 50 J K–1 m–2 s–0.5) 
(Gulkis et al. 2015)
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2 years of exploration



The Rosetta mission

2019 Séminaire CEA 41

2 years of exploration

41
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2 years of exploration
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2 years of exploration - landing
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2 years of exploration



The Rosetta mission

2019 Séminaire CEA 45

2 years of exploration

5m
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2 years of exploration - landing



The Rosetta mission

2019 Séminaire CEA 47

2 years of exploration - landing

ESA / Rosetta / Philae / ÇIVA



The Rosetta mission

2019 Séminaire CEA 48

Philae landing site: vicinity of Abydos
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Philae landing site: vicinity of Abydos

Is the interior pristine ?
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Areas sounded during CONSERT FSS

Propagation length across comet 190-760 m
for the green signal

Kofman et al., Science, 2015

dmin=560m
dmax=760m

dmin=190m
dmax=710m

CONSERT data
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Interior results

- From propagation delays measured by CONSERT
Mean permittivity 1.27 ± 0.05           (H20 ice:3.2, C02 ice:2.5)
Porosity : 75-85%
Dust/ice ratio ~ 0.4 – 2.6
Density comet ~ 470 kg/m3

Dust : analogous to Carbonaceous chondrites CC

- From the density (volume and mass) :
Average density 533 ± 6 kg/m3   

Porosity  > 70%

Pätzold et al., Nature, 2016

Kofman et al., Science  2015
Sierks et al., Science 2015

Sierks et al., Science , 2015

- A decrease of permittivity value with 
depth (2.4 -> 1.3) linked to higher 
porosity or more ice content. (Ciarletti
et al. A&A 2015)

- No indications of internal structures at 
the scale of CONSERT’s wavelength 
~1m (Ciarletti et al. MNRAS 2017)
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2 years of exploration
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2 years of exploration
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2 years of exploration

Comets have provided compounds required for the birth of life on Earth :

COSAC : 16 organic molecules identified, with 4 never detected in space (methyl-
isocyanate, acétone, propionaldéhyde, and acétamide)

PTOLEMY : complex molecule chains as : polyoxymethylene (O-CH2), composition 
ratios of water (75%), CO2 (15%), CO (7%), Autres (3%) ? 
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2 years of exploration
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2 years of exploration
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2 years of exploration
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2 years of exploration

Levasseur-Regourd et al. SSR 2018
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2 years of exploration
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2 years of exploration
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End of mission
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Pristine body ?
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Comet Astrobiology Exploration SAmple Return (2025-2038)
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Kuiper Belt exploration – Ultima Thule

Thank you for your attention !


