
Overview of dust issues in space research
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Cassini CDA time-of-flight 
(TOF) spectra of an ISD 

particle. 

Mass spectra of a pyroxene 
particle (0.5 micron @ 7 
km/s) taken by a CA  lab 

model 

CA is based on impact ionization, elemental and molecular ions are generated in the 
high velocity dust impact and analyzed in a time-of-flight (TOF) setup. 
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early solar system.

This need motivated two direct measurements of interstellar 
dust composition, leading to contradictory results. The Star-
dust mission identified seven candidate particles, with three 
returned to Earth intact in aerogel; the remaining four were ob-
served as residues left behind in their impact craters (Westphal, 

Figure D-4. An improvement in mass resolution is needed 
over current measurements to reliably separate Fe, Mg, and 
Si from other elements present. The best interstellar dust 
impact ionization mass spectra (top) to date were recorded 
by Cassini CDA (Altobelli, et al., 2016). FOSSIL’s composition 
analyzer prototype gives more than 6 times better mass reso-
lution (bottom). The reflectron optics focus ions more tightly, 
yielding better identification of the elements C and O. 
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ISD from Cassini CDA et al., 2014). Cassini measured the compositions of three dozen 
interstellar particles while orbiting Saturn (Altobelli, et al., 2016). 
The Stardust samples show a wide range of elemental com-
positions, crystal structures, and sizes (Westphal, et al., 2014), 
while the Cassini samples are all Mg-rich silicates (Figure D-4). 
These already-conflicting observations are further contradicted 
by optical starlight data indicating either: (1) separate silicate- 
and C-rich populations, (Weingartner & Draine, 2001), or (2) the 
materials are combined in individual grains (Hensley and Draine, 
2019, personal communication). Measuring how the elements 
are distributed across the population of particles is necessary 
to resolve these conflicts. 

The abundances of the refractory elements in a rare meteor-
ite type known as CI carbonaceous chondrites closely follow 
those found in the Sun’s atmosphere and are used to trace 
back to what was present early in our solar system (Lodders, 
2003). Whether the local interstellar dust population is chon-
dritic remains unknown; even ~ 10% departures from chon-
dritic content would be revealing. For example, Si/Mg and 
Fe/Mg ratios are set by the balance between their exploding 
sources: (a) massive stars and (b) white dwarfs (Johnson, 
2019, Leitner & Hoppe, 2019). Departures in these specific 
element abundances would point to a change in the stellar 
demographics of the solar neighborhood or indicate unex-
pectedly swift chemical evolution in the local ISM (Lugaro, 
2005). Deviations from chondritic elemental ratios favoring 
lower temperature condensates would imply that differen-
tial loss processes operated as our Sun and planets were 
forming. This compositional information would reveal initial 
conditions and available materials in our early solar system. 

To bring Objective 1 to closure, FOSSIL measures the com-
position and mass distribution of interstellar particles.



“Dust particles, like photons, are born at remote 
sites in space and time. From knowledge of their 
birthplace and  bulk properties, we can learn 
about the remote environment out of which the 
particles were formed.” 

 E. Grün



APOLLO ERA UNRESOLVED OBSERVATIONS
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DUST PONDS ON EROS (NEAR-Shoemaker, 2001)

NEAR / EROS 2001





MOON 

Apollo 16 Lunar Grand Prix





New physics:
Dust is many orders of magnitude heavier than ions and can carry many orders of  magnitude 
larger + or -  time dependent charge.

new spatial scales

new time scales

unusual dynamics

new waves & instabilities 

Dust charge:         

                                                                            electron and ion fluxes

                                                                            secondary and photoelectrons

                                                                            dust – dust collisions



Rao et al., 1990

Barkan et al., 1995

Dust - acoustic wave

1 cm



Dust Charging Processes

• electron and ion collection
• secondary emission
• UV induced photoelectron emission

• …….  

Total current to a grain = 0

     Σ I = Ie + Ii + Isec + Ipe = 0



1 μm radius particle @ 1 AU



UV CHARGING 

Sternovsky et al., 2008 



Dust Charge Measurements
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Photocathode

Dust dropper

Faraday cup

Anode

UV source

to electrometer

UV CHARGING 



LEVITATING DUST

Sickafoose et al., 2002



Experimental Setup
(172 nm wavelength) 



slow motion
2000 fps



Large negative charges under UV illumination!  



Wang  et al., GRL, 2016

Schwan et al., GRL, 2017

Hood  et al., GRL, 2018



Farr et al., 2022

Multiple Fixed Electron Beams 



38-45 μ Mars [UV, 0.005mTorr, 1hr]

timelapse
1  fpm

30-50 micron JSC



timelapse
       1  fpm

30-50 micron JSC



1. Dust charging can fundamentally shape the dynamics of small grains. 

2. Dust immersed in plasmas can act as sinks or sources,  altering the density,   
composition, and energy distribution of  electrons and ions. 

3. Charging of surfaces can be surprisingly complicated, leading to mobilization 
and transport. 

   There is a lot of possible overlap between space and industrial problems.

   


