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Abstract. The Lyman Alpha Mapping Project 

(LAMP) UV spectrograph on the Lunar Reconnais-
sance Orbiter (LRO) [1] was positioned to directly 
view the expanding gas plumes from the two GRAIL 
spacecraft impacts on 17 December 2012.  LAMP de-
tected emissions from Hg and H atoms in these plumes. 
The spectral, spatial, and light-curve analyses used in  
these gas detections are consistent with previous 
LAMP observations of the LCROSS impact [2].  The 
full implication of these very recent detections of mate-
rial released from a northern high-latitude mountain 
side is not yet determined, but the volatile transport of 
Hg and H species is known to concentrate them near 
the poles.  

Observations. The GRAIL spacecraft, having fully 
completed their mission and having expended nearly 
all their fuel, were targeted to impact the southern fac-
ing side of a ~2 km tall mountain at high northern lati-
tude and near Goldschmidt crater.  Table 1 shows the 
locations and times for the final GRAIL impacts; these 
are a "next-to-last" release of the reconstructed times 
(od370v1) and the locations will soon be imaged by the 
LRO Camera (LROC) for confirmation.  The location 
name is now the Sally K. Ride Impact Site. 

 
S/C Latitude Longitude Time 

GRAIL-A 
Ebb 

75.6130 N 333.3568 E 22:28:47.0 

GRAIL-B 
Flow 

75.6545 N 333.1008 E 22:29:15.6 

Table 1. GRAIL impact details (courtesy GRAIL 
team's R. Roncoli, 12/20/2012).  

 
The LRO spacecraft was reasonably well positioned 

to observe the northern facing side of the GRAIL im-
pact location on the day of the event.  However, an 
LRO maneuver was required to phase the timing of 
LRO's closest approach to coincide with the GRAIL 
event times (within uncertainties and including a delay 
time for the gas plumes to evolve).  This LRO maneu-
ver was performed flawlessly on 12/14/2012 and used 
~0.5 kg of fuel (i.e., just ~1% of LRO's currently re-
maining fuel). 

The LRO-LAMP UV spectrograph (Figure 1) ad-
dresses how water is formed on the Moon, transported 
through the lunar atmosphere, and deposited in perma-

nently shaded regions (PSRs)[1,3].  LAMP covers the 
57-196 nm far-ultraviolet bandpass.  It's combination 
of spectral and spatial imaging has proven to be highly 
capable of detecting lunar atmospheric species [4,5,6], 
including volatile gases released from the LCROSS 
impact plume [2].  LAMP observations of the GRAIL 
impact were planned, even though the expected event 
energy was less than for LCROSS. 

 

 
 
Figure 1: LAMP instrument prior to LRO integration. 

 
The GRAIL impact site was in darkness at the time 

of the events.  In order to observe the sunlit gases in 
the plume by fluorescense and resonant scattering of 
sunlight, the LAMP slit - a 6°×0.3° field of view - was 
aimed above the impact site by setting a 67.0° roll an-
gle for the LRO spacecraft relative to its nominal nadir 
position. Figure 2 shows the geometry of the LAMP 
field of view across the impact site.  LRO's present 
polar orbit typically brings it near ~180 km at the north 
pole (and ~40 km near the south pole), and at the time 
of the impacts LRO's altitude was ~165 km.  Seven 
additional observations at the same roll angle geometry 
(held for 20 minutes when near the north pole) were 
conducted to provide a baseline for comparisons before 
and after the event, and numerous other off-disk obser-
vations dedicated to LAMP lunar atmosphere studies 
were performed in the week around this event. 

Initial Results. Analysis techniques similar to those 
reported for our LAMP observations of the LCROSS 
plume gases in [2] were utilized to search for spectral, 
spatial, and temporal variations in the far-UV signals 
observed by LAMP.  Our initial analysis compares the 
consecutive LRO orbits (~2 hours) before and after the 
impact event viewing orbit.   

Numerous UV-bright stars were in the sky field 
scanned by the LAMP field of view.  While these stars 
are easily identified in the spatial scans, they were 
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brighter and more numerous than experienced in the 
LCROSS data analysis and resulted in more limited 
data quality.  Two especially bright stars produced high 
detector count rates that skewed the MCP dead-time in 
a way that required additional corrections.  Subtrac-
tions of spectral and spatial scans in the orbits 
preceeding and/or following the impact were per-
formed on the impact data set to remove both these 
stellar background features and more diffuse interplan-
etary medium emissions at both Lyman-alpha (121.6 
nm) and Helium (58.4 nm) wavelengths.  A few of the 
detector rows imaged the night-side disk of the moon 
(see Figure 2) and are fortunately without contamina-
tion by stellar or sky background signals.  These on-
disk rows provided the best signal to noise ratio detec-
tions of plume emissions.  

 

 
Figure 2: LAMP field of view above the GRAIL im-
pact plume site (red +).  The white circle indicates a 
radius of 80 km from the impact site consistent with the 
propagation of gas moving at ~1.7 km/s after ~45 se-
conds following the GRAIL A impact. 

Combinations of various spatial filtering and differ-
ence spectra techniques performed independently by 
members of our team each revealed excess emission 
signatures at 185 nm and at Lyman-alpha (121.6 nm) 
right at the expected times following the GRAIL im-
pacts.   

The signal at 185 nm is consistent with emissions 
from mercury atoms released from the top meter or two 
of lunar soil by impact heating, and the spectral signa-
ture closely resembles our detection of Hg in the 
LCROSS impact plume [2].  The additional presence 

of Mg and Ca atom emissions near this wavelength, 
like those reported in the LCROSS data set, has not 
been ruled out at this stage (and upper limits may be 
determined).   

The detection of atomic hydrogen emission is a first 
for LAMP - a time dependent detector charge 
depleation feature has made previous searches for this 
species difficult.  The implications of this atomic hy-
drogen detection are still being considered, but its po-
tential relevance to studies of subsurface hydrogen 
volatiles and/or surficial hydratation at high-to-polar 
latitudes is intriguing. 

Species previously detected with the LAMP instru-
ment such as He, H2, and CO, and potential dust re-
flected continuum features are not detected at this early 
stage of the analysis; numerous upper limits will be 
provided (c.f., [2,6]). 

Modeling and Future Work. Analysis is under 
way to compare the LAMP light curves for the Hg and 
H emission features with detailed plume dynamic mod-
els [7]. These models are more constraining to the 
GRAIL-A impact plume, based on the timing of the 
observations relative to the evolution of the plume gas.  
Comparisons with the heavier and more energetic 
LCROSS impact event, such as the resulting velocity 
distributions of gases being lower at ~2.5 km/s for 
GRAIL rather than ~3.6 km/s for LCROSS, will pro-
vide useful insights into the underlying physical pro-
cesses related to these types of impacts [8].   
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