
The ultimate goal of 
Rosetta:

Decipher the origin of the 
solar system, the Earth and 
life by studying a comet

Deciphering the Rosetta stone



Payload
• OSIRIS Camera 28 kg
• ROSINA Gas-Mass spectrometer 35 kg
• COSIMA Dust-Mass spectrometer 20 kg
• GIADA Dust flux analyzer 4.5 kg
• MIDAS Dust microscope 5.5 kg
• VIRTIS Infrared-Spectrometer 23 kg
• MIRO Microwave-Experiment 16.2 kg
• ALICE Ultraviolet-Spectrometer 2.2 kg
• RPC Plasma instruments 5.7 kg
• RSI Radio Experiment 0.0 kg
• CONSERT Comet Nucleus Sounder 2.0 kg
• LANDER Philae with 9 experiments 100 kg



Rosetta: the third cornerstone of Horizon 2000

• The closest ever encounter with a comet
• The first mission to put a lander on a comet
• The first mission to accompany a comet from 4 au through

perihelion out to 4 au
• The biggest challenge so far for Flight Dynamics



2. March 2004
Comet Chury

13. January 2003, 
Comet Wirtanen
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The first Selfie:
25. 2. 2007

IPhone: July 2007



In June 2011 Rosetta was put into 
hibernation

And on January 20,2014 
….
Rosetta woke up



19:19 CET

http://i1-news.softpedia-static.com/images/news2/ESA-Control-Room-Reacts-to-First-Rosetta-Signal-Photo-419295-2.jpg?1390320160


Date: 06 August 2014
Satellite: Rosetta
Depicts: Comet 67P/Churyumov-Gerasimenko
Copyright: ESA/Rosetta/NAVCAM 

Model 

……………and reality

67P / Churyumov-Gerasimenko



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

Chury – the rubber duck



The Rosetta mission
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Date: 06 August 2014
Satellite: Rosetta
Depicts: Comet 67P/Churyumov-
Gerasimenko
Copyright: ESA/Rosetta/NAVCAM 

Portrait of 67P
Longest dimension 4.1km
Rotation period 12.4 (12.0)h
Orbital period: 6.5 y
Perihelion distance 1.25AU
Rotation axis tilt: 68°
Density 0.5 g/cm3 

Porosity: 75%, homogeneous
Low reflectance (5%)

F. Capaccioni et al. Science 2015;347:aaa0628



C-G is made out of two pieces which gently collided. 

Credit: ESA/Rosetta/MPS for OSIRIS Team 
MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA; M. Massironi

et al. (2015)
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North

South

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



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

The first shadow of a spacecraft



A close look at 67P’s neutral 
heterogeneous coma

Total density (ROSINA-COPS)

Neutral water (top) and CO2 outgassing 
measured by VIRTIS (Fougère et al., 2016, 
data from Migliorini et al., 2016)



Total outgassing rate

Hansen et al., 2016, MNRAS



J.-B. Vincent et al.; Summer fireworks on comet 67P, MNRAS 462, 2016



High CO2/H2O ratios during
short spikes, much more
pronounced after July 20. This 
means the gas cone is still 
narrow 260 km from nucleus
(<30°) .
Locations (lat/long) are
repetitive and some of them
match the OSIRIS outbursts seen
around this time. This makes it
very likely that these CO2 gas 
spikes are coming from the
outburst locations seen by Osiris
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Davidsson et al., 2016 Mottola et al., 2015 Bibring et al., 2015 Langevin et al., 2016 Bentley et al., 2016 Mannel et al., 2016 Fulle et al., 2016





• Starting conditions
• Chemistry
• Physical conditions (d, T, t)

Evolution of the material

Interstellar 
medium

Star forming region

Protoplanetary
nebula

Solar system

Evolution of life



Deuterated species

Comet 67 P/C-G Molecular clouds

D/H ~5.3 10-4 in H2O D/H ~ 8 10-4 – 10-2

in H2O
D2O / HDO ~1 % 1.2 %

• Water is inherited from the presolar cloud

• The big variability of D/H in comets points to the fact that they
were formed over a large region, that the comet families (Oort
cloud, Kuiper belt, etc.)  were not formed separately, but just have
a dynamically different history

• The Earth did not get the bulk of its water from comets



Silicon isotopes (Rubin et al., A&A, 2017)

Nitrogen isotopes

NO, NH3, N2

CN, NH2

Sulphur isotopes
Calmonte et al., 2017



Supernovae AGB stars Neutron star mergers

Xenon: 9 isotopes, different star formation processes



The Xenon paradox
• Xe in Earth’s atmosphere elementally depleted relative to lighter noble 

gases (eg Kr)

