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Introduction:  The Mini-RF team is acquiring bi-

static radar measurements of the lunar surface to un-
derstand the scattering properties of materials as a 
function of phase angle. These observations have pro-
duced the first lunar bistatic radar images ever collect-
ed with non-zero phase angles. The goal of these ob-
servations is to differentiate between scattering indica-
tive of surfaces that are rough versus surfaces that har-
bor water ice in quantities detectible by a radar system 
operating at a wavelength of 12.6 cm. 

Bistatic Operations:  Radar observations of plane-
tary surfaces provide unique information on the struc-
ture (i.e., roughness) and dielectric properties of sur-
face and buried materials [e.g., 1-4]. These data can be 
acquired using a monostatic architecture, where a sin-
gle antenna serves as the signal transmitter and receiv-
er, or they can be acquired using a bistatic architecture, 
where a signal is transmitted from one location and 
received at another. The former provides information 
on the scattering properties of a target surface at zero 
phase. The latter provides the same information over a 
variety of phase angles. NASA’s Mini-RF instrument 
on the Lunar Reconnaissance Orbiter and the Arecibo 
Observatory in Puerto Rico are currently operating in a 
bistatic architecture (the Arecibo Observatory serves as 
the transmitter and Mini-RF serves as the receiver). 
This architecture maintains the hybrid dual-
polarimetric nature of the Mini-RF instrument [5] and, 
therefore, allows for the calculation of the Stokes pa-
rameters (S1, S2, S3, S4) that characterize the backscat-
tered signal (and the products derived from those pa-
rameters). 

Observations: A common product derived from 
the Stokes parameters is the Circular Polarization Ratio 
(CPR), 

! 

µC =
S1 " S4( )
S1 + S4( )

  (1). 

High CPR values can serve as an indicator of rough 
surfaces [4,5] or as an indicator of the presence of wa-
ter ice [6]. Recent work using monostatic radar data 
and inferences from surface geology suggests that 
anomalously high CPR values associated with some 
polar lunar craters are indicative of the presence of 
water ice [7,8]. However, a unique determination of 
water ice is hindered by the surface roughness charac-
teristics of craters [4]. Bistatic radar data can take ad-
vantage of differences in the CPR characteristics of 
rough surfaces and water ice as a function of phase 

angle to differentiate between these possibilities [9-
11]. To do so, Mini-RF is currently acquiring bistatic 
radar data of lunar polar and non-polar crater materials. 

 
Fig. 1. Bistatic (a) CPR and (b) phase angle infor-
mation for Kepler crater (8.1°N, 38.0°W, dia. 32 km).  
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Fig. 2. Bistatic (a) CPR and (b) phase angle infor-
mation for Casatus (72.6°S, 30.5°W, dia. 111 km) and 
Cabeus craters (84.9°S, 35.5°W, dia. 98 km). 

To characterize the CPR of solely rough surfaces as a 
function of phase angle, we are acquiring bistatic radar 
data of a number of relatively fresh non-polar craters 
that have high monostatic CPR values (e.g., Fig. 1). 
This information can then be compared directly to data 
acquired of polar targets that include anomalous craters 
identified by [7,8] (e.g., Fig. 2). 

Results: Initial analysis shows that the CPR of 
mare materials are only weakly sensitive to variations 
in phase angle and that the CPR of crater ejecta in-
creases steadily for phase angles < 5°. This is markedly 
different from the expected behavior of water ice [9]. 
Bistatic data for polar craters clearly indicate the pres-
ence of crater material associated with small fresh im-
pacts (yellow – Fig. 2). Analysis of the phase angle 
characteristics of these materials and polar crater floors 
is ongoing. 

 
Fig. 3. Plot of CPR vs. phase angle for crater ejecta 
and mare materials associated with Kepler crater (Fig. 
2). 
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