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Representative Candidates for LunarCube Missions 
Candidates Lunar Water Distribution Lunar Polar Impact Outflow ROLLS Pathfinder 
Concept Nature of water components 

and their distribution 
Measure ion, plasma, dust, volatile outflow 
after impact 

Radio astronomy and imaging of solar radio 
bursts below terrestrial cutoff (10MHz) 
pathfinder 

Type of 
Measurements, 
Instrument(s), 
Heritage 

Near IR, 1 to 4 microns, .01 
micron spectral resolution (240  
8-bit channels), SNR 10dB,  
detection of features 
(wavelength, band center and 
width) associated with water 
type and component, imaging 
not required. Super compact 
NIR spectrometer with 
cryocooler. 

1) Low E ion analyzer being developed for 
CubeSat (Mariner 2 ion spectrometer, AMPTE 
IRM, CATS MEMS 0-30 KeV electrostatic 
optics; 2) ULF electric field and plasma density 
DC to 20kHz (electric field .2 mV/M) plus 
optional Langmuir probes (Dynamic Ionosphere 
CubeSat Experiment); 3) UV spectrometer 
(LADEE UV spectrometer), 150-400nm, .5 nm 
spectral resolution 

Radio receiver/riometer, 1 to 10 MHz (Lazio 
et al, Advances in Space Research 48, 
1942-1957, 2011). supported by !"#$%&
"'(!%)%*+&")(,))"-'.&/&0$!,&%1&234&*&
(%("5&5,)6(7&%!&5,''8&")(,))"&#,95%+,!8&
9!,"*98&:;<8&#"("&'(%!"6,8&#%0)5$)=&
")(,))"&")#&>%)(!%55,!8&(7,!*"5&'+'(,*8&
9%0,!&'+'(,*8&'%5"!&"!!"+'8&7%?'$)6@&
A?B',C?,)(&D,!'$%)'&%1&EFGAA&"!,&
")($>$9"(,#' 

Resources 2 kg, 2W, <2U, <10 mbits/day 1) <1 kg, <1W, <1U; 2) <1W, 1U stowed (2 10-
m wire booms for plasma, 2 8-cm booms for 
Langmuir), 1kg; 3) 2kg, 3W, 4U.  

4 kg, 5W, additional peak power for one-time 
antenna deployment, periodic data downlink. 
1U, data volume could be reduced to <100 
bits per sec.  Desirable: higher datarate. 

Operation 
Location, 
Modes, Duration 

lunar orbit; minimum 9 (3 
latitudes x 3 times of day) 
measurements/day for three 
lunar cycles, 6 month baseline. 

Operating on limited (10% duty cycle in cis-
lunar space, 100% duty cycle on ‘last leg’ 
capture by Moon’s gravitation field until impact 
polar crater baseline. Desirable: fly small 
‘swarm’ to generate greater detectable signal to 
be seen remotely. <hours for ‘last leg’. 

Lunar surface, nearside, near lunar equator. 
Survive at least one diurnal cycle (baseline), 
multiple cycles through several duty cycles 
desirable. Data collection and downlink 
modes.  

Tall Poles, 
Special Needs 

Optics, temperature monitored, 
nominal operation 150K via 
passive thermal.  In-space 
propulsion. Protect windows 
from contamination. Comm 
drives pointing requirements. 

Greater Volume required than 6U. 
Electromagnetic shielding. Nominal operation 
-50 to 50 degrees C with knowledge of 
temperature. Comm not science drives pointing 
requirements. 

Thermal: surviving lunar night. Deployment 
of antenna. baseline single low mass wire.  
Desirable: tens of meters of polyimide 
antenna perhaps using 1D solar sail 
deployment mechanisms. 
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Why CubeSats for Deep Space 
Funding is declining, costs increasing for conventional planetary exploration. 
Very low-cost CubeSat model now significant in LEO, evolving from 
standardized kits to science-driven, multi-institutional, multi-platform, second 
generation standardized platforms. 
NSF and NASA subsidized use in academia has created ‘hands on’ 
experience for this generation of students. 
Interest in this approach for deep space applications growing rapidly (4th 
International Workshop on Lunarcubes October, 2014). 
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"4%!Z:!K'5)1/0!PK6B/!

What do we mean by LunarCubes? 
 
GSFC, WFF, and collaborators (See 6U Layout) are: 

examining use of analogous framework for access to deep space, supporting 
representative cross-section of lunar, Mars, and other applications at varying 
degrees of difficulty (flyby, probe, orbiter, lander) 
 
Incorporating science concepts and requirements framework,  

identifying modifications and new technology needed to support a science-
driven deep space model, 

designing a deep space prototype bus, and prototype for a candidate mission 
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High priority science-driven goal: determine 
nature of lunar water and water component 
distribution as function of time of day, latitude, 
and surface composition 
Compact Instrument with cryocooler 
assembly: Broadband IR Spectrometer 
inclusive of 1.3 to 3.7 micron range 
(maintaining detector@140K, instrument 
package@240K),10 nm spectral resolution, 
sensitive to numerous water related and 
mineral features. 
Heritage: OSIRIS-REX OVIRS 
Mass/Power/Volume: 2 kg, 7W, <2U 
Data Downlink: 10 kbs@20 minutes/day 
Pointing: Control spot size to 10 km at 
altitudes varying from 100 to 200 km with 
adjustable iris, km-scale pointing knowledge, 
0.1 km-scale accuracy.  
Operation: Repeat coverage of same spot @ 
6 times of day (once per lunar cycle) over 6 
month mission. High inclination, equatorial 
periapsis. 
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Mission Trajectory for 6 month mission 
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Some Deep Space Science Cubesat Missions Under Development 
Target(s) Description Payload Example 
Moon, Asteroids, 
Mars 

LWaDi (Lunar Water Distribution 
orbiter. Volatile forms and 
components systematics) 

broadband IR cryocooled.  GSFC (Clark et al) 

Moon, Asteroids Lunar Flashlight orbiter. (Surface 
ices in permanently shadowed 
‘cold traps’) 

NIR instrument.  JPL (Staehle et al) 

Moon Magnetic Swirl Anomaly 
impactor  

Magnetometer.  UCSC (Garrick-
Bethel et al) 

Moon, asteroids Cold Trap Characterization 
Impactor Series.  

Imager, dust detector, NIR and 
neutron spectrometers.  

U Hawaii (Hermalyn 
et al) 

Moon, asteroids, 
Maras  

Polar Crater Impact Environment 
Impactor Series.  

ion spectrometer, plasma wave 
detector, UV spectrometer. 

GSFC (Farrell et al) 

Moon, Mars, 
Mercury 

Surface Geophysical Network 
with impactor(s).  

Geophone network followed by 
impactor 

Modified by Clark 
from UND (Neal et 
al) 

Moon, asteroids, 
Mars, Mercury 

Surface Environmental Network.  photometer, neutral/mobile ion 
mass spec, particle analyzers, 
fields, dust, radiation detectors 

GSFC (Clark et al) 

Moon Large aperture low frequency 
radio Surface Network. Solar 
radio bursts, early universe 
studies  

radio astronomy receiver, 
riometer, deployable antennas 

GSFC (MacDowall et 
al) JPL (Lazio et al) 

Moon, asteroids, 
Mars, Mercury 

In Situ Surface/Sample 
Characterization via mobile 
robotic/human deployables.  

‘Noses’ on chips or wires, next 
gen Combined XRF/XRD, mass 
spec, chromatography 

Concepts requiring no 
sample handling 
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