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Introduction:  One major hazard for human space 
exploration is that humans receive radiation doses that 
are much higher than on Earth [1], where we are pro-
tected from highenergy Galactic Cosmic Rays (GCRs) 
by our thick atmosphere. On bodies with no or only 
very thin atmospheres (e.g., the moon or Mars), inte-
ractions of these GCRs with the nuclei of the soil 
create secondary particles, such as neutrons, yielding 
an intense radiation environment of energetic particles. 
Similarly, inside a spacecraft, GCRs will create such a 
radiation field by interacting with the spacecraft mate-
rial [2]. These energetic particles can cause severe 
health effects, such as cataracts or cancer.  

Neutrons, in particular, are a major concern be-
cause shielding against them is hard to accomplish. 
Thus, measuring and understanding the neutron envi-
ronment in interplanetary space and on extraterrestrial 
bodies is of high importance for future space explora-
tion missions. The energy range of the neutron fluxes 
spans orders of magnitude, from below 1 eV (so-called 
'thermal' neutrons) up to several hundred MeV. Of 
special interest for human space flight are neutrons in 
the range of a few hundred keV to a few MeV (called 
'fast' neutrons). These have the highest biological rele-
vance and are the potentially most hazardous neutrons 
for humans. This is expressed in their high radiation 
weighting factor [3]. 

Mini-FND:  SwRI has developed a miniature Fast 
Neutron Detector (mini-FND), based on MSL/RAD [4] 
and ISS/RAD heritage, for use in the Deep Space 
Gateway, as well as other future lunar, near-Earth as-
teroid and near-Mars space missions to characterize the 
neutron albedo radiation in these environments. Mini-
FND is directly related to the science areas of human 
health and performance, and will provide full coverage 
of the biologically highly relevant neutrons at energies 
of 500 keV and greater, with a mass of only ~1-2 kg. 

Instrument Description:  The mini-FND consists 
of a boron-loaded plastic scintillator (BLP) cube read-
out by a small-size Avalanche photo diode. Fast neu-
trons are detected via double-pulse capture gating as 
employed in the ISS/RAD. Neutrons interact with the 
BLP material, creating recoil pulses and losing energy. 
Once the neutron energy is in the thermal range, it can 
be captured by a boron, creating a second distinct light 
pulse with well-known timing distribution. 
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