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Introduction:  On Oct 30, 2009, we locked the 

Keck-II adaptive optics (AO) system on a sunlit peak 
near the Moon’s terminator and acquired data at near-
infrared wavelengths.  For on-axis images taken at M-
band, AO correction was at the diffraction limit, but 
was poorer at shorter wavelengths and when observing 
off-axis.  With this demonstration, observers may now 
propose for observing time to investigate some of the 
open questions in lunar science listed here. 

Imaging Results:  We took data with the near-
infrared camera fed by the Keck-II AO system 
(NIRC2).  Figure 1 shows our M-band image of a cra-
ter along the flank of mountain M5 located near crater 
Cabeus [1]. 

 

           
 
Figure 1. AO corrected image of a crater along the flank of 
M5 taken with Keck-AO/NIRC2 at M-band (4.55 – 4.79um) 
2009 Oct 30 10:15 UT (left), together with a visualization of 
the area produced from the Kaguya global lunar digital ele-
vation model (right).  The right-hand figure was kindly pro-
vided by J. Mosher using the Lunar Terminator Visualization 
Tool (LTVT). The field of view of the AO image on the left 
is approx. 10x10 arcseconds (17.8 x 17.8 km).  Assuming 
AO correction to approx. 110 milli-arcseconds at this wave-
length, details are revealed to approx. 200m resolution. 
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Figure 2. Diffraction limited images of the mountain M5 
taken at four different wavelengths via standard filters avail-
able within the NIRC2 instrument. 

 

Figure 2 shows a selection of narrow band images 
taken at this same location, revealing subtle changes in 
reflected light at different wavelengths (for example, 
the sunlit knob near the top appears brighter at shorter 
wavelengths, and appears as two distinct ‘knots’ at M-
band).  Future observations, acquired in lunar locations 
where color variations are expected (e.g., in the maria, 
or associated with recent fresh, large craters) might be 
able to apply similar imaging to obtain very low reso-
lution Band-1/Band-2 reflectance spectra.  These ob-
servations might determine surface composition to a 
spatial resolution better than 200m on the lunar surface 
[2].  

Acquisition:  As noted in previous reports, the 
Keck-II next generation guider system [3] provides 
neutral density sufficient to acquire individual features 
on the lunar surface, as was possible, for example, for 
the LCROSS impact while working with the seeing-
limited spectrograph NIRSPEC on Keck-II.  The AO 
system, however, has not yet been upgraded to this 
system.  We have investigated adding the necessary 
neutral density filter to the AO system for this purpose 
[2], but have since learned that it is possible to use 
NIRC2 itself as the AO acquisition camera (by first 
calibrating the pixel-location of the AO wave-front 
sensor on the NIRC2 detector).  Then, using a narrow-
band filter at the shortest possible wavelength (Jcont – 
1.20 – 1.22um) to best approximate the flux seen on 
the AO wave-font sensor, a visible-light sensitive 
CCD, we position the ‘hot spot’ seen on NIRC2 at that 
pixel location and then close the loops. 

 
Potential Science: At least two open questions in 

lunar science might be addressed via the current and 
planned capabilities of NIRC2 with Keck AO. 

 
1. At what level do the bright grains of anorthite, 

first witnessed by Apollo 11 astronauts in Mare 
Tranquilatris, occur over the entire lunar surface 
[4]? 

 
Band-1/Band-2 spectroscopy via multi-color photome-
try could provide this answer over wide regions of the 
lunar surface at resolutions down to 200 meters. 
 
2. What is the source of glass deposits found within 

the Aristarchus Plateau [5]? 
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A planned upgrade for the NIRC2 instrument (approx. 
late-2010) to include a Wollaston prism for po-
larimetry could allow exploration of this question. 

 
Conclusions: Data taken during an October 2009 

engineering night demonstrate the feasibility of apply-
ing Keck high angular resolution capabilities to the 
field of lunar science.  Images of a crater along the 
flank of lunar mountain M5 reveal diffraction limited 
resolution at M-band.  Several open questions in lunar 
science (especially those requiring regular monitoring 
over wide areas of the lunar surface) lend themselves 
to ground-based programs of this type. 
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