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Rosetta Dust Group:
Discriminating Properties (fingerprints of 67P dust particles) and considered instruments
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Isotopic Ratios COSIMA ROSINA
• 34S/32S: 0.0463 ± 0.006

• d34S = (+41 ± 130)‰      Paquette et al. (2017)

• 18O/16O: 2.00 x 10-3 ± 1.2 x 10-4

• d18O = (-2.6 ± 60)‰      Paquette et al. (2018)

• D/H: (1.41 ± 0.12) x 10-3

• dD = (+8050 ± 800)‰      To be submitted soon

• 13C/12C: 0.0134 ± 6.1 x 10-4 

• d13C = (+136 ± 55)‰       Preliminary; TBC

• 29Si/28Si = 0.0385 ± 0.0148

• d29Si = (-242 ± 291)‰          Rubin et al., (2018)

• 30Si/29Si = 0.588 ± 0.208

• d30Si/29Si =(-108 ± 315)‰    Rubin et al., (2018)

• Other sputtered materials seen are Na, Ca, and K. 

No isotopic ratios quoted for Ca or K. Interferences masked 
24Mg, 27Al, 48Ti 

StardustMessage: we need also 
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Measuring the 13C/12C Ratio with COSIMA (Paquette, J et al. EPSC-DPS2019-1338-2, 2019) 

Isotopic Ratios COSIMA

For the olivine: 13C/12C = 0.0125 ± 2.5 x 10-3

For the spectra of cometary dust with C > CH3: 13C/12C = 0.0134 ± 6.1 x 10-4

Quoted errors are 1-sigma (but seem a bit small to me)

Step 1. Fit masses 15 and 16
Step 2. Subtract off normalized 
target contribution 

Xnet = Xsample –
(PDMSsample/PDMStarget) x Xtarget

Doing so about 57% of the 12CH3
counts and about 50% of the 
13CH3 counts are from the sample

Figs. In this case 79% of 12CH3
counts and 75% of 13CH3 counts 
are from the cometary dust
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Grain Size (Distribution) MIDAS VIRTIS

• MIDAS: Smallest features in high resolution images 90-100nm in size (Mannel et al. 2019, A&A). 
• VIRTIS: Observe superheating in outbursts, can be explained by ejection of small grains. Size assumed 

to be ~100nm (Bockelée-Morvan et al.2017, MNRAS) 
• OSIRIS phase function: “Smile” shape might indicate scattering at small features on the surface of 

large grains. 
• All indications are towards ‘a single size’, not a distribution
• Stardust
• Open questions: Are these smallest observed particles the real fundamental building blocks? Or do 

we still look at small agglomerates?

Message: smallest sizes by MIDAS fit CP IDP subunit sizes

OSIRIS
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DUST COLLECTED AT 67P BY MIDAS: FEATURES AT THE NANOMETRE SCALE
Mannel et al. 2019, A&A

MIDASGrain Size (Distribution)

Differential size distribution of MIDAS 100nm sized surface 
features follow a (log-)normal distribution.
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Rosetta and Stardust classification of dust particles (Guettler et al., 2019,A&A) 

Structure and Porosity
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Message: Rosetta and Stardust classification of dust particles
(Guettler et al., 2019, A&A) 

Structure and Porosity
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Message: Particles cover all porosities -> structure

• Scattering of dust particles: phase function and polarization
• Optical properties of the dust particles (Langevin et al., 2020,PSS) 

-> a median value of 9% for the reflectance factor of COSIMA particles, closer to that from OSIRIS (5–7%) than the initial 
evaluation (10.8% )

• Fit of the phase function with dirty cotton ball (Munoz et al. 2020, A&A) 
-> porous and non spherical

• Reproducing the linear polarization (Levasseur-Regourd et al. 2019, A&A) 
-> irregular particles with porosity 60% to 70%

• In situ measurements
• Charging of dust particles under In+ beam (Hornung, K et al. 2020,PSS) 

-> permitivity -> porosity 0.7 to 0.9
• Fluffy and compact particles on 67P nucleus (Longobardo et al., 2019, MNRAS) 

-> compact and fluffy particles are emitted contemporarily from common nucleus surface areas, later spread during the  
motion due to their different velocities. 

Structure and Porosity
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Optical properties of the dust particles (Langevin et al., 2020,PSS) 

Dust Phase FunctionStructure and Porosity

• Laboratory measurements of reflectance properties of analog materials to 
check the validity of the scattering model used to interpret COSIMA data

• Measurements on SiO2 aggregates and Tagish Lake fragments -> the model 
was validated on SiO2 aggregates; Tagish showed too large heterogeneities to 
be measured; the model was also validated on Allende powder.

Decrease of the reflectance derived by COSIMA by a factor of about 1.5

Shadowing on the 
nucleus that would 
have made it 
darker? (Vincent et 
al. 2019)

That could account 
for up to 22% of the 
darkening
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What type of dust grains can reproduce the OSIRIS phase functions and  ground-based 
observations of the degree of polarization? (Munoz et al. 2020, A&A)

Dust Phase FunctionStructure and Porosity Ground-based obs.

