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Introduction: Optical absorption measurements ac-
quired by multiple instruments have demonstrated the 
presence of OH/H2O at the lunar surface [1, 2, 3], and 
perhaps the most intriguing aspect of these observa-
tions is the indication that OH/H2O is gained/lost by 
regolith over the course of a lunar day [3, 4, 5]. Key 
questions remain as to the form of this water (OH or 
H2O), the rate and amount of ‘water’ that is lost, and 
the physical processes that drive these apparent chang-
es in surface hydration. Here we describe a small, cost-
effective instrument that can be used to directly meas-
ure the form and abundance of water cycled in the lu-
nar regolith. The Lunar Laser Surface Solar Occulta-
tion (LLSSO) instrument is a laser heterodyne radiom-
eter [6, 7] that uses recently available interband cas-
cade laser technology [8, 9] to detect the presence of 
water resources that are cycled from the lunar surface. 

As an instrument on a lunar lander and/or rover, 
LLSSO is a remote sensor designed to indicate the 
presence of OH/H2O (hereafter, “water”). LLSSO ad-
dresses Strategic Knowledge Gaps (SKGs) that evalu-
ate surficial water as a lunar resource, including the 
distribution, mobility and abundance of water on the 
lunar surface. LLSSO aims to detect water molecules 
present near lunar regolith throughout the lunar day 
[10, 11]. LLSSO measures occultation of solar light in 
the 2.6 to 2.9 µm wavelength range by water vapor 
columns along a line of sight from a landed detector to 
the Sun (Figure 1).  

  Figure 1: Schematic of solar occultation by water 
released from the lunar surface to LLSSO detector 
attached to host lander. 

 
Objectives: As an instrument on a lunar lander, 

LLSSO is designed to provide low-cost, in-situ con-
firmation of diurnal release of water in specific lunar 
locations, and conduct temporal measurements of re-
lease of volatile lunar water throughout a lunar daily 
transport cycle. The sensitivity of the LLSSO instru-
ment is designed to provide a signal above noise 
threshold for relatively low detection levels of wa-
ter/hydroxyl molecules in a column above the lunar 
surface expected in lunar landing sites [3, 4, 12, 13]. 
The engineering performance of LLSSO is designed to 
detect water column densities at lower threshold levels 

approaching 150ppm-m (or lower, depending on vapor 
temperature). This low threshold necessitates the ap-
plication of laser heterodyne spectroscopy within the 
2.6 to 2.9 µm wavelength region to detect optical ab-
sorption of solar light by water using a sensitive, tuned 
detector aimed at the sun across the lunar surface. 
LLSSO is designed to periodically power on through-
put the lunar day to detect absorption levels, and re-
main in a dormant state between observations. A nom-
inal mission would place the LLSSO instrument on a 
single location near the lunar surface to capture the 
solar transit from the lunar dawn to sunset. (Figure 2).  

 
Figure 2: Orientation of LLSSO solar occultation 

tracker showing articulation at solar dawn, mid-day, 
solar sunset. 

 
Background: The conceptual design, laboratory 

development and initial tests of an applied Laser Het-
erodyne Radiometry (LHR) technique suitable for in-
tegration with a lunar lander stems from work com-
pleted on precision heterodyne spectrometry by team 
members at Mesa Photonics [14]. Optical heterodyne 
methods are similar to their electronic counterparts 
used in radio and television, among other applications 
and were pioneered by NASA researchers beginning in 
the 1970’s. Incoming light is combined with light from 
a narrow-band laser source (the local oscillator or LO) 
on a photodetector. The detector output will contain 
AC electronic signals at the (optical) difference fre-
quencies. Heterodyne signals are proportional to the 
solar spectrum at the LO wavelength, when the LO 
coincides with an optical absorbance, the heterodyne 
signal intensity will drop by an amount proportional to 
the absorbance.  
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Figure 3: Prototype LLSSO Engineering Test arti-

cle block diagram with lander host interfaces (instru-
ment data, command, control, power). 

 
Engineering Tests: An engineering prototype of 

LLSSO is being designed and constructed for testing. 
The current LLSSO design is composed of seven com-
ponents that together provide an end-to-end water va-
por detector on an integrated platform, shown in Figure 
3. These components include an interband cascade 
laser tuned within a selected range between 2.6 and 2.9 
µm, solar tracker, telescope, detector, power supply 
(required for standalone operations), an integrated data 
collection, storage and distribution unit and a com-
mand and control unit with an data and power control 
interface to the host lander.  

In planned tests, sunlight and laser light are com-
bined onto a detector, where the detector outputs rf 
power at the difference frequencies between the laser 
optical frequency and the adjacent solar spectrum. Op-
tical absorption by gases in the line of sight to the sun 
are detected as reductions in the rf power as the laser 
wavelength is varied. The interband cascade laser used 
in LLSSO will likely have different noise characteris-
tics from lasers—such as CO2, InGaAsP, and quantum 
cascade—that have been used successfully in previous 
LHR instruments.  Detection of lunar OH/H2O requires 
using this type of laser that has the needed sensitivity 
at 2.6 and 2.9 µm, and has yet to be demonstrated in a 
heterodyne spectrometer. The prototype LLSSO is 
expected to undergo testing at Brown University using 
a controlled environment with a known amount of wa-
ter vapor under high vacuum conditions. Tests on the 
LLSSO mid-infrared configuration in 2019 are ex-
pected to validate the sensitivity and precision of the 
instrument package for lunar water detection at levels 
expected on a range of lunar landscapes. LLSSO is 
planned to be available for integration with commer-
cial lunar landers in 2020.  

Mission Design: During the testing timeframe, our 
team will integrate data acquired by previous and cur-
rent lunar instruments (e.g., terrain models and near-IR 
Moon Mineralogy Mapper data) to model likely values 
of water vapor concentrations in prospective high-
value landing sites, including areas that contain pyro-
clastic deposits (e. g., Sulpicius Gallus, Aristarchus 
Plateau, Rima Bode) [15], mature soil locations of var-
iable water/hydroxyl concentrations (Plato), and cra-

ters with volatile signatures (central peaks of Coperni-
cus, Bulliadus).  

Engineering Specifications: The engineering de-
sign model of the landed LLSSO instrument includes 
2U Cubesat volume, 2 kg. of integrated laser, optics, 
communications and power supply, with lander re-
quirements of 20W power (LLSSO on) and 1W 
(LLSSO in standby dormant state).  

Potential Evolution of LLSSO: LLSSO is ex-
pected to undergo value engineering in 2020-21 to 
provide an integrated instrument of less than 1U Cu-
besat volume, low-mass laser and optics, and tuned 
laser frequencies capable to discriminate H2O from 
OH Hydroxyl. LLSSO is suited for multiple deploy-
ments. In distributed configurations, multiple LLSSO 
instruments would be designed for coordinated meas-
urements across a three-dimensional landscape and 
deployed across the lunar surface to measure the col-
umn of water / hydroxyl vapor with reflectors from 
different azimuth locations (Figure 4).   

 Figure 4: Notional combination of multiple, distribut-
ed LLSSO instruments combining absorption pathways 
across irregular lunar surface topography. 
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