
Astrochemistry and Astrobiology of 

the Small Bodies in the Solar System

• The challenges of the Rosetta mission
• The astrobiological legacy of Rosetta

• Astrochemistry of the small bodies of the Solar System
• Astrobiology challenged by Astrobiowashing

Hervé COTTIN

LISA, Laboratoire Interuniversitaire des Systèmes Atmosphériques

Université Paris Est Créteil (UPEC), Université Paris Cité (UPC),UMR CNRS 7583

herve.co琀�n@lisa.ipsl.fr

@hco琀�n

©
 A

st
ro

ch
e

m
.c

o
m



The challenges of the Rose琀琀a mission

Hervé COTTIN

LISA, Laboratoire Interuniversitaire des Systèmes Atmosphériques

Université Paris Est Créteil (UPEC), Université Paris Cité (UPC),UMR CNRS 7583

herve.co琀�n@lisa.ipsl.fr

@hco琀�n



What is a comet ?
A small body of the Solar System

made of ices and dust

Comet Hale-Bopp (1997)

Nucleus (a few km) &

Coma (100 000 km)

Dust tail (10 millions km)

Ion tail (100 millions km)

Comet Hale-Bopp, at 1 AU, 1997



Two main reservoirs

The Kuiper Belt

The Oort Cloud

An excentric orbit

For 67 P 

Perihelion : 1,2432 au 

Aphelion  : 5,6829 au

Orbit : 6,44 y

au : astronomical unit

Sun-Earth distance: 150 106 km

Where do they come from ?

ESA

NASA/JPL



Making a comet nucleus

A dusty snowball ?

(Whipple, 1950)

An interstellar aggregate ?

(Greenberg, 1982)



What do they look like ?

ESA

NASA/JPL

1P/Halley

March 14th 1986, from 2000 km

Gio琀琀o



What do they look like ?

& Stardust Next, 2011



A role in the origin of life ? 
(water and organic compounds)

© NASA/JPL-Caltech

NASA/JPL-Caltech/T. Pyle (SSC) 

Why study comets ?

A reservoir of 

primi琀椀ve material



Why study comets ?
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Comet Machholz, 12/2004 
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Comet Mc Naught

01/2007
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Comet C/2020 F3 (NEOWISE) , 12 Juillet 2020 © THIERRY LEGAULT



Deciding ROSETTA

A昀琀er the surprises by Halley's Comet, the logical step for NASA and ESA is to bring 

back a cometary sample for analysis on Earth.

1986-1992 CNSR Mission(Comet Nucleus Sample Return) : NASA / ESA

1993 ROSETTA mission : ESA

NASA withdraw: sample return impossible.

Laboratory to the comet instead!

Champollion (JPL/CNES) Roland (MP + DLR)

JPL withdraw

in 1994

2 landers

Philae (DLR/CNES/ASI)



Launched March 2, 2004

New target: 

comet

67P/Churyumov-Gerasimenko

(~4km

30 琀椀mes more massive than 46P)

Launch ini琀椀ally planned for January 2003

 

Target: comet 46P/Wirtanen (~700 m)

But the failure of a launch of the Ariane 5 rocket on 

December 11, 2002 postponed the launch and led to a 

change of target.

Deciding ROSETTA



Launch : March 2nd, 2004

Target Comet 67P/Churyumov-Gerasimenko

 1st spacecraft « orbiting » around a comet

 1st in-situ analyses of a comet beyond 2 AU

 1st landing on a cometary nucleus

 A tremendously ambitious mission

Rosetta: Outlooks



 1 spacecraft « Rosetta »: 
 2.8 x 2.1 x 2 m + 2 solar pannels of 15 m (64 m2)
 2 970 kg (1 300 kg without fuel)
 11 instruments (165 kg)

  1 lander « Philae »: 
 1 x 1 x 0.8 m
 100 kg
 10 instruments (21 kg)

Launch : March 2nd, 2004

Target Comet 67P/Churyumov-Gerasimenko

Rosetta: Outlooks



Instruments

ALICE UV Spectrometer (70nm-205nm)

