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Introduction: Our LCROSS Ground-Based Observa-
tion Campaign (GBOC) Mauna Kea Spectroscopy 
Team will observe the LCROSS impact event with 
three complementary ground-based instruments: Gem-
ini North's Near-Infrared Integral Field Spectrometer 
(NIFS), Keck Observatory's NIRSPEC spectrometer, 
and the NASA IRTF SpeX spectrometer, chosen spe-
cifically to achieve the LCROSS mission 
Science Goals, as follows: 
• NIRSPEC will acquire high-resolution spectra (R = 
25,000) of non-resonant fluorescent water vapor emis-
sion lines between 3380 and 3530 cm-1. Of the three 
proposed observations, NIRSPEC is uniquely sensitive 
to water vapor and is our most diagnostic experiment 
for the presence of water in the permanently shadowed 
regolith. 
• SpeX will acquire the widest contiguous spectral 
range (2 - 4 µm, although saturation is possible long-
ward of 3.4 µm). This range is expected to characterize 
the shape of the non-H2O-ice continuum as a function 
of ejecta grain size and mineralogical composition. 
SpeX will also sample the H2O-ice fundamental band 
at 3.0 µm. 
• NIFS will acquire infrared spectra (1.9 - 2.3 µm) over 
a 3"x3" (6 km x 6 km) field of view, encompassing the 
entire ejecta plume for the first 30 seconds after impact 
and resolving the dense core of the plume (where the 
highest column of H2O-ice would be seen). NIFS re-
cords the ejecta plume as a function of time and dis-
tance from the impact, with some sensitivity to the 
presence of H2O-ice grains through the 2 µm absorp-
tion band. NIFS provides the critical spatial and tem-
poral context for the SpeX and NIRSPEC observa-
tions. Unlike the LCROSS downward-looking spectral 
observations (the spacecraft will peer through the 
plume from above), the sideways-looking NIFS obser-
vations will capture the height dependence of the 
ejecta plume spectra. The height dependence is ex-
pected to be diagnostic of the size distribution, since 
smaller particles will have faster post velocities and be 
lofted higher. 
Together, these three data sets will address 3 of the 4 
LCROSS Science Goals, including (a) experiments to 
look for water, both as vapor (NIRSPEC) and as ice 
grains (SpeX and NIFS); (b) experiments to measure 
the non-water vs. water composition of the ejecta 
plume, and (c) experiments to characterize the grain 
size and mineralogy of the impacted regolith. The 

fourth goal, identifying the form/state of hydrogen 
observed by Lunar Prospector, may also be obtainable 
if there is a non-water hydrocarbon or hydrated min-
eral constituent that is observable in the NIRSPEC, 
SpeX or NIFS spectra. 
 

 
FIGURE: LCROSS Ejecta Plume Flux Predic-

tions. Flux density per square-arcsec (Total = Scat-
tered + Thermal) for a grain column density of 35 μm-
radius grains of N=1E7 m-2 and Ngr=2E5 m-2, repre-
senting post-impact intervals of 4 to 30 s and 60 to 90 s 
(Goldstein model, [1] ), respectively. If a column den-
sity of Ngr=2E5 m-2 of 35 μm grains are disaggre-
gated to 1 μm grains, the flux density is much brighter 
(because a unit mass of ejecta has greater surface area 
as smaller grains, and because smaller grains have 
higher albedos at near-IR wavelengths) and the shape 
of the spectrum better reveals the composition. In the 
figure, if the mass-equivalent of N=2E5 m-2 of 35 µm 
radii grains disaggregate to N=1E10 m-2 of 1 µm 
grains, the flux density is approximately the same as if 
the the case for N=1E7 m-2 of 35 µm grains except for 
the discernment of mineral bands. Preliminary flux 
calculations use pyroxene (Mg0.5,Fe0.5)SiO3 grains to 
mimic regolith composition.  

References: [1] Goldstein D.B., et al. (2008) AIP, 
1084, 1061.  

Additional Information:  For impact observation 
tools, please contact dwooden@mac.com  

2058.pdf2009 Annual Meeting of LEAG (2009)


