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Introduction:  Prompt Gamma Ray Activation 

Analysis (PGAA) from neutron capture is an important 
experimental method that yields information on the 
elemental abundance of target materials.  Gamma ray 
analysis has been used in planetary exploration mis-
sions by taking advantage of the production of neu-
trons as a result of Galactic Cosmic Ray interaction 
within the planetary surfaces.  The gamma ray signal 
that can be obtained from the GCR production of neu-
trons is very low, so we seek a superior neutron 
source.  NASA’s Project Prometheus and the Dept. of 
Energy aim to develop a nuclear power system for 
planetary exploration.  This provides us with a tre-
mendous opportunity to harness the reactor as a source 
of neutrons that can be used for PGAA.  As sketched 
in figure 1, we envision a narrow stream of neutrons 
from the reactor directed toward the surface of an as-
teroid or comet producing the prompt gamma ray sig-
nal for analysis.  Under ideal conditions of neutron 
flux and spacecraft orbit, both the signal strength and 
the spatial resolution will improved by several orders 
of magnitude over  previously missions[1,2]. 

 
Science and missions:  The NEAR mission to the 

asteroid Eros and the Mars Odyssey (MO) mission are 
two examples of remote sensing success stories.  For 
both these missions, the gamma ray signal depended 
on the low intensity Galactic Cosmic Ray source.  A 
Chiron instrument onboard a nuclear-powered space-
craft would be a major improvement in remote sensing 
by taking rapid PGAA, a powerful analytical method, 
out of the laboratory and into space.  The signal would 
be orders of magnitude greater than NEAR or MO 
with spatial resolution in the 400 meter range for most 
elements of interest.  The target missions are those to 
the near earth asteroids, main belt asteroids, comets 
and Edgeworth-Kuiper belt objects. This is scientifi-
cally important because the composition of minerals, 
organics and water on small bodies in the Solar system 
is still a mystery.  The ability to map elemental distri-
bution of these objects on a small scale will tremen-
dously enhance our understanding of how these bodies 
formed, and thus, the processes that controlled their 
production at the origin of the Solar system. 

 
Signal:  The final reactor for Prometheus is being 

studied with several competing designs under consid-
eration.  For the purpose of making estimates of the 
signal that can be achieved, we use the SAFE-400 de-
sign described by Posten[3].  Using the suggested peak 
core power density in his proposed reactor design of 
57 W cm-3 and the average energy released of 200 
MeV with 2.5 neutrons created per fission, we derive 
the neutron production rate of approximately 4.4 X 
1012 cm-3 s-1.  The core dimensions are cylindrical with 
56 cm length and 25 cm diameter leading to a volume 
of 2.7 x 104 cm3 and neutron production rate of 1.2 x 
1017 s-1.  If we conservatively assume that 10% of the 
neutrons escape the core, the neutron flux at the core 
wall will be 2.3 x 1012 cm-2 s-1.  Transmission of a 
thermal gas through a narrow angular aperture goes as 
(θ/2)2, thus for a 10° neutron beam with a 100 cm2 
beamline cross section, the neutron current on the tar-
get surface will be 1.7 x 1012 s-1 . 

The measured signal depends on the capture cross 
sections and gamma ray yield from the target surface 
as well as the size of the detector and distance from the 
target.  On a Prometheus spacecraft, where mass limi-
tations are not as tight as on conventional spacecraft, 

Figure 1 Sketch of the Chiron instrument concept.  Neu-
trons from the reactor are collimated and directed toward the 
target.  An onboard gamma ray detector measures the return 
signal and maps the elemental composition of the target 
body. 
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the detector could be many times larger than flown on 
the NEAR or MO missions, affording to a detector 
aperture size of 1200 cm2.  The NEAR spacecraft had 
an orbital altitude at Eros as low as 5 km[4].  We an-
ticipate that 2 km distances from target asteroids can 
be achieved with nuclear electric propulsion (forma-
tion flying); the necessary power will be available and 
the touchdown of NEAR on Eros demonstrated the 
feasibility of remote and autonomous control of the 
spacecraft for such delicate maneuvers.  At this dis-
tance, the solid angle subtended by the detector is 
3 x 10-8 ster.  In Table 1, we estimate the signal from a 
class CM carbonaceous chondrite type asteroid[5].  
We use the above estimated neutron flux, detector 
solid angle, the thermal neutron capture cross sec-
tions[6] for the individual elements and the gamma ray 
yield for the strongest line or doublet in each element.  
Included in the calculation is an attenuation factor of 
50% for gamma ray losses in the target. 

 

 
 
Conclusions:  Our preliminary estimates demon-

strate the possibility of a remote sensing prompt 
gamma ray activation analysis instrument using neu-
trons from a space fission reactor.  We have a grant to 
improve these estimates by modeling the neutron 
transport from the reactor through the neutron beam-
line.  We use the putative reactor design described by 
Poston and will modify the model as the design 

evolves.  We will determine the spectrum of the neu-
tron beam leaving the reactor beam port using the 
MCNPX computer code[7] and devise a suitable mod-
erator to modify the neutron beam spectrum, so that 
the beam may be optimized thermally. 
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Element % Mass Signal [1/s] 
H 1.4 520 
B 0.000048 <<1 
C 2.2 0.5 
N 0.152 0.3 
O 43.2 0.6 

Na 0.39 9.3 
Mg 11.5 17 
Al 1.13 2.9 
Si 12.7 56 
P 0.103 0.3 
S 2.7 33 
Cl 0.043 12 
K 0.037 0.9 
Ca 1.29 13 
Ti 0.055 64 
Cr 0.305 87 
Mn 0.165 5.5 
Fe 21.3 550 
Ni 1.23 37 

Table 1: The estimated signal, in counts per second, for 
Chiron observing a class CM carbonaceous chondrite 
type asteroid.   
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