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SOLVENT is a package to accomplish Simultane-

ous Observations of the Lunar Volatile EnviornmeNT 
by targeting the Moon with remote spectroscopy in 
complementary wavelength regimes, to measure the 
abundance of water and hydroxyl ions in the illuminat-
ed lunar surface and in the free space above it. Numer-
ous measurements have demonstrated that the circum-
stances under which water is present at the Moon are 
more complex than cold trapping within permanently 
shadowed regions (PSRs), including present-day hori-
zontal transport of neutral or ionized molecules. An 
accurate assessment of water abundance, distribution, 
and replenishment is essential to support access to this 
important resource for human activity in space. We 
envision the Deep Space Gateway (DSG) can enable 
these measurements using more than one implementa-
tion strategy. Externally mounted instruments can sup-
port some of the stated science goals. A free-flying 
spacecraft could be deployed and relay data through 
the DSG, or component instruments could be distribut-
ed across independent CubeSat/SmallSat spacecraft 
deployed from the DSG, enabling operations at low 
altitude with DSG as a communications hub. 

 
Fig. 1: Life cycle of water molecules at and above 
the lunar surface. Delivery to the surface is from mul-
tiple sources. Thermal desorption frees molecules from 
the surface to be exposed to photolysis by solar UV 
radiation and probable loss of hydrogen to space, or 
horizontal transport into cold traps on the lunar 
nightside or near the poles. SOLVENT instruments 
will enable tracking water and OH from surface to 
space to destruction or delivery back to the surface. 
 

SOLVENT will consist of the instruments HOHM 
(H2O-OH-Mineralogy), SOLVE (Sub-mm Observation 
of Lunar Volatiles Environment), and LOUVE (Lunar 
OH Ultraviolet Emission). Each instrument captures a 
particular phase in the life cycle of lunar water: 

HOHM will be a single-point or imaging spec-
trometer at 1-5 µm, R~300–1000, to map mineral hy-
dration in the lunar surface, identify its mineral con-
text, and measure its diurnal variability. Hydration 
previously was detected at low spatial resolution from 
Deep Impact [1] and Cassini, and mapped incomplete-
ly by the Moon Mineralogy Mapper instrument on 
Chandrayaan-1 [2]. HOHM will complete the mapping 
of the Moon at NIR wavelengths to quantify the distri-
bution and diurnal variability of mineral hydration and 
determine whether these properties vary according to 
mineral context, as well as completing the mineralogi-
cal mapping of the Moon. There has been no previous 
lunar instrument operating in the range 3–5 µm that is 
required to accurately characterize the shape of the 
mineral hydration feature at ~3 µm, so HOHM will 
have the opportunity to detect other trace volatiles in 
the gas phase [3]. 

 
Fig. 2: HOHM will characterize the hydration spec-
troscopic feature across the lunar surface, to estab-
lish its chemical state (H2O vs. OH) and magnitude of 
the hydration. HOHM will enable detailed mapping of 
hydration signature variation with local time and min-
eral context, by capturing the full width of the hydra-
tion feature as well as diagnostic transitions for lunar 
minerals. Figure from Sunshine et al. [1]. 
 

SOLVE will be a single-point sub-millimeter spec-
trometer (557 GHz) to unambiguously identify and 
measure the total column abundance of neutral water 
vapor above the lunar surface during horizontal 
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transport. The anticipated sensitivity for sub-mm de-
tection will enable measuring quantities as small as 1% 
of an exospheric column of water within two minutes, 
smaller quantities with greater total integration time. 
One year of data can sense quantities comparable to 
what is expected for water supplied solely by micro-
meteorite impact or solar wind delivery in steady-state 
competition with the anticipated photolysis rate. There 
has been no previous lunar instrument at sub-mm. 
SOLVE will include broadband continuum channels to 
accurately measure surface temperatures in even the 
coldest permanently shadowed regions on the Moon 
with temperatures less than 25K, and measure the near-
surface temperature gradient to characterize properties 
of the highly insulating lunar soil. 
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Fig. 3: SOLVE will detect even small columns of 
water above the lunar surface. Water will appear as a 
narrow absorption feature against surface thermal 
emission at submm wavelength on the lunar dayside. 
Over the nightside, for example due to migration 
across the dawn terminator, water will appear in emis-
sion. 
 

LOUVE will be a single-point or imaging ultravio-
let spectrometer at 200-350 nm (2000–3500 Å), to 
investigate the distribution of OH radicals above the 
lunar surface resulting from the photolysis of water in 
free space. The mid-UV wavelength range has been 
largely unexploited at the Moon, with only the LADEE 
UV spectrometer operating in this range previously 
[4]. LOUVE will be operated continuously over the 
entire lunar surface with nadir pointing to address wa-
ter photolysis in the column down to the surface. 

These complementary techniques will enable 
measuring water from surface sequestration into space, 
through the space environment, and potentially back to 
the surface to fully characterize the entire life cycle of 
water molecules at the Moon.  

Orbit requirements: The SOLVENT concept can 
be adapted to a broad range of opportunities, as there is 
now significant evidence for water or OH at all lunar 
latitudes and longitudes, and all orbits provide oppor-
tunities to observe the surface near the terminators, 
where there is evidence for diurnal variability. Polar 
orbit at relatively high altitude (e.g., 100-200 km) 

would provide an ideal platform to access the entire 
surface of the Moon at all local times. 

 
Fig. 4: LOUVE will measure OH above the surface 
from direct release and from photolysis of water. 
The figure shows prompt and fluorescent emission 
from OH and CS in 9P/Tempel 1 after the Deep Impact 
experiment, observed by the GALEX mission [5]. The 
distribution and variability in OH at the Moon will 
measure the rate of UV photolysis and loss from the 
Moon. 
 

Resource requirements: GSFC has recently con-
ducted a design exercise for a sub-millimeter instru-
ment suitable to accomplish SOLVE goals, including a 
telescope, calibration mechanisms, and all electronics 
within a total mass of 8-10 kg, requiring 28W in full 
operation. Small near-IR spectrometers suitable to ful-
fill the role of HOHM have been developed at GSFC 
and deployed on multiple previous missions (e.g., 
OSIRIS-REx), with mass including telescope of order 
5 kg and power of order 5W. Similar mature UV in-
struments exist for LOUVE (e.g., LADEE UVS) with 
mass ~5 kg and 5W power. Total instrument mass thus 
is about 18-20 kg with instrument power requiring 
38W for simultaneous operation. Additional mass is 
required for self-contained pointing and telemetry if 
these services are not available from the support plat-
form. 
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