CONSERT COmet Nucleus Sounding Experiment by 

Radiowave Transmission

COSIMA COmetary Secondary Ion Mass Analyser

GIADA Grain Impact Analyser and Dust Accumulator

MIDAS Micro-Imaging Dust Analysis System

MIRO Microwave Instrument for the Rose琀琀a Orbiter

OSIRIS the Op琀椀cal Spectroscopic and Infrared Remote 

Imaging System

ROSINA Rose琀琀a Orbiter Spectrometer for Ion and 

Neutral Analysis

RPC The Rose琀琀a Plasma Consor琀椀um :

- Langmuir Probe (LAP)

- Ion and Electron Sensor (IES)

- Flux Gate Magnetometer (MAG)

- Ion Composi琀椀on analyser (ICA)

- Mutual Impedance Probe (MIP)

- Plasma Interface Experiment (PIU)

RSI Radio Science Experiment

VIRTIS Visual IR therla Imaging spectrometer

INSTRUMENTS onboard ROSETTA spacecra昀琀

Bring the lab to the comet !

UV, Vis, IR, Radio spetrometers

AFM

Cameras

Radar

Mass spectrometers….

All instruments must be :

• Small

• Light

• Low power consump琀椀on

• Reliable a昀琀er launch (vibra琀椀ons 

and chocks), 10 years in space 

(cold, radia琀椀ons), can’t be 昀椀xed if 

broken !

• And ready for unexpected things



Spectroscopy 

 Ultraviolet : ALICE 

-- 70-205 nm

 Visible : OSIRIS

-- NAC – 250 – 1000 nm (12 昀椀ltres)

-- WAC – 240-720 nm (14 昀椀ltres)

 Infrarouge : VIRTIS

-- plusieurs canaux 0.25 – 5 μm

 Mm & sub-mm : MIRO

-- 188 Ghz (1.6 mm) (con琀椀nuum data only)

-- 562 Ghz (0.5 mm) (con琀椀nuum & high 

resolu琀椀on)



Imaging & spa琀椀al resolu琀椀on

 OSIRIS : 

WAC 5 m.pixel-1 à 100 km

NAC 1.86 m.pixel-1 à 100 km

 COSIMA :

14 μm.pixel-1

 MIDAS  :

4 nm.pixel-1



Instruments

APXS Alpha Par琀椀cle X-Ray Spectrometer

CIVA Panoramic Camera & IR microscope

CONSERT Comet nucleus sounding

COSAC Evolved Gas Analyser : elemental 

and molecular composi琀椀on

MUPUS Mul琀椀-Purpose Sensors for Surface 

and Subsurface Science

PTOLEMY Evolved Gas Analyser : isotopic 

composi琀椀on

ROLIS Rose琀琀a Lander Imaging System

ROMAP Rose琀琀a Lander Magnetometer and 

Plasma Monitor

SESAME Surface Electrical, Seismic and 

Acous琀椀c Monitoring Experiments

SD-2 Sample and Distribu琀椀on Device

INSTRUMENTS onboard PHILAE lander

A race against 琀椀me

SDL : Separa琀椀on, Descent, Landing 

Nov 12th, 7h  from 22.5 km to comet

FSS : First Science Sequence : 2.25 days 

(50 to 56h)

LTS  : Long Term Sequence : mid Nov 

2014- March 2015





5 mass spectrometers at the comet

COSIMA (TOF-SIMS) ROSINA RTOF ROSINA DFMS

PTOLEMY

(GC - Ion Trap)

COSAC

(GC - TOF)



Mass spectrometers at the comet

Balsiger, H. et al. Rosina – Rosetta Orbiter Spectrometer for Ion and Neutral Analysis. Space Science Reviews 128, 745-801 (2007).
Goesmann, F. et al. Cosac, The Cometary Sampling and Composition Experiment on Philae. Space Science Reviews 128, 257-280 (2007).
Kissel, J. et al. COSIMA, a High Resolution Time of Flight Spectrometer for Secondary Ion Mass Spectroscopy of Cometary Dust Particles. Space Science 
Reviews 128, 823-867 (2007).
Wright, I. P. et al. Ptolemy – an Instrument to Measure Stable Isotopic Ratios of Key Volatiles on a Cometary Nucleus. Space Science Reviews 128, 363-
381, (2007).





