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1)  Dust ejecta clouds 
2)  LADEE / LDEX 
3)  Regolith reference surfaces 
4)  In orbit exploration  

DEVELOPMENT OF REGOLITH REFERENCE SURFACES 
FOR LABORATORY STUDIES 

UDIES.  
 
 

  



3 Research and Management Plan
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Figure 3.27: Schematic diagram of the laboratory gas target design. Particles arrive from the main beamline
(10�7 torr), and pass through two differential pumping sections. The gas impact chamber will be kept at a
pressure such that the particles completely ablate (< 1 torr).

section of the trajectory path. The set of four fibers will be coupled to the entrance slit of an
imaging spectrometer (Kaiser Optical Holospec f/1.8i), based on a high-throughput holographic
transmission grating. The output of the imaging spectrometer is a 2-D image containing all four
spectra, stacked vertically in the output image plane. The spectral image will be recorded with a
gated, intensified CCD camera (Princeton Instruments PI-Max), using a high quantum-efficiency
(QE) intensifier. The combination of high-throughput spectrometer and high QE intensified camera
will maximize the signal-to-noise in the spectra. The complete optical system (including front-end
lens system) will be absolutely calibrated with an integrating sphere (e.g. LabSphere or equivalent),
providing an absolute intensity calibration.

3.3.3.4 Development of Regolith Reference Surfaces Experimental studies of the in-
teraction of the lunar regolith with the environment (e.g. experiments on charging (Horányi et al.,
1995; Sternovsky et al., 2002), dust transport (Colwell et al., 2005), dust levitation (Sickafoose
et al., 2002), or adhesion (Hartzell and Scheeres, 2011)) have been almost exclusively based on
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Figure 3.28: Left: Size distributions of commercially available glass sphere samples from 0.25 µm to 100 µm.
Right: IMPACT will mix these samples to produce “standard surfaces” with a well-defined size distribution.
As an example we show a mixture of particles with d > 0.1µm with a power-law exponent of �3, created from
the the samples shown in the left figure.
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Left: Size distributions of commercially available glass sphere samples 
from 0.25 µm to 100 µm.  
 
Right: Mixed samples  produce “standard surfaces” with a well-defined 
size distribution 

Regolith reference surface  



Regolith reference surface  
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Figure 3.29: Left: Standardized regolith samples will be used in all initial experiments for the effects of dust
impacts, UV and plasma charging, and geotechnical properties for ISRU. The regolith samples are based on
pure silica glass spheres that are combined to match power-law size distributions and cut-off smallest sizes.
Their water content will range from pure ice, to regolith contaminated ice, to ice contaminated regolith, and
dry pure regolith. Right: Example of a silicate agglutinate fabricated by IMPACT industrial partner Zybek
Advanced Products, demonstrating the complex surface and compositional qualities attainable.

simulants (JSC-1, MLS-1), which only reproduce some aspects of the genuine regolith. The chem-
ical and mineralogical properties (including moisture and ice content), the surface roughness, the
effective surface contact area, or the effective packing fraction, for example, all might have large
effects on the results of our dust impact, dusty plasma, or ISRU related experiments. The number
of parameters that define all of the critical physical and geotechnical properties of the regolith can
be very large, which creates a complicated and potentially intractable problem to isolate and as-
sess the effects of any individual characteristic through our series of experiments. We therefore
propose to develop a family of simplified but well characterized regolith reference surfaces
using only glass spheres of defined size distributions and ice content, reducing the number of
parameters to only three (two parameters characterizing the size distribution and one parameter
describing the water content, as illustrated in Fig. 3.29). During the first two years of IMPACT ex-
periments the effects of these three parameters will be comprehensively explored, including their
response to hypervelocity dust impacts (Sec. 3.3.1), UV and plasma exposure (Sec. 3.3.2), and
geotechnical properties for ISRU potential (Sec. 3.3.2.6).

The size distribution of the IMPACT regolith reference surfaces is defined by two parameters:
the size cutoff for the smallest particles within the distribution and the exponent in the power-law
distribution. The size-distribution follows n(a) µ a�p, with exponents in the range of 1 < p < 4,
and cut-off smallest diameters in the range of 0.25 < acuto f f < 10 µm. We have performed a fea-
sibility study demonstrating that these power-law distributions and cutoff sizes are possible using
only standard, commercially available materials. As an example, Fig. 3.28 shows the individual
size distributions from various commercially available glass spheres in size ranges from 0.25µm
to 100µm (left), and the resulting power-law distribution created with an appropriate admixture
spanning up to 10µm diameter (right).

Dry mixtures will be mixed with a paddle stirrer and gently stirred for 1 minute to attain ho-
mogeneity of all sizes. A sample from the resulting mixture will be evaluated using a Mastersizer
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Standardized regolith samples can be used to study the effects of dust impacts, 
UV and plasma charging, and geotechnical properties for ISRU. The regolith 
samples are based on pure silica glass spheres that are combined to match power-
law size distributions and cut-off smallest sizes. Their water content will range from 
pure ice, to regolith contaminated ice, to ice contaminated regolith, and dry pure 
regolith.  

Parameters: 
1) min size 
2) max size 
3) size distribution 
4) ice content  
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Experimental Investigation of High-Speed Ejecta From Meteoroid Impacts 5 

 

 

Figure 2: Still video frames from pilot experiments at AVGR in 2012, showing (top) early-time 
fast/fine ejecta 615 us after impact, in contrast to coarse ejecta grains (bottom) 100 ms after 
impact.  Projectile is incident from the right onto a pumice target at 45 degrees.  The fine ejecta 
plume terminates on the PVDF sensor at left, which detects individual grains (Section 2.1).  Red 
circle shows light flashes from grains impacting on support structure, indicating multi-km/s dust. 
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Video frames from pilot experiments at AVGR in 2012, showing (top) early-
time fast/fine ejecta 615 us after impact, in contrast to coarse ejecta grains 
(bottom) 100 ms after impact. Projectile is incident from the right onto a 
pumice target at 45 degrees. The fine ejecta plume terminates on the PVDF 
sensor at left, which detects individual grains. Red circle shows light flashes 
from grains impacting on support structure, indicating multi-km/s dust.  
 



Outlook: LADEE did well ! 

LDEX discovered the lunar dust exosphere, and it provides new          
insight into the physics of ejecta production from the Moon.  The density 
and size distribution of the dust exosphere is set by the properties of the 
surface.   
 
The ejecta clouds could provide a unique opportunity to learn  
about the  composition and the geotechnical properties of the lunar surface, 
enabling resource prospecting from orbit.  
 
Laboratory experiments remain essential! 
  
 
 
 
 
 

The new generation dust instruments are ready to fly!  
 




