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Introduction: We present more than 150 observa-

tions of the lunar exospheric helium from the Lyman-
Alpha Mapping Project (LAMP) ultraviolet spectro-
graph [1] on board the Lunar Reconnaissance Orbiter 
(LRO) [2] between 2013 and 2016. The emission line 
of HeI at 58.4 nm, due to resonant scattering of solar 
photons, is bright enough for the sensitive LAMP de-
tector to observe during a single orbit, allowing for 
studies of temporal, latitudinal, and local time varia-
tions of the helium density.  

Lunar exospheric helium, observed for the first 
time by the LACE spectrograph deployed on the lunar 
surface during the Apollo 17 mission [3], has its main 
origin in the neutralization, upon impact, of incident 
solar wind alpha particles [4]. Helium interacts weakly 
with the lunar regolith, therefore its density n is in-
versely proportional to the surface temperature T: n ~ 
T-5/2 [5], and thus depends on the local time. However, 
a small but non-negligible fraction (between ~15% [6] 
and ~40% [7]) of the lunar helium outgasses from the 
interior of the Moon, as the radioactive daughter of 
232Th and 238U [8]. Previous LAMP observations de-
tected enhancements in the lunar He density uncorre-
lated with either local time or solar alpha particle flux 
[9], which seem to be the result of outgassing.  

Observations:  LAMP can detect the feeble emis-
sion lines of the tenuous lunar exosphere by pointing at 
the nightside, thus considerably suppressing the back-
ground, when the spacecraft is illuminated, and sunlit 
gases along the line of sight (LOS) resonantly scatter 
solar photons. By tilting LRO along its direction of 
motion (pitch maneuvers, like in Figure 1) and side-
ways (roll maneuvers), it is possible to considerably 
increase the illuminated LOS compared to the nominal, 
nadir mode, and hence to increase the brightness of the 
HeI emission line. By repeating these maneuvers over 
multiple orbits, it is possible to study the dependence 
of lunar helium density on local time, selenographic 
longitude, and solar wind conditions (as measured by 
the ARTEMIS twin spacecraft [10]). Each of these 
parameters is informative about a specific physical 
parameter: 
• The dependence of the helium density with local 

time, and hence on lunar surface temperature, 
yields the degree of accommodation (and thus the 
interaction) between helium and the lunar surface 
temperature. 

• The dependence of the helium density with sele-
nographic longitude yields information on the pos-
sible locations of helium outgassing.  

• The dependence of helium density on the solar 
wind alpha particle flux constrains the source rate 
and the amount of lunar endogenic helium (com-
pared to the population from the solar wind). 

 

 
Figure 1 LAMP mode of observations during dedi-
cated pitch campaigns (not to scale). The Moon 
view is centered on the sub-Earth point around last 
quarter. LRO is tilted along the direction of motion, 
and LAMP is observing the exosphere through the 
illuminated line of sight (yellow) towards the lunar 
nighttime surface. The blue line of sight is the por-
tion of the lunar exosphere in shadow.  
 
LAMP count rates are converted first to brightness by 
applying the instrument calibration factor obtained by 
looking at interstellar helium [11], and then to column 
density using daily averages of solar irradiance at 58.4 
nm measured by the Solar Dynamic Observatory’s Ex-
treme ultraviolet Variability Experiment [12].  

Data-model comparison:  Line of sight column 
densities are compared with a Monte Carlo code of the 
lunar exosphere [13], which predicts the density of 
helium as a function of latitude, solar time, and alti-
tude. The model is scaled to the solar wind alpha parti-
cles flux measured by ARTEMIS to account for the 
variability in the solar wind alpha particles flux (and 
hence of the helium source rate). For each point along 
the LAMP LOS we compute the column density pre-
dicted by the model.  
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As an example of data-model comparison, Figure 2 
shows a scatter plot that compares LAMP-derived col-
umn densities (in the ordinates) vs model-predicted 
column densities, for two different accommodation 
factors. 

 
Figure 2 Data-model comparison: LAMP-derived 
column densities are plotted against model-
predicted column densities. Black squares: model 
with accommodation coefficient (α) of 0.75. Green 
circles: model with α = 1.00. The dashed line indi-
cates a 1:1 relationship, where a perfect model 
would align.  
 
The accommodation factor α is a measure of the inter-
action between the exospheric atoms and the surface 
and is defined as (Eout-Ein)/(ET-Ein), where ET is the 
mean energy per atom in thermal equilibrium with the 
surface, Ein is the mean energy per atom of the incom-
ing particle, and Eout is the mean energy per atom of the 
particle that leaves the surface [14,15]. An accommo-
dation coefficient of 1.00 means that the mean energy 
of the particle leaving the surface is equal to the mean 
energy of the particle in thermal equilibrium with the 
surface. In this case, therefore, the species bouncing off 
the surface “lose the memory” of their energy prior to 
the impact: the energy of the atoms leaving the surface 
will depend solely on the temperature of the regolith. 
LAMP observations show that the lunar exospheric 
helium is not fully thermalized and suggest that heli-
um’s accommodation coefficient lies between 1.00 and 
0.75. Future models will further constrain this value.  
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