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Introduction: Experimental studies of the in-

teraction of the lunar regolith with the environment 
have been almost exclusively based on simulants (JSC-
1, MLS-1), which only reproduce some aspects of the 
genuine regolith. The chemical 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 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 in-
tractable problem to isolate and assess the effects of 
any individual characteristic through experiment. We 
therefore describe a family of simplified but well char-
acterized regolith reference surfaces. 

Regolith reference surfaces:  Surfaces under de-
velopment at IMPACT consist only of 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). Initial experiments will 
address the effects of these three parameters will be 
comprehensively explored, including their response to 
hypervelocity dust impacts, UV and plasma exposure, 
and geotechnical properties for ISRU potential. 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. We have per-
formed a feasibility study demonstrating that these 
power-law distributions and cutoff sizes are possible 
using only standard, commercially available materials. 
As an example, Fig. 1 shows the individual size distri-
butions from various commercially available glass 
spheres in size ranges from 0.25µm to 100 µm, and the 
resulting power-law distribution created with an ap-
propriate admixture spanning up to 10 µm diameter. 
Dry mixtures will be mixed with a paddle stirrer and 
gently stirred for 1 minute to attain homogeneity of all 
sizes. A sample from the resulting mixture will be 
evaluated using a Mastersizer 2000 particle size ana-
lyzer, which measures particle size distributions from 
0.02 µm to 2 mm with 1% accuracy using combined 
Mie and Fraunhofer scattering. The third parameter of 
the IMPACT regolith reference surfaces is their ice 
content. We will produce samples ranging from pure 
water ice to ice with regolith contamination to dry reg-

olith. Fig. 3. illustrates the 3-axis parameter space that 
will be created in this manner. Initial ice-regolith sam-
ples will be created by mixing the desired distribution 
of microspheres with pure water. We will adopt stand-
ard mixing techniques used in the pharmaceutical in-
dustry, where similar size distributions of organic ma-
terials are regularly handled over a wide range of con-
ditions. The mixture will then be flash frozen in liquid 
nitrogen, which prevents the formation of crystals.  
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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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Figure	
  1.	
  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	
  ex-­‐
ample	
  we	
   show	
   a	
  mixture	
   of	
   particles	
  with	
   d	
   >	
   0.1	
   μm	
  
with	
   a	
   power-­‐law	
   exponent	
   of	
   3,	
   created	
   from	
   the	
   the	
  
samples	
  shown	
  in	
  the	
  left	
  figure.	
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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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Figure	
  2.	
  Standardized	
  regolith	
  samples	
  will	
  be	
  used	
  in	
  to	
  
study	
  the	
  effects	
  of	
  dust	
   impacts,	
  UV	
  and	
  plasma	
  charg-­‐
ing,	
   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	
   contami-­‐
nated	
  regolith,	
  and	
  dry	
  pure	
  regolith.	
  

 
 

 
 


