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First energetic particle albedo maps of Moon 

• Wilson, J. K., H. E. Spence, J. Kasper, M. Golightly, J. B. Blake, J. E. Mazur, L. W. Townsend, A. W. Case, M. D. Looper, C. Zeitlin, and N. A. Schwadron, The first 
cosmic ray albedo proton map of the Moon, J. Geophys. Res. – Planets, 117, DOI: 10.1029/2011JE003921, 2012. 

(from Wilson et al., 2012) 



Possible composition dependence of 
albedo sources 

(Wilson et al., 2013, work in progress) 





Beam runs with CRaTER EM confirm nuclear 
evaporation concept  

• Zeitlin, C., A. W. Case,  H. E. Spence, N. A. Schwadron, M. J. Golightly, J. K. Wilson, J. C. Kasper, J. B. Blake, M. D. Looper, J. E. Mazur, L. W. Townsend, and Y. 
Iwata, Measurements of Galactic Cosmic Ray Shielding with the CRaTER Instrument, Space Weather, DOI: 10.1002/swe.20043, 2013. 

2012, HIMAC beam testing 

(Zeitlin et al., 2013) 

2013, HIMAC beam testing 
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Investigations of chemical alteration of 
regolith by energetic particles and cosmic rays 

• Schwadron, N. A., T. Baker, J. B. Blake, A. W. Case, J. F. Cooper, M. Golightly, A. Jordan, C. Joyce, J. Kasper, K. Kozarev, J. Mislinski, J. Mazur, A. Posner, O. Rother, 
S. Smith, H. E. Spence, L. W. Townsend, J. Wilson, and C. Zeitlin, Lunar radiation environment and space weathering from the Cosmic Ray Telescope for the 
Effects of Radiation (CRaTER), J. Geophys. Res. – Planets, 117, DOI: 10.1029/2011JE003978, 2012. 

• Jordan, A. P., T. J. Stubbs, C. J. Joyce, N. A. Schwadron, H. E. Spence, and J. K. Wilson, The formation of molecular hydrogen from water ice in the lunar regolith 
by energetic charged particles, J. Geophys. Res. – Planets, DOI:10.1002/jgre.20095, 2013. 

(Jordan et al., 2013) 
(Schwadron et al., 2012) 



Published investigation on deep 
dielectric charging by energetic 

particles and cosmic rays 



We expect regolith in lunar PSRs to 
have lower albedo in colder regions. 



Featured in New York Times ..  

The moon’s 
“sparkiness”! 



Understanding 
of Radiation 
Driving New 
Data Products 

 

Rate of SEP 
events that may 
cause regolith 
breakdown 



LRO/CRaTER Summary 

• Deepest Solar Minimum and Weakest Maximum 
more than 80 years 
– Increased GCR radiation intensity in solar minima 
– Lower probability of SEP events  Enabler for launching missions 

near solar maxima 

• Radiation Effects on the Moon 
– Chemical modification of Lunar Regolith 
– Deep dielectric charging  grain fragmentation in PSRs 

and changes in regolith porosity 
• Development of new LRO derived mapping 

products   
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