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Introduction:  In principle, the lunar polar regolith 

is similar to the equatorial regolith but remote sensing 
data indicate that polar regolith may have different 
physical, spectral, and potentially chemical properties. 
The enhanced laser space weathering facility at 
Washington University produces agglutinate-like melt 
structures—which overcomes a significant hurdle in 
laser space weathering—and allows the investigation of 
multiple proposed factors that could give rise to 
measurable differences in remotely sensed data between 
polar and equatorial regions. 

Interpretations deduced from Lunar Reconnaissance 
Orbiter’s Lunar Orbiter Laser Altimeter (LOLA), 
Lyman Alpha Mapping Project (LAMP), and Diviner 
radiometer data reveal contrasting results that we are 
capable of testing. LOLA measured an increase in 
brightness in two ways: as a trend and a spike. First, 
Lucey et al. [1] reported a clear anticorrelation between 
temperature and reflectance at 1064 nm in LOLA data. 
Second, LOLA reflectance [2] exhibits a spike in 
brightness for permanently shadowed regions (PSRs) 
relative to equivalent surfaces that experience some 
illumination during the year—A similar observation 
was made for PSRs on Mercury using the Mercury 
Laser Altimeter data [3]. Furthermore, Gladstone et al. 
[4] used LAMP Ultraviolet (UV) data to show that PSRs 
are systematically dark in UV reflectance compared to 
areas that receive some solar illumination. Lastly, 
Diviner measurements indicate low thermal inertia 
(high porosity) in the layer containing the diurnal and 
seasonal thermal wave, ~1-10 cm [5]. These 
observations yield multiple working hypotheses, and in 
one case, contradicting hypotheses, which reveal a gap 
in our understanding for how regolith under polar 
conditions responds to the space environment. 

Laser Space weathering Laboratory 2.0: At the 
heart of the laboratory is a 26-liter, stainless steel, 
nineteen port chamber. The system is rated for ultrahigh 
vacuum. Updated abilities include sample temperature 
control and volatile dosing.  

Uncompressed powders are used for our 
experiments (0.2-0.5 g). Our experiment focuses on 
powdered, uncompressed samples because it represents 
the physical property of airless bodies. Further, packed 
grains inhibit the multiple scattering and reflection that 
otherwise augments spectral contrast and impede 
modifications by space weathering [6]. The shock wave 
produced by the laser-induced plasma creates a crater 
that gardens the sample such that it is uniformly 
irradiated. First trials were conducted with powdered 

San Carlos Olivine. Additional experiments will be 
done on other mineral endmembers (e.g., plagioclase 
and pyroxene) as well as simulants (e.g., exolith lab’s 
lunar highland and mare simulants, and Off Planet 
Research’s highlands simulant). 

The laser space-weathering laboratory uses two 
Continuum Surelite I-20 Nd:YAG lasers with a 
fundamental wavelength at 1064 nm that operates from 
1-20 Hz pulse rate. The pulse width of the first laser is 
6 ns and for the second laser the pulse width 100 ns. The 
purpose of the dual laser system is to recreate the entire 
thermal event of a micrometeorite (particle of 1x10-12 
kg) impact. The shorter pulse laser creates vapor while 
the longer pulse laser creates melt and agglutinates. The 
laser spot size of both lasers is ~250 μm, which deposits 
incident energy between 5 mJ and 220 mJ onto the 
sample, which reproduces impact energies of 
micrometeorites from Mercury to the asteroid belt. 

Samples are laser irradiated under vacuum. The 
pumping system is currently being upgraded to an 
Osaka combo turbomolecular mag levitated pumping 
system (TG420MCAB/DSP250) that will achieve 
vacuum pressures of 10-9 Torr.  

Sample temperature can be controlled between 10K 
and 400K with a Trillium US Inc. Model 350 Cryogenic 
Helium Compressor. The compressor is paired with a 
1020CS coldhead. Samples are placed in oxygen free 
copper sample cup mounted to the coldhead. 

Volatiles released during the laser weathering 
process are measured with Stanford Research Systems 
100 AMU residual gas analyzer. 

 
Fig 1. UHV stainless steel chamber. The 8” door to 
the chamber is open showing the sample holder (Fig 
2). The holder is attached to a Trillium helium closed 
looped coldhead with dual temperature readout (left). 
The Osaka turbomolecular pump is on the right side. 
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Results & Findings: The dual irradiation 

experiments on San Carlos olivine more accurately 
reproduce the spectral, magnetic, and physical features 
of space weathering on airless bodies.  

Spectra. Spectral results for short pulse laser 
weathering experiments did cause reddening, loss of 
spectral contrast, and reduced albedo [6]. However, the 
resulting spectral properties did not match the spectral 
features and trends of lunar samples [7]. The dual laser 
experiments produce spectra with lower albedo and 
reduced spectral contrast, which better matches spectra 
of lunar soils of various maturity levels.  

Samples. While samples from the short-pulsed 
experiments exhibited melt and vapor deposits on 
grains, they did not contain agglutinates or fully melted 
grains. In contrast, the dual laser experiments produce 
dark agglutinate-like features: melt gluing together 
smaller grains (Fig 3). Agglutinate’s size can be up to 
500 µm but most are smaller. Further, the longer pulse 
laser is able to bulk melt powder clumps and create melt 
spheres (Fig 3). The spherules range in size from 10s 
µm to 1 mm.  

Future work will compare and contrast chemistry 
and magnetic measurements between dual laser 
weathered samples and naturally weathered samples. In 
addition, we have the ability to conduct spectral 
analyses of the laser weathered soils without breaking 
vacuum and while under polar conditions. This 
capability will allow us to test various observations and 
conclusions made of the lunar regolith based on remote 
sensing data.  
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Fig 2. View of the chamber with the top removed. 
Sample holder with two temperature sensors 
(center) attached. The arm attached to the sample 
holder is the He-coldhead.  

Fig 3. SEM secondary electron images of laser 
weathered San Carlos Olivine. The dual laser method 
of weathering produces agglutinates (top) as well as 
melted spherules.  
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