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Observations of the Moon 



• Mini-RF is a hybrid dual-polarized synthetic 
aperture radar (SAR) that operated in concert 
with the Arecibo Observatory (AO) to collect 
bistatic radar data of the lunar nearside from 
2012 to 2015. 

- The purpose of this bistatic campaign was to 
observe the scattering characteristics of the upper 
meter(s) of the lunar regolith, as a function of the 
bistatic angle, and to search for a coherent 
backscatter opposition response indicative of the 
presence of water ice.  

- A variety of lunar terrain types were sampled over 
a range of incidence and bistatic angles; including 
mare, highland, pyroclastic, crater ejecta, and 
crater floor materials.  

INTRODUCTION 

Nearside South 
Pole 



 

INTRODUCTION 



Coherent Backscatter Opposition Effect (COBE) 
• COBE results from the coherent addition of radar energy 

that travel the same path in opposite directions between 
multiple scatterers in a medium.  

– Produces an opposition peak, i.e., a peak centered at zero 
phase [Hapke, 1990]  

• Experimental work at optical wavelengths has 
demonstrated that water ice and lunar regolith can 
produce an opposition response [Hapke and Blewett, 
1991; Hapke et al., 1998; Nelson et al., 2000, 2002; 
Piatek et al., 2004].  

– A relatively narrow opposition response, involving phase 
angles ≤ ~1°, is observed for simulated water ice [Hapke 
and Blewett, 1991].  

– A broader opposition response, involving phase angles ≤ 
~5°, is observed for lunar regolith [Hapke et al., 1998; 
Hapke et al., 2012].  

Polarization properties of lunar 
regolith – Hapke et al., 2012 

Polarization properties of an 
analog water-ice material – Hapke 
and Blewett, 1991 
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OBSERVATION – 2013-127 (MAY 7) 

• Cabeus is a 98 km dia. pre-Nectarian 
crater (84.9°S, 35.5°W) 

- The CPR of highland terrains 
equatorward of Cabeus crater are 
relatively uniform over bistatic 
angles <10°. 

- The CPR of the floor/wall of Cabeus 
crater is variable as a function of 
bistatic angle 
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INITIAL RESULTS: CABEUS 
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OBSERVATION – 2013-127 (MAY 7) 

• Cabeus is a 98 km dia. pre-Nectarian 
crater (84.9°S, 35.5°W) 

- The CPR of highland terrains 
equatorward of Cabeus crater are 
relatively uniform over bistatic 
angles <10°. 

- The CPR of the floor/wall of Cabeus 
crater is variable as a function of 
bistatic angle 

- Plot includes 60,000 measurements 
spanning 5 observations. 
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RESULTS: CRATER EJECTA 
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RESULTS: EUREKA!?!? 

Water ice at Cabeus? 

• The measured opposition response of the imaged portion of Cabeus’s floor is 
narrow and strong, indicative of a COBE.  

• The response is not observed in association with permanently shadowed regions of 
Cabeus but it is in a region where water ice can be stable within the top meter of 
the surface [Paige et al., 2010].  

• The character of the response is unique with respect to all other lunar terrains 
observed during the Mini-RF bistatic campaign.  

• However, a key issue with water ice as the explanation for the opposition response 
of Cabeus floor materials is the measured CPR of the deposit for bistatic angles     
< 0.5°.  

- These data were gathered by Mini-RF monostatic [Neish et al., 2011] and ground-based 
[e.g., Campbell et al., 2006] observations of the crater 

- They are not consistent with CPR measurements at similar bistatic angles for other 
known icy materials [e.g,, Ostro et al., 1992; Harmon et al., 1994; Black et al., 2001].  



RESULTS: EUREKA!?!? 

Water ice at Cabeus? 

• If water ice were present at the floor of Cabeus and it was concentrated in a 
relatively thin layer near the surface, it could explain the difference in the 
measured CPR of the terrain for Mini-RF monostatic versus bistatic observations.  



RESULTS: EUREKA!?!? 

Water ice at Cabeus? 

• If water ice were present at the floor of Cabeus and it was concentrated in a 
relatively thin layer near the surface, it could explain the difference in the 
measured CPR of the terrain for Mini-RF monostatic versus bistatic observations.  

Still does not explain the difference in Mini-RF 
measurements for bistatic angles > 0.5° and 
ground-based measurements at 0.37° 



• Mini-RF/AO S-band radar measurements of 
CPR as a function of bistatic angle indicate 
the presence of an opposition response for the 
ejecta of the Copernican-aged craters Byrgius 
A and Kepler and the floor of the south-polar 
crater Cabeus.  

- The responses of ejecta material varied by 
crater in a manner that suggests a relationship 
with crater age.  

- The character of the response for the floor of 
Cabeus differs from that of crater ejecta and 
appears unique with respect to all other lunar 
terrains observed.  

• Analysis of data for this region suggests that the 
unique nature of the response may indicate the 
presence of near surface deposits of water ice. 

SUMMARY 
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