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Introduction:  Two of NASA’s highest priority 

technology objectives for space exploration are to de-

velop a sustainable human presence in space beyond 

low Earth orbit, and to explore the evolution of the 

solar system and search for life [1]. Achieving these 

objectives will require future space systems and vehi-

cles to become more independent of Earth by incorpo-

rating intelligent autonomous operations and by taking 

advantage of local resources. For future space missions 

to be self-sufficient, significant technological advances 

must be made in finding, extracting, and processing in-

situ resources in extreme environments.  

Planetary surface resources are usually identified 

and mapped using orbiting spacecraft from an altitude 

of approximately 100 kilometers. Onboard gamma-ray 

and neutron sensors detect gamma-rays and neutrons 

that are emitted when incident background cosmic ra-

diation particles interact with planetary soil. Orbiting 

spacecraft, such as the 1998 Lunar Prospector or the 

2001 Mars Odyssey, have used such instruments to 

produce global maps of the elemental composition of a 

planetary surface.  However, the signal strength that is 

detectable from orbit can only provide resource map-

ping with a spatial resolution of 150 kilometers using 

the best current technology.   

Significant improvements in our scientific under-

standing of planetary formation and evolution would be 

enabled by higher spatial resolution mapping of the 

elemental composition of planetary surfaces. Rather 

than relying on the sporadic presence of background 

cosmic radiation to interact with surface materials to 

generate gamma-rays and neutrons, this paper envi-

sions positioning a compact, stable, high-flux neutron 

source 2 to 3 meters above a planetary surface which 

will provide a strong source of radiation that greatly 

enhances the detection sensitivity. By combining a 

high-flux neutron source with a distributed array of 

gamma-ray and neutron detectors, an above-surface 

“free-flyer” prospecting platform, or even a rover, 

could be used to detect gamma-ray and neutron emis-

sion signals with a spatial resolution as high as 0.1 m. 

The Mars Science Laboratory’s Curiosity rover has 

already demonstrated use of an onboard neutron source 

and detector system, but the MSL rover travels at a 

very slow speed and is not a dedicated to resource pro-

spector. Free-flyers, on the other hand, are faster than 

rovers, and can potentially cover more surface area 

than a rover.  

 In addition, by utilizing a steady state neutron pro-

duction rate of 108 neutrons per second, the neutron 

flux reaching the surface can be increased by a factor 

of ten-thousand times over the neutron flux generated 

by cosmic rays. This will allow greatly improved statis-

tics so that a free-flyer moving at one meter per second 

over the surface will be able to collect data more quick-

ly, and over a much larger area, than is possible using a 

rover, and with several orders of magnitude improve-

ment in resolution over comparable detectors used on 

orbiters.  This technology is applicable to the Moon, 

Mars, asteroids, and the moons of the large gas planets 

in the solar system and provide a means to fill 

knowledge gaps about potential valuable resources. 

Free-flyers will enable the detection of icy volatiles, 

metals, and other elements within a few meters of the 

surface. 

This paper focusses on using a type of free-flyer 

called FERMI (Free-flyers for Exploration and Re-

source Mapping for ISRU) as a means to facilitate re-

source prospecting as quickly as possible and with high 

spatial resolution. This class of free-flyer is intermedi-

ate between the small (sub-kilogram) aerial scouts en-

visioned for Mars or other destinations with an atmos-

phere, and the large (multi-ton) lander/ascent vehicles. 

The FERMI class of free-flyer must be able to carry a 

payload of 10 kilograms or more, which in this case 

includes a compact neutron source and multiple gam-

ma-ray and neutron detectors to prospect for resources 

This new capability will enable the reliable targeting of 

resources for excavation and chemical analysis, and the 

selection of  landing sites that have the greatest value 

for scientific studies and for sustainablility. 
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