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A glimpse of 67P from Philae

Serendipity measurements while Philae was bouncing at the surface of 67P
PTOLEMY

COSAC





-(CH2O)n- HO H
paraformaldehyde or polyoxymethylene

CH3-CO-O CO-CH3
polyoxymethylene diacetate

- 2 n-(CH O)

-(CH2O)n-CH3O CH3
polyoxymethylene dimethylether

POM  already suggested to 
interpret Giotto data at comet 

1P/Halley (Huebner, 1987)

Presence of POM could be 
responsible of the distributed 
H2CO in Halley et Hale-Bopp 

(Cottin et al, 2004 / Fray et al, 
2006)





A signature of organic 
chemistry  in ice phase 

(interstellar cloud / 
protosolar nebula) 
found by COSAC ?



Interpretation of the mass spectrum still debated…
(see Altweg et al., 2017 & Leseigneur et al., 2022)



Rosetta Orbiter Spectrometer for 
Ion and Neutral Analysis

ROSINA 

DFMS (Double Focusing Magnetic Mass Spectrometer)

Detections in the gaseous phase: large 
diversity but how much in abundance ?



Altwegg, K. et al. Prebiotic chemicals—amino acid and phosphorus—in the coma of comet 67P/Churyumov-Gerasimenko. Science 
Advances 2, doi:10.1126/sciadv.1600285 (2016). 17





Distributed Glycine



Elsila, J. E., Glavin, D. P., and Dworkin, J. P., 
2009. Cometary Glycine Detected in 
Samples Returned by Stardust. Meteoritic 
and Planetary Science 44, 1323-1330  
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Detections in the gaseous phase

=> Rubin et al., MNRAS 2019

+ Glycine abundance in 67P ~ 200 ppbw in water ice 
(~ 4.10-6% rel. water)

Organic molecules in the COMA < 2 % (rel. water)

=> Hadraoui et al., 2019, A&A



NH4
+Cl- (ammoniun chloride), NH4

+CN- (ammonium 
cyanide), NH4

+OCN- (ammonium cyanate), 
NH4

+HCOO- (ammonium formate) et NH4
+CH3COO- 

(ammonium acetate).

Altwegg et al. 2020



Hänni et al. 2022

No POM, no HMT…



COSIMA  : COmetary Secondary Ion Mass Analyzer

Incoming
dust

Mass: 19.9 kg
Volume (Lxlxh):  986 x 356 x362 mm3

Capture

 72 targets available
 Au, Ag, Pt, Pd (plain and blacks)

Observations 
in the 

refractory 
phase



COSIMA  : COmetary Secondary Ion Mass Analyzer

Incoming
dust

Mass: 19.9 kg
Volume (Lxlxh):  986 x 356 x362 mm3

Image

 Resolution of COSISCOPE : 14 µm/pixels

Observations 
in the 

refractory 
phase



COSIMA  : COmetary Secondary Ion Mass Analyzer

Incoming
dust

Analyse

 Both positive and negative mode: target at ground & extractor at +/- 3 kV
 Footprint of the pulsed ion beam: 35 × 50 µm²
 Each pulse lasts less than 3 ns 
 With about 1000 115In+ ions with an energy of 8 keV 

Observations 
in the 

refractory 
phase
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Observations 
in the 

refractory 
phase



12 / 05 / 2015

Velocity of the dust particles rel. 
to the spacecraft  < 10 m.s-1

Rotundi et al. 2015

Observations 
in the 

refractory 
phase



Fray et al, Nature, 2016



Fray et al, Nature, 2016

Detection of high molecular weight organic compounds (HMWOC) in 67P dust particles

Red: on particle
Black: off particle

Observations 
in the 

refractory 
phase



Le Roy et al., PSS, 2015
(Calibration work : 2004-2014… and still ongoing)

CxHy pattern 

M+H peak

Something with a name, a formula with a begining and an end…
Something we actually understand…

It’s not



H2O : CH3OH : NH3 (10 : 2 : 1) + hn

It’s not Something something similar to organic residues synthesized from ice 
mixtures processing (at least at « standard » doses). 



Fray et al, Nature, 2016

Detection of high molecular weight organic compounds (HMWOC) in 67P dust particles

Red: on particle
Black: off particle

Observations 
in the 

refractory 
phase
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16
Solid Phase

IOM like 
material

From Derenne & Robert, MPS, 2010

It displays similarities with

Carbon (grey), hydrogen (white) and oxygen (red)

50 Angstroms

How much ?



How much ?



