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… and, what to use the data for….



In-situ measurement of the optical 
properties of cometary dust particles

Langevin 2017

3.2 Information on the binding forces from the deceleration forces. 
 
It is possible to calculate the binding forces between the agglomerate’s elements by 
estimating the inertial forces due to deceleration. To this respect COSIMA can be regarded 
as an “impact experiment in space” (Fig. 4). 

 

 

 

Fig. 4: An impact fragmentation experiment in space.  
 

 

Take one of the constituent elements “c” at the periphery of the dust agglomerate. It is bound 
to the agglomerate and for the moment we assume that the binding force is proportional to 
the element’s equivalent sphere diameter: 

 

ௗܨ = ܥ ή ݀   .            (3) 
   
To break it off the agglomerate during impact, the force caused by the deceleration from 
speed ݒ  to zero, within the stopping length  ݏ  , has to be larger than the binding force:  

 

ௗܨ = ݉ ή ௩
మ

ଶ௦ = గௗయ
 ή ߩ ή ௩

మ

ଶ௦    >  ௗ .                                                                            (4)ܨ 

 

The typical stopping length  ݏ  is known from the surface structure of the collection substrate 
(porous gold, see Hornung et al., 2014) which has a typical roughness in the order of 10 ݉ߤ, 
see Fig. 5. We take this value as an upper limit for  ݏ . We also take the size dependence of 
the mass density from Eq.(2) which should also hold for the density ߩ of the individual 
elements.  

For the force constant ܥ in Eq. (3) we start with an estimate, derived from van der Waals 
interaction of spherical elements: ܥ = 

ଶସήమ ǡ ܦ  ൎ 0.4 ݊݉   with the Hamaker constant of dry 

minerals under vacuum conditions: ܣ ൎ 10ିଵଽ ܬ, leading to  ܥ ൎ 2.6 ή 10ିଶ ܰ/݉  (cf. 
Israelachvili, 2011). 
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Hornung et al. 2016

 
Fig. 3: Energy density ߪௗ in dependence on impact speed ݒ for various mass densities  ߩ   
of the impacting dust particle together with the possible location of some particles of Fig. 2.   

a: catastrophic breakup, Nilda, 

b: big compact particle, Lambert,  

c: simple breakup into few pieces, Pertti, 

d: small compact particle, Pecine. 

Left pointing arrows: Position in diagram is an upper bound for strength; right pointing 
arrows: Position in diagram is a lower bound for strength. 

 

 

The energy density argument used above, leads to the following approximate constraints for 
particle strength: 

i) Catastrophic breakup, e.g. Nilda. Its position (a) is indicated for the estimated speed and 
mass densities from Eq. (2). For fragmenting particles such as Nilda, the energy density 
value gives an upper bound for the strength, which for Nilda is ~1000 Pa.  

ii) The simple breakup events show similarities with the catastrophic breakup events. The 
main difference is, that the incoming dust has a smaller size (by a factor of 4 for the 
examples of Fig. 2a), and hence a higher mass density (Eq. 2). Breakup results in only a few 
fragments. The resulting position of 2CF Pertti in Fig. 3 (c) indicates that the upper bound for 
its strength should be slightly higher than 1000 Pa.  

iii) For the case of no breakup, strength has to be higher than the energy density value. Fig. 
3 shows the corresponding position of 1CF Pecine (d) at about 2000 Pa. The radius of 
Pecine (about 20 ݉ߤ) is already down to the size of typical elements within larger dust 
particles (and also of their fragments upon impact) such that its integrity appears logical. 
Much higher impact speeds would be needed to further break up these small particles. The 
position of non-fragmenting large particle 2CF Lambert (b) is slightly above 1000 Pa. 

iv) When there is “shedding from a stronger central core”, this indicates that the particle 
might not be homogeneous in strength (e.g. Jean-Baptiste, Fig. 2b-10 or Jessica Fig. 2b-7). 
From the size of the fragments in its neighbourhood, one would assume a loose outer part 
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Strength of cometary particles

