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Introduction:  Trapped in stable orbits around 

Jupiter's L4 and L5 Lagrange points, the Trojan aster-
oids are positioned right at the boundary between the 
inner and the outer solar system. The history of these 
bodies is unknown: were they formed at the outer 
edges of the main asteroid belt and then migrated out-
wards to L4 and L5 or were they formed in the Kuiper 
belt and then migrated inwards before being captured 
at L4 and L5? Studying the compositional and physical 
properties of these Trojan asteroids will provide a win-
dow into the dynamical history of the early solar sys-
tem as well as information about what might be some 
of the solar system's most primitive bodies. To date, no 
spacecraft mission has ever visited a Trojan asteroid, 
but the scientific return of such a Trojan Tour and 
Rendezvous mission is so great that it was specifically 
targeted by the 2011 Planetary Decadal Survey Com-
mittee as one of the highest priority missions for the 
New Frontiers program. 

As the scientific community studies different Tro-
jan asteroid mission architectures and instrument 
suites, it is important that a variety of high heritage 
instrument technologies be considered so that the mis-
sion payload utilizes the most appropriate technologies 
for the highest scientific return.  In this presentation we 
will demonstrate the unique capabilities of high heri-
tage gamma ray and neutron spectrometers for deter-
mining the surface and subsurface composition of Tro-
jan asteroids. Specifically, we will use MCNPX com-
puter simulations to study the ability of these instru-
ments to characterize the composition and depth of 
ices that may be buried beneath a thin outer layer of 
chondritic material. Unlike IR or X-ray observations, 
the penetrating nature of gamma rays and high-energy 
neutrons allows scientists to probe 30-50 cm below the 
surface of a planetary body without making contact 
with it. These measurements can thus be made using 
remote sensing instruments from a low altitude (~50 
km) orbit above the asteroid. Similar instruments have 
been successfully flown on previous missions such as 
Mars Odyssey, NEAR, and MESSENGER, so high 
heritage designs can be readily obtained. 

 
Important Trojan Scientific Measurements:  

Because Trojan asteroids may have been formed far 
out in the Kuiper belt, they may consist largely of ice 
that was covered by a thin regolith layer as the objects 
moved inward into the solar system.  It is thus impor-
tant that a Trojan Rendezvous mission contain instru-

ments that can determine if there are indeed stable 
volatile species trapped below the surface. As de-
scribed in a recent review of Kuiper belt objects com-
position [1], for objects the size of a Trojan asteroid, 
the most stable species besides H2O will be CO2, H2S 
and CH4. NH3 may also be found if the object was 
formed at a sufficiently great distances (>30 AU). To 
substantiate the possible Kuiper belt origin of Trojan 
asteroids, it is therefore important to look for indica-
tions that specific elements such as C, O, N, S and H 
are buried beneath the surface. Only gamma ray and 
neutron instruments are capable of this kind of meas-
urement. 

 

 

 
Figure 1a,b: Simulated gamma ray line count rates 
for the three asteroid composition models: a) two 
nitrogen gamma ray peaks and b) two carbon gamma 
ray peaks. 

 
Trojan Asteroid Simulations. The discussion that 

follows is based on the results of Monte Carlo N-
Particle extended (MCNPX)[2] computer simulations 
of neutron flux ratios and gamma ray count rates 
measured by a 6.7 cm tall, 6.7 cm dia. HPGe gamma 
ray spectrometer (the same size as the Mars Odyssey 
GRS [3]) at a 50 km altitude above a 120 km diameter 
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spherical Trojan asteroid. While the true excitation 
source is the Galactic Cosmic Ray (GCR) flux out at 5 
AU, for these preliminary simulations we used a 1 par-
ticle/cm2/s GCR flux, which is closer to the average 
GCR flux at 1 AU.  Since these simulation results scale 
linearly with the input GCR rate, the results for meas-
urements at 5 AU can be easily calculated once the 5 
AU GCR flux is estimated. Our final presentation will 
be based on simulation results scaled to a more accu-
rate 5 AU GCR flux. Since these preliminary qualita-
tive results are used to illustrate the best methods for 
the detection of subsurface CO2 and NH3, our use of a 
less accurate GCR input flux causes no problems. 

Computer simulations were run for three elemental 
composition configurations for this asteroid: 1) a basic 
CI chondritic composition; 2) a two-layer model with 
NH3 buried under 5, 10 and 20 cm thick layers of 
chondritic soil; and 3) another two-layer model with 
CO2 buried under 10 and 20 cm thick layers of chon-
dritic soil. 

 
Gamma Ray Spectrometer Results:  Measure-

ment of the count rates for gamma ray lines at energies 
characteristic of specific isotopes provides the bulk 
elemental composition of the asteroid material. Thus 
our simulation results reflect the composition of the 
asteroid. We also ran computer simulations to study 
how nitrogen and carbon gamma ray count rates would 
vary for CO2 and NH3 buried at different depths below 
the asteroid’s surface. Figure 1 provides plots of simu-
lated gamma ray count rates for two nitrogen (1a) and 
two carbon (1b) gamma ray peaks for each of the lay-
ering models. While the gamma ray count rates from 
the inelastic scattering process are not very sensitive to 
burial depth for either element, the thermal neutron 
capture line count rates seem quite sensitive to depth 
for both nitrogen and carbon. 

 
Neutron Measurements: If Trojan asteroids have 

a significant icy component below the surface, neutron 
measurements may also be an excellent way to identify 
ice type and burial depth. The ratio of fast neutrons 
(E>0.1 MeV) to thermal neutrons (E<0.04 eV) may be 
especially diagnostic. Figure 2 shows how this ratio 
may vary depending on the burial depth and the type of 
ice below the surface.  Thermal neutrons are depressed 
in the presence of nitrogen because of a large reso-
nance in the 14N(n,p)14C reaction near 3 eV.   CO2, on 
the other hand, is excellent at thermalizing neutrons, 
but has a low capture cross section resulting in an en-
hanced thermal neutron flux. The ratios in Figure 2 
reflect these differences. The fast/thermal neutron ra-
tio, especially when used in conjunction with the 

gamma ray data, may prove to be a very useful means 
for detecting these trapped subsurface volatiles. 

 
Conclusions: Preliminary simulation results indi-

cate that there may be effective methods for detecting 
subsurface CO2 and NH3 on Trojan asteroids using 
gamma ray and neutron instruments. We will continue 
to study the use of these methods as we refine our 
simulations. The results of these refined simulations 
will be presented, providing quantitative estimates of 
expected gamma ray and neutron fluxes from a Trojan 
asteroid so that the required observation times can be 
determined for the detection of specific elements. It is 
crucial to know the expected element sensitivities at 
specific altitudes and observation times to provide a 
trade space between cost/engineering feasibility and 
scientific return. These simulations permit an informed 
evaluation of this trade space to produce the optimal 
mission concept for the highest scientific return given 
the resource constraints. 

 The potential contributions of these high energy 
instrument technologies to the study of Trojan aster-
oids is thus quite compelling and is worthy of greater 
study as the scientific community continues to develop 
their Trojan Tour and Rendezvous Mission concepts.  
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Figure 2.  Fast/Thermal neutron ratio for two different ice 
cores, ammonia (NH3) and carbon dioxide (CO2), and for two 
different burial depths, 10 and 20 cm, compared to a pure soil 
composition. 
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