C/Si = 5.5 (+1.4/−1.2)

Solar value : 7.19 ± 0.83



67P dust particles : N/C = 0.035 ± 0.01

Solar value: 0.3 ± 0.1
(remaining N in salts sublimating before COSIMA analysis ? ) 



H/C = 1.040 ± 0.16



D/H = (1.57 ± 0.54) x 10-3

Inheritance from the presolar molecular cloud?

High averaged value suggests that refractory carbonaceous 
matter in comet 67P is less processed than the most 
primitive insoluble organic matter (IOM) in meteorites, 
which has a D/H ratio in the range of about 1
to 7 × 10−4. 



Paquette et al., 2021

67P Vs Kerogens & IOMs

CM, CR, CI (and 
more…) 

IOM

67P

HMWOC in 67P are less 
heat /radiations 
evolved organic 

material than IOMs and 
kerogens



D/H = (1.57 ± 0.54) x 10-3

H/C = 1.040 ± 0.16

 N/C = 0.035 ± 0.01

C/Si = 5.5 (+1.4/−1.2)

© Bousige et al.

High Molecular Weight Organic Component
  HMWOC



Disclaimer 1

Dust particles composition measured by COSIMA is assumed 
to be representative of the refractory component of the 
nucleus of 67P



With H/C = 1
S, Ni, … = Solar

Bardyn et al. MNRAS, 2017

Quantification of carbon and HMWC in 67P dust particles

With dmin=3 & dorg=1
With H, C, N, and some O in organic
Remaining in mineral (max O in mineral set at SiO4)

Organic
45%Mineral

55%

Abundance in Mass

Organic
70%

Mineral
30%

Abundance in volume

Levasseur Regourd et al., SSR, 2018



Volatile RefractoryConnecting the dots…
the Organic Mix in 67P

Salts



Volatiles : a lot !
ROSINA

First steps of 
complexity

COSAC/PTOLEMY
ROSINA

Photochemistry
Radiolysis

Concluding remarks : the Organic Mix Goesmann et al., Science 2015



Volatiles : a lot !
ROSINA

First steps of 
complexity

COSAC/PTOLEMY
ROSINA

Photochemistry
Radiolysis

???
COSIMA

COSIMA
HMWC

Photochemistry
Radiolysis

Heat

Photochemistry
Radiolysis

Heat

?Is there an equivalent of SOM found in 
carbonaceous chondrites  ?

Concluding remarks : the Organic Mix



Disclaimer 2

Others molecules (smaller ones but yet refractory) might 
not have been detected by COSIMA either because:
1. They are below the detection limit of the instrument
2. They are not there 

Hereafter we assume 2. (or detection limit is very low)



Volatiles : a lot !
ROSINA

First steps of 
complexity

COSAC/PTOLEMY
ROSINA

Photochemistry
Radiolysis

COSIMA
HMWC

Independent 
Sources 

Solar nebula chemistry ?
Interstellar chemistry ?

Solar nebula chemistry ?
Interstellar chemistry ?

Concluding remarks : the Organic Mix



Biver et al., ACS Earth and Space Chemistry, 2019

Organic molecules in the COMA :
~ 5% or less rel. to water Inventory 

based on 
remote 

detections 
from Earth

Organic molecules detected in comets



Composition of comet 67P

Dust = 45% organic in mass
Gas = 5% CO2, 3% CO, 3% O2, 2% 

others (CH3OH,…)
Dust/Ice in mass = 3

Cottin et al., in prep

For D/I see Choukroun et al., 2019

~200 ppbw 
rel. to water ice

The distributed disturbed lion 
glycine…



Disclaimer 3

All comets are not necessarily born equal in composition 
(although they may have the same rights) 

At which extent conclusions from 67P can be generalized 
to all comets ? (cf. Wild 2)



Conclusions

 Comets like 67P are an important reservoir of carbon and organic matter in the Solar System. 
 The refractory organic phase in particles of comet 67P is dominated by a high molecular weight 

organic component (HMWOC) . This could be the parent material for IOM seen in chondrites.
 Most of the carbon of the comet is stored in the nucleus under this “complex” form.
 Glycine & other “so called” prebiotic compounds abundances are extremely low: is there enough 

readily available “prebiotic” ingredients ? 
 The relevance for astrobiology of the cometary HMWOC has to be investigated 
 Is there something missing in the whole picture ? 

=> Recent detection of equivalent of Soluble Organic Matter from Chondritic Meterorites



The rare meat

Salts

Well done HMW organics

Cooking energy:
Heat or radiations

Concluding remarks : the Organic Mix
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