End of mission : September 30th 2016



June 28th 2014

86 000 km

July 14th 2014

12 000 km
August 3th 2014

285 km

August 18th 2016

6 km

Credits: ESA/Rosetta/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA
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A sel昀椀e 

at 16 km from nucleus

14/10/2014

ESA/Rosetta/Philae/CIVA 



From a distance of 

28.0 km from the 

centre of Comet 

67P/Churyumov-

Gerasimenko on 

31 January 2015. 

The image 

resolution is 2.4 

m/pixel

Credits: ESA/Rosetta/NAVCAM







Complete journey at comet 67P : 08/2014 – 09/2016



A琀琀errissage le 12 Novembre 2014
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Rolis
3 km









September 5th 2016



September 5th 2016



Photos prises par la sonde Rose琀琀a pendant sont passage au périhélie, été 2015

Credits: OSIRIS: ESA/Rose琀琀a/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA; NavCam: ESA/Rose琀琀a/NavCam – CC BY-SA IGO 3.0

Summer 2015 Fireworks



Credits: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

July 29th, 2015



Deep Impact movie (1998)



End of Mission



September 29th, 2016

11h49

22.9 km from nucleus

Credit: ESA/Rose琀琀a/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

End of mission



September 30th, 2016

3h20

16 km from nucleus

614 m
Credit: ESA/Rose琀琀a/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

Fin de missionEnd of mission



225 m
Credit: ESA/Rose琀琀a/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

End of mission

September 30th, 2016

10h18

5.8 km from nucleus



33 m
Credit: ESA/Rose琀琀a/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

End of mission

September 30th, 2016

12h14

1.2 km from nucleus



96 cm
Credit: ESA/Rose琀琀a/MPS for OSIRIS Team 

MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA

End of mission

September 30th, 2016

13h19

20 m from nucleus



End of mission



Fin de mission

Septembre 30th – 13h19 20s



Rose琀琀a Science





Life of a cometary nucleus

Surface erosion, preserving the interior
• Con琀椀nuous degassing, throughout the mission, with a maximum of ac琀椀vity a few weeks a昀琀er the perihelion. 

• Di昀昀use & con琀椀nuous ambient coma, some琀椀mes accompanied by jets that may remain visible for a few 

minutes to a few hours. 

• The jets mostly come from regions containing frost (CO2 or H2O) on the surface, or from cli昀昀s. 

• erosion of the nucleus : 

• erosion of the cli昀昀s

• movements observed in the smooth zones, 

• displacement of blocks on the surface

• opening of fractures

• disappearance or deposi琀椀on of 昀椀ne materials. 

• morphologies of wind origin (e.g. “dune”), change in color and composi琀椀on (frost). 

• erosion-related processes limited to the 昀椀rst few meters. The interior of the nucleus is thermally insulated 

from solar hea琀椀ng (low iner琀椀a), which preserves the materials located a few meters below the surface.

Composi琀椀on: 
• Complex molecular composi琀椀on and a high abundance of carbon

• Some surprises related to water, O2
…





How to detect O2 in a comet

Very di昀케cult by spectroscopy (O2 is a symetrical molecule)

The detec琀椀on was made by mass spectrometry: we “weigh the molecule” thanks to 

its electrosta琀椀c proper琀椀es

But some spectral confusions are possible

O = 16 => O2 = 32

S = 32 !!

C = 12, H = 1, 

CH3OH = 32 !!

N = 14

N2H4 = 32 !!

H = 1,007

C = 12,000

N = 14,003

O = 15,995

S = 31,972

60
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