• Heavy Xe isotopes enriched relative to the light ones (3.5 %/u) relative to 
solar wind Xe (representing the protosolar nebula) or to meteoritic Xe



After correction for isotope (mass-
dependent) fractionation and for contribution 
of radioactivity through time, atmospheric
xenon does not match solar wind Xe (nor
meteoritic Xe)

Requires a non-solar composition, labelled
U-Xe by Pepin and Phinney (1978)

• U-Xe is near-solar for 124-130Xe, but 
depleted in heavy isotopes eg 134Xe and 
136Xe

• U-Xe has never been identified in solar
system material (from the inner solar
system, eg meteorites)

U-Xe : the elusive progenitor of atmospheric xenon

Pepin and Phinney (1978)



Rosina's double focusing mass 
spectrometer (DFMS) on board of 

the Rosetta spacecraft

Comets as a source of U-Xe in the Earth’s atmosphere

Terrestrial atmosphere contains 22±5 % cometary xenon

Meteoritic Xe



Several indications for a non-homogeneized
protoplanetary disk

14.02.2018 2

• Xenon isotopic ratios are non solar
• Silicon isotopic ratios are non-solar
• Nitrogen isotopic ratios are non-solar
• Sulfur isotopic ratios differ among molecules, but the bulk is 

non-solar.
• Very high (D2O/HDO) vs. (HDO/H2O) ratio of 17, compatible 

with direct heritage of water ice from presolar disk
• Presence of very volatile S2 requires presolar ice
• Good correlation of O2 with H2O requires presolar ice

Mixing in the protosolar / 
protoplanetary nebula was 

inefficient at the location of comet 
formation or C-G is an alien 



Sulfuric acid
Water

Carbon monoxide

Methan

Ammonia

Methanol

Sulphur dioxide
Carbondisulphide

Cyanic acid

“The perfume of 67P/C-G is quite strong, with the odour of rotten eggs 
(hydrogen sulphide), horse stable (ammonia), and the pungent, 
suffocating odour of formaldehyde. This is mixed with the faint, bitter, 
almond-like aroma of hydrogen cyanide. Add some whiff of alcohol 
(methanol) to this mixture, paired with the vinegar-like aroma of 
sulphur dioxide and a hint of the sweet aromatic scent of carbon 
disulphide, and you arrive at the ‘perfume’ of our comet.”

Formaldehyde







Hydrocarbons in comets

• Long carbon chains seen in the volatile part (ROSINA)
• Macromolecules (C-H) seen in the dust (COSIMA)
• Carbon signature seen on the surface (VIRTIS)
• Polyaromatic hydrocarbons detected in the volatile coma (benzene, 
naphthalene,..) (ROSINA)

Complex organics
• seen by ROSINA in the coma and by COSAC & Ptolemy on ground
• More complex than anticipated, up to mass >140 Da, > 10 C’s
• Large amount and diversity
• Prebiotic molecules including glycine (amino acid)



Did comets deliver material to the Earth and if so, how much?
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fraction of cometary water 

Mass Earth 1024 kg
Surface water 1021 kg
Delivered by comets 1019 kg
Organics delivered by 1017 kg
comets (volatile and semivolatile)
Organics from refractories >1018 kg



http://www.google.ch/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjqvs_nzKzLAhVLVxQKHcUxBbMQjRwIBw&url=https://plus.google.com/u/0/117965300229388213160&psig=AFQjCNFLlHjVx_Tnuoev92TN01fnggUDJg&ust=1457372241680388


Rosetta results contribute to the understanding of how
comets work

Illumination driven
activity Coma heterogeneity

Activity rel. to heliocentric distance

Extended sources (dust –
ice)

Outbursts driven by very volatiles

Outbursts from landslides..

Understanding solar wind-comet interaction

Sputtering by solar wind



Interstellar 
medium

Star forming 
region

Protoplanetary 
nebula

Solar 
system

Evolution of 
life

CO, Ar, 
CH4

…and how the solar system formed



Even the most beautiful story has
an end…



Mass spectrum, ROSINA/DFMS, Sep 5, 2016, 2 km above 67P
Dedicated to Roger Bonnet

Happy Birthday!





A very dynamical coma 
seen in the plasma

Comparison of plasma and neutral gas
(Edberg et al., 2015)

Plasma waves: the singing comet
Richter et al., 2016

Diamagnetic cavity
C. Goetz et al., 2016



June 15

Sept 15

May 16

September 2015 and May 2016, 29 out of 34 reported dust outburst locations are close to 
active gas emitters, while in April 2015 only 8 and in June 2015 15 locations match.

Kramer et al., MNRAS 2017
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