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The ultimate goal of 
Rosetta: 
 
Decipher the origin of the 
solar system, the Earth and 
life by studying a comet 

From the coma and nucleus to deciphering the Rosetta stone 

…..starting from the chemical composition 



…..starting from the chemical composition 

Let each species tell its own tale 



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

Evolution of the material 

Interstellar medium 

Star forming region 

Protoplanetary nebula 

Solar system 

Evolution of life 



DPU 
Digital data 
processing unit, fully 
redundant 
2.2 kg, 5 W 

DFMS 
Doubled focussing  

mass spectrometer  
for the volatile material  
Very high mass resolution (e. 
g. resolves 13C and CH) 
16 kg, 22W 

RTOF 
Reflectron Type time-of-flight- 
mass spectrometer;  
Very high mass range and 
sensitivity in order to identify 
organic material (e.g. polyaromatic 
hydrocarbons) 15 kg, 30W 

COPS 
Pressure sensor to measure 
the total and the ram pressure in 
order to derive the gas dynamics, 
safety instrument for Rosetta.  
1.7 kg, 7 W 

COPS-FS (NG, left filament)
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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) 
 
 



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 



A visit to the zoo 
 
 



ROSETTA Zoo 



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 

[D2O/HDO] / [HDO/H2O]  ~17 
In thermal equilibrium this ratio  
has to be 0.25 



Nitrogen 
Oxygen 
Hydrogenperoxyd 
Carbon monoxide 
Carbon dioxide 

ROSETTA Zoo 
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The presence of highly volatile species tells us 

• That comets were never warm 

• That comets cannot have been part of a big object (heating by 
radioactivity) 

• That comets formed around 25 K (-250°C) 

• O2 is very puzzling, as it is very reactive. It is very well correlated to water 
and cannot be formed in the protosolar cloud. Therefore, it’s inherited as part 
of the water ice from the presolar cloud. 

 

 

 

•Other explanations for O2 involve a lot of H2O2, 4 orders of 
magnitude higher than what is measured or plasma (ionized pickup 
water), which is also 4 orders of magnitude off (not to be discussed 
Here and Now) 



Nitrogen 
Oxygen 
Hydrogenperoxyd 
Carbon monoxide 
Carbon dioxide 

HF 
HCl 
HBr 
P 

Acetylene 
HCN 
Acetonitril 
Formaldehyde 
 

 
 
 
 

Na, Si, K 

ROSETTA Zoo 
 
 
 

Cyanogen 
(C2N2) 
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Cometary ice contains simple molecules, which have 
formed in the gas phase. 

The refractory part (dust) is made out of Magnesium, Silicon, 
Iron, etc. 

• True, but…. 

What’s the composition of a comet? 

Before Rosetta, we thought that…. 

• True, but…. 



Silicon isotopes of 67P – Indication of a heterogeneous 
protosolar nebula 

Highlight in Astron. & Astrophysics 
Evidence for depletion of heavy silicon 
isotopes at comet 67P/Churyumov-
Gerasimenko, Rubin et al., April 2017 



Nitrogen 
Oxygen 
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Hydrogensulfide 
Carbonylsulfide 
Sulfur monoxide 
Sulfur dioxide 
Carbon disulfide 
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Na, Si, K 

ROSETTA Zoo 
 
 
 

Cyanogen 
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Sulphur inventory of comets 

• Interstellar material contains sulphur in cosmic abundance while presolar 
clouds are mysteriously depleted in sulphur. 
• Comets contain species which can only be formed on dust grains (e.g. 
S2, S3, S4…). 
• They must have been inherited from the presolar cloud. Therefore, most 
sulphur in presolar clouds is on grains which explains the apparent depletion 
(bias in observation). 
• S2 is very volatile and easily destroyed in the gas phase by  UV. This 
means it must have survived the formation of the solar system in the ice. 
• Some ice is directly inherited from our native cloud. 



 
 
 
Benzene 
Toluene 
Xylene 
Benzoic acid 
Naphthalene 

Nitrogen 
Oxygen 
Hydrogenperoxyd 
Carbon monoxide 
Carbon dioxide 

Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 

Macromolecules 

Formic acid 
Acetic acid 

Acetaldehyde 
Ethylenglycol 

Propylenglycol 
Butanamide 

Methane 
Ethane 
Propane 
Butane 
Pentane 
Hexane 
Heptane 

HF 
HCl 
HBr 
P 

Acetylene 
HCN 
Acetonitril 
Formaldehyde 
 

Hydrogensulfide 
Carbonylsulfide 
Sulfur monoxide 
Sulfur dioxide 
Carbon disulfide 
 

S2 
S3 
S4  
Methanethiole (CH3SH) 

Ethanethiol (C2H5SH) 
Thioformaldehyde 
(CH2S) 

 
 
 
 

Na, Si, K 

ROSETTA Zoo 
 
 
 

Cyanogen 
(C2N2) 

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI_ZipCw3ccCFcPbGgodFvMISA&url=https://commons.wikimedia.org/wiki/File:Naphthalene-3D-balls.png&psig=AFQjCNHQ5run65kDnNWcNtMnhLqAzc8Nbg&ust=1441455974130808
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLWTgMuw3ccCFULSGgodnGIEtg&url=http://cazort.blogspot.com/2012/07/nitrogen-fixing-plants-to-fertilize-tea.html&psig=AFQjCNFv_gazTSfP8RqBtBsGOoFyFH0p4g&ust=1441456090573821
http://www.kristallfiguren.com/KristallfigurenAngebote.html
http://www.dreamstime.com/stock-image-giraffe-mother-baby-image9749061
https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIzd1Zey3ccCFUc6Ggod3OAC-Q&url=https://commons.wikimedia.org/wiki/File:Heptane-3D-balls-B.png&psig=AFQjCNHnMTyFH_s5IOuVl0yOrMWRuKrZUw&ust=1441456533914509


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 and by COSAC & Ptolemy on the lander 
• More complex than anticipated 
• Large amount and diversity 
• Prebiotic molecules 
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Comets do not contain life 
 

but 
Comets could have started the processes which 

finally made life possible 
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Did comets bring the Earth atmosphere  
(and as a consequence organic material)? 
 
The answer is given by the noble gases of 67P 

• The abundance of argon ( 36Ar and 38Ar) of 67P is compatible with a 
delivery of the terrestrial atmosphere by comets (late heavy bombardment) 
without changing the D/H in water. 
• Xenon isotopes are the clues to a quantitative assessment of how much 
material was delivered by comets to the Earth (see next issue of “Science” 
(June 9, 2017), under embargo  
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Interstellar medium 
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CO, Ar, 
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Rosetta has more than 
achieved its goals 

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

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 TOTAL 

24 19 39 61 29 22 42 27 55 31 54 153 176 >50 >782 

Number of publications 



Next steps 

• Analyze the remaining 90% of data! 
• Start planning the next cometary mission(s): 

• Visit another comet with a low D/H (e.g. Hartley 2) for 
comparison to study its volatile composition in situ (ESA 
M-mission) 

• Visit a main belt comet (ESA M-mission) 
• Visit a comet with a landing device (e.g. CHopper-

mission: land and hop and dig) (ESA M-mission or NASA 
discovery mission class, needs RTG’s) 

• Bring back a refractory sample (NASA New frontier 
mission class, under study) 

• Bring back a cryogenic (<80K?) sample (L-mission class, 
needs substantial technical development, purpose of this 
workshop) 
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