Fluxes and size distribution

Merouane 2017

Dust particle morphology and flux
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Superposition of all the particles collected
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Figure 5. image of target 3D0 with LED M in log scale at 
the end of the collection period without correcting for the 
electronic spill-over (Fig. 5.a) and after correction with a 
single profile subtracted to each column (Fig. 5.b). The 
profile was evaluated from the calibration strip at the right 
edge. The target assembly on the left of the target provides 
the highly saturated signals responsible for the electronic 
spill-over. After correction, the image quality in the central 
strip becomes similar to that with LED P (Fig. 5.c).  A 
genuine enhancement of the signal can be readily observed 
on Fig. 5.b, initiating near the middle of the left edge with a 
level of ~ 20 DN, then slanting slightly up of center. The 
two large particles providing clues about the additional 
contribution at bottom right are identified in Fig. 5.c. The 
lower part of the shadow of 3D0/Kerttu with LED M was 
masked by the electronic glare before correction (Fig. 5.a) 
while it shows up after correction (Fig. 5.b).  !!
As can be seen on Fig. 5, the situation is not symmetrical, 
as the right edge of the image is occupied by the calibration 
strip (see Fig. 1), which is covered with gold black, hence it 
does not saturate when LED P is switched on and there is 
no electronic glare similar to that observed with LED M.  !!
2.2.2 Stray light contribution !
An additional contribution most prominent at bottom right 
with LED P for targets in the “3” positions (Fig. 3.b and 
Fig. 3.d) cannot be attributed to the emission pattern of the 
LED, as the light distribution is significantly different when 
a target at another position is imaged (e.g. 1D2, Fig. 3f). 
The characteristics of this contribution provide constrains 
on its origin. In particular, it scales with the integration time 
(contrary to the electronic spillover), hence it corresponds 
to an actual signal (photons reaching the detector + dark 
current).  

"  !
Figure 6: shadows of large compact particles with LED P 
on target 3D0; Fig. 5.a: vertical profile across the shadow 
of 3D0/Nick; A constant level of ~ 3 DN is observed over 
170 µm. Fig. 5.b: image of 3D0/Nick with LED P on a log 
scale. The near shadow is narrower than the particle, then 
becomes wider, which shows that 3D0/Nick is not in 
contact with the target over its full area, with parts of the 
particle in overhang. The backside of the particles are 
weakly illuminated (arrows) by photons not coming directly 
from LED P. Fig. 5.c: vertical profile across the shadow of 
3D0/Kerttu, which is in contact with the target over a larger 
fraction of its size than 3D0/Nick, as the shadow is larger 
close to the particle. The central area is flat, but at a higher 
level (12 DN) than for 3D0/Nick; Fig. 5.d: image of 3D0/
Kerttu with LED P on a log scale.  !
The first major clue comes from the observation of shadows 
of the two largest particles on target 3D0 (Fig. 6). As shown 
on Fig. 5.c, one of these two particles (3D0/Kerttu) lies 
inside and the other (3D0/Nick) outside the region with 
enhanced signal. Both exhibit a flat umbra (no photons 
coming directly from LED P). The signal levels for Nick 
are ~ 3 DN in the umbra and ~ 19 DN out of the shadow 
(Fig. 6.a). Dark current subtraction could have played a 
role, as the LED P image is acquired later than the dark 
image, hence the detector could have been warmer. This 
can be ruled out as the dark subtracted level is very close to 
0 in the top left corner of the detector (Fig. 7.a), as expected 
for this area which lies out of the FOV defined by a circular 
entry hole. For 3D0/Kerttu, the contrast of the shadow 
drops to 62.5% (12 DN / 32 DN, Fig. 6.c) for LED P.  The 
nearly circular boundary of the region with enhanced signal 
seemed to support a source of additional photons coming 
from LED P after one or several specular reflections (or 
scattering events) and situated in the direction of the bottom 
right corner of the target. This can also be ruled out as at a 
level of 12 DN (Kerttu), a secondary shadow would then be 
readily identified in the direction opposite to the source on 
an image in log scale, which is not the case (Fig. 5d. There 
is evidence for a non-directional contribution generating a 
weak “particle shine” on the back-side of Nick with LED P 
(~ 13 DN, Fig. 5.b). This evidence is even stronger for 
Kerttu with LED M (Fig. 7.b and Fig. 7.c) where a 