Conclusion: mm-sized absorbing porous particles in fixed orientation



Interpretation of phase curves within 67P inner coma through PROGRA2  experimental 
simulations (Levasseur-Regourd et al., 2019, A&A)

Dust Phase FunctionStructure and Porosity
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Charging of dust particles in-situ with COSIMA (Hilchenbach, M. et al TBS; Hornung, K. et al 2020,PSS) 

Dust ChargingStructure and Porosity

- cometary dust is a very bad conductor (specific resistivity > 1.2 % 10!"𝛺𝑚).
- the relative permittivity upper limit: 𝜀# < 1.2 sets a lower boundary for the porosity: 𝑃 > 0.8 of particles < 50𝜇𝑚.

The composition data of the dust collected by COSIMA show that it has a mineral-to-
organic ratio of ≈ 0.55/0.45 by weight (Bardyn et al. 2017) or ≈ 0.3/0.7 by volume 
assuming a density ratio mineral/organic of  ≈ 3  ( Greenberg and Li 1999).

The organic part of the investigated particles is found to have high molecular weight 
(Fray et al. 2016) and typical permittivities for such materials are 𝜀! ≈ 2 (Chanda 
2018).

Mineral values show a greater variety ranging from ≈ 4 (Silica) up to ≈8 (Olivine) and 
≈ 8.5 (Pyroxene), (e.g. Zheng et al. 2005). 
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67P dust activity before perihelion identified by GIADA and VIRTIS data fusion 
(Longobardo et al. 2019, MNRAS) 

Structure and Porosity

Conclusions:
(i) The ejection of fluffy parent and compact particles is 
correlated on the nucleus but not in the coma: the two particles 
types are emitted contemporarily from common nucleus surface 
areas, and they are later spread during the motion due to their 
different velocities. 
(ii) All cometary activity indicators identify the neck (Hapi, Seth) 
and the body (Ash, Babi, Aten) regions as the most active. 

On the VIRTIS side, we observed the change of the
3.2 μm band centre and of the spectral slope
between 1.1 and 1.9 μm, between the lowest and the
highest temperature measured from each region. The
obtained decreasing trends are related to exposition
of water ice, due to dust release.

On the GIADA side, we developed a trace back
algorithm, based on measured dust particle speeds,
outcomes of coma dust models (Ivanovski et al. 2017;
Zakharov et al. 2018) and comet rotation, to obtain
the number of fluffy and compact particles ejected
from each region.
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How comets work: nucleus erosion versus dehydration 
Fulle et al. 2020, MNRAS
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Message: A sample return mission will be the best option.

- If carbonaceous chondrites(CC) are thought to have formed where the comet were formed,  
why the former contain all water in phyllosilicates, while the latter do not contain 
phyllosilicates?

- Origin of life: comets contain organic compounds and water locked up in their mineral 
structure. Comets contain aminoacids, some of the building blocks of proteins and DNA. 

• Stardust results baised due to the impact of high velocity and loss of material
• COSIMA results biased by possible C contamination
• A future cometary sample-return mission  

Composition COSIMA Stardust
Main question: is 67P solar or chondritic ?

ROSINA
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3D+t dust modelling
Marschall, R. et al. 2019, Icarus 
A comparison of multiple Rosetta data sets and 3D model calculations of 67P/Churyumov-
Gerasimenko coma around equinox (May 2015)

Zakharov, V. V. et al. 2018, Icarus
Asymptotics for spherical particle motion in a spherically expanding flow

Skorov, Yu et al. 2018,MNRAS 
Dynamical properties and acceleration of hierarchical dust in the vicinity of comet 
67P/Churyumov-Gerasimenko

Ivanovski, S. L. et al. 2017, Icarus
Dynamics of non-spherical dust in the coma of 67P/Churyumov- Gerasimenko constrained by 
GIADA and ROSINA data.
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These observations show that 
when 67P is approaching 
perihelion, the dust activity 
cannot be understood based on 
water-driven activity alone. 

Diurnal variation of dust and 
gas production in comet 
67P/Churyumov-Gerasimenko
at the inbound equinox as seen 
by OSIRIS and VIRTIS-M on 
board Rosetta 

Diurnal Variation of Dust and Gas Production in 67P/ C-G 
Tubiana et al. 2019, A&A
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Ground-based observations
The ground-based dataset: overview and open questions (Courtesy: Colin Snodgrass)

Results so far
• Gas production – very asymmetric, 

appears to be linked with seasons
• We see CN only when southern 

hemisphere illuminated
• Phase function agrees (over region 

measured) with Rosetta result
• Total dust production smoothly varying 

and repetitive from orbit to orbit
• No significant outbursts, or obvious link 

with ‘summer fireworks’
• Maybe some change in large scale coma 

morphology? Related to late August 2015 
events? 
Moreno et al. 2017, MNRAS
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Snodgrass et al 2017, Phil.Trans.Royal Soc. A Opitom et al 2017, MNRAS

Boehnhardt et al 2016, MNRAS



Summary

D/H ratio …

IDP subunits

DNA of a Rosetta Dust Scientist
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