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Introduction:  The Deep Space Gateway provides 

an ideal vantage point from which to monitor the out-
flow of matter from the Earth and the Moon. Material 
is continually lost from both the Earth and the Moon, 
in the form of neutral and charged particles and dust. 
The Deep Space Gateway provides a unique opportuni-
ty to comprehensively measure and characterize the 
structure and variability of both lunar and terrestrial 
outflow over long time scales, utilizing both in situ and 
imaging techniques.  

Figure 1: The Deep Space Gateway is optimally locat-
ed to monitor outflowing matter from both the Earth 
and the Moon.  
 

Outflow from the Moon: The tenuous lunar exo-
sphere has been explored by both remote and in situ 
techniques since the Apollo era [1], most recently by 
the ARTEMIS, LRO, and LADEE missions [2, 3, 4, 5, 
6, 7, 8]. Thanks to these previous observations, we 
have learned that the exosphere has both endogenic 
and exogenic sources and sinks. Some species, such as 
neon and helium, appear to be delivered primarily by 
the solar wind. Others, such as argon, are derived pri-
marily from the interior. Still others, such as alkalis 
and molecular species, may be primarily delivered by 
micrometeoritic bombardment. Outflow from the Earth 
provides an additional source for atomic oxygen and 
some molecular species (see below). The Moon is 
therefore a witness plate that bears imprints of physical 
processes in the lunar interior and surface, the terrestri-
al environment, and the greater solar system.   

We have also learned that the many atomic and 
molecular species in the lunar exosphere, as well as the 
dust component, respond differently to solar and mi-
crometeoritic inputs and as a result have very different 
spatial and temporal dynamics. However, our 
knowledge of the composition, structure, and variabil-
ity of the exosphere unfortunately still remains frag-
mentary, due to the short duration of most observations 
to date and the low abundances of most species.  

To understand the long-term behavior of the exo-
sphere and the interconnections between the exo-
sphere, the surface, and the surrounding space envi-
ronment, we require long-baseline measurements with 
high sensitivity. Though many exospheric constituents 
interact repeatedly with the surface and may reside in 
the lunar environment for extended durations (particu-
larly in cold traps), the ultimate sink for material of 
both endogenic and exogenic origin is the surrounding 
space environment. Therefore, a spaceborne platform 
near the Moon affords an ideal opportunity to monitor 
the outflow of matter from the lunar environment.  

 
Figure 2: Ion outflow from the Moon observed by 
ARTEMIS, used to infer the presence of an extended 
population of massive species in the exosphere [8].  
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Elliptical selenocentric orbits and halo or Lissajous 
orbits in the vicinity of one of the Earth-Moon La-
grange points would both provide ideal vantages from 
which to monitor the outflow from the Moon. Outflow-
ing neutral and charged atoms and molecules as well as 
small particulates are transported primarily antisun-
ward from the Moon by radiation pressure and solar 
wind pickup, while larger particulates follow more 
Keplerian trajectories. Any orbit in the near-lunar envi-
ronment will therefore intercept escaping matter from 
the Moon for a portion of the lunar cycle.  

For this objective, we recommend as the highest 
priority measurement a sensitive ion composition sen-
sor housed on the Gateway or a nearby platform. As 
proven by previous missions, ion composition sensors 
are capable of detecting all known lunar species [7], 
and provide the highest signal to noise measurement of 
many species. Ion composition measurements would 
be augmented by (but do not require) coordination 
with energetic neutral atom and UV observations to 
provide remote imaging of outflow from the Moon, as 
well as dust measurements to provide in situ monitor-
ing of the particulate component of the outflow.  

Coordination with other assets at the Earth-Sun L1 
point and in lunar orbits, while not required, would 
provide additional value, allowing better separation of 
lunar and extralunar sources, as well as correlation of 
lunar responses to external drivers.  

Outflow from the Earth: Recent measurements 
from Kaguya and ARTEMIS [9, 10] have demonstrat-
ed that atomic and molecular ions from the terrestrial 
ionosphere flow downstream through the magnetotail 
and intercept the lunar environment. This material rep-
resents not only a portion of the outflow from the ter-
restrial system, but also an additional source of materi-
al to the lunar system, with implications for the evolu-
tion of the lunar regolith and exosphere.  

At present, we have only a few direct observations 
of outflow at lunar distance, and we have limited un-
derstanding of the frequency and spatial extent of the 
outflow and its variability with solar inputs or terrestri-
al seasons. By monitoring the outflow over a long time 
scale and correlating to other assets in the solar wind 
and near the Earth, we would learn about the response 
of the terrestrial environment to solar influences.  

Any orbit around or near the Moon would provide 
an ideal vantage from which to monitor outflow from 
the Earth. Any such orbit will intercept escaping matter 
from the Earth as the Moon passes through the Earth’s 
magnetotail (during full Moon).  

For this objective, we recommend as the highest 
priority measurement a sensitive ion mass composition 
sensor mounted on the Gateway or on a nearby plat-
form. An ion composition instrument would provide 

direct measurements of terrestrial outflow. Ion compo-
sition measurements would be augmented by (but do 
not require) coordination with energetic neutral atom 
and UV measurements to provide remote imaging of 
terrestrial neutral and charged particle outflow.  

Coordination with other assets at the Earth-Sun L1 
point and in terrestrial orbits, while not required, 
would provide additional value, allowing correlation of 
terrestrial outflow to external drivers.  

Figure 3. A comparison of OpenGGCM model results and ARTEMIS observations on February
16, 2014: (a-d) the OpenGGCM models results for the magnetic field, flow velocity, electric field, and
density, respectively at 1100 UT in the GSE x-y plane with the lunar orbit and location of the ARTEMIS
probes shown as the dashed circle and solid white dot, respectively, (e) the ARTEMIS ion energy spectra
between 0950 and 1220 UT with mass 1 and 32 amu energies overlaid as solid lines, (f-g) comparison of
the ARTEMIS and OpenGGCM magnetic field and flow velocity, respectively, with ARTEMIS results
in solid and OpenGGCM results in dashed lines.

c⃝2016 American Geophysical Union. All Rights Reserved.

 
Figure 3: Molecular ion outflow from the Earth 

observed by ARTEMIS [10].  
 
Conclusions: Long-term measurements by a sensi-

tive ion mass composition sensor mounted on the Deep 
Space Gateway or a nearby platform would return im-
portant data that would answer critical questions about 
both the lunar and terrestrial environments. Both ob-
jectives would benefit from, but do not require, sup-
porting measurements and/or coordination with assets 
at other locations 
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