light-curves and images of particles 
in optical microscope



Hilchenbach, Engrand et al. 2016, 
Schulz et al. 2016

Dust particle composition

Scan across the particle 
David 

Ca/Fe and Al/Fe 
matching CI chondrites 
  
Ca/Fe and Al/Fe 
comparable to CAIs

Paquette et al. 2016

Elemental Particle 
Composition

Alina and Nicolas contain only Na, Si, and Fe. Boris, Donia,
Felix, François, Hanna, and Johannes contain Na, Mg, Si, and
Fe, with additional Ca for Donia. Anais and Kathrin are outliers

—Anais contains Na, Mg, Si, and Ca (no Fe), Kathrin contains
Na, Mg, Al, Si, Ca, Mn, and Fe.
For all particles, the Na/Fe ratio is enriched with regard to

CI by a factor from ∼1.5 to ∼15. Na is correlated to Mg and Fe,
but not to Si. The host phase of Na is still unidentified, but our
results do not support Na being present in 67P in the form of a
silicate. For Mg-bearing particles, the Mg/Fe elemental ratio
varies between ∼0.2 and ∼0.5. These particles could contain
typical silicates like olivine and pyroxenes, as well as iron
sulfides. The systematic overabundance of Fe with regard to CI
abundance (Mg/Fe (CI)= 1.18) may be explained by a larger
abundance of iron sulfides in 67P than in CI material. This is
particularly clear for Alina and Nicolas, which do not contain
Mg, and could be dominated by iron sulfides. On the other
hand, Anais contains no Fe, has an atomic Ca/Mg ratio ∼2 and
could be made of Mg and Ca-rich silicates. Kathrin shows a
complex composition, with both Al and Ca enrichment, as well
as extreme Mn/Fe ratio (Mn/Fe∼ 70× CI). This particle
could contain refractory compounds explaining the elevated
atomic ratios Ca/Mg∼ 0.5 and Al/Mg∼ 2.5. The Mn enrich-
ment could possibly be explained by the presence of
Brownleeite (MnSi), a mineral recently discovered in an
interplanetary dust particle (IDP) of possible cometary origin
(Nakamura-Messenger et al. 2010).
The organic ion mass peak at m/z= 228.25 u correlates with

the mass peaks at m/z= 18.04 u, 30.04 u, 44.05 u, 58.07 u,
113.11 u, 155.15 u, 182.19 u, 214.24 u, 228.25 u, 242.27 u, and

Figure 3. Optical images and time-of-flight secondary ion mass spectrometry (TOF-SIMS) spectra and distribution images of particle Donia. (a) Images taken before
and after two TOF-SIMS analyses applying high electric fields perpendicular to the target. Top left image shows the particle after collection, middle one after the first
and the bottom one after the second measurement sequence. Particle Donia lost elevated parts as a consequence of the TOF-SIMS analysis as indicated by the length of
the particle cast shadows. The panels to the right show the footprints of the two sequential SIMS matrix scans. (b) TOF-SIMS mass spectra of the particle and of the
Au-target are shown in the lower left panels. (c) Color coded elemental x–y maps derived from the TOF-SIMS spectra for Na+, Mg+, and Fe+, as well as m/
z = 73.05 u (PDMS), Au+, and m/z = 228.25 u.

Figure 4. Relative elemental abundance, normalized to Fe and CI abundance.
Na and Si are enriched in all particles and Al and Mn for one particle, Kathrin,
compared to CI elemental abundance (Lodders 2010). Mg is depleted in all
particles. The error stated refers to 95% confidence level for the statistical error,
30% assumed systematic error of TOF-SIMS calibration, and takes into
account the uncertainty related to the relative sensitivity factors used for
quantification (Krüger et al. 2015). For comparison, the Stardust results from
comet 81P/Wild cometary particle analysis are shown (Ishii et al. 2008;
Lanzirotti et al. 2008; Leroux et al. 2008; Stephan 2008; Stephan et al. 2008;
Brownlee 2014).
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