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Introduction: A Trojan Tour and Rendezvous
mission was specifically targeted by the 2011 Plane-
tary Decadal Survey Committee as a high priority mis-
sion for the New Frontiers program.

Trapped in stable orbits around Jupiter's L4 and L5
Lagrange points, the Trojan asteroids 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 aster-
oid belt and then migrated outwards to L4 and LS 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 Tro-
jan asteroids will provide a window into the dynamical
history of the early solar system. To date, no spacecraft
mission has ever visited a Trojan asteroid.

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 to determine the
most appropriate technologies for the highest scientific
return. This presentation will discuss the unique capa-
bilities of high heritage gamma ray and neutron spec-
trometers for determining the surface and subsurface
composition of Trojan asteroids. Unlike IR or X-ray
observations, the penetrating nature of gamma rays and
high-energy neutrons allows us to probe 30-50 cm be-
low the surface of a planetary body without making
contact with it. These bulk composition 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 are readily
available.

Trojan Composition Models: If Trojan asteroids
formed far out in the Kuiper belt, they may consist
largely of ice covered by a thin refractory lag deposit
formed after sunward migration. This hypothesis could
be tested with instruments that can determine if there
are indeed stable volatile species trapped below the
surface.

Based on thermal infrared spectra of the largest
Trojans obtained with the Spitzer space telescope, it
has recently been suggested that the surfaces of these
Trojans may consist of fine ground silicates suspended
in an IR transparent matrix such as salt [1, 2].

A gamma ray/neutron instrument package can de-
tect subsurface volatile reservoirs as well as surface
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Figure 1. Fast/Thermal neutron ratio for two different ice
cores, ammonia (NH3;) and carbon dioxide (CO,), and for
two different burial depths, 10 and 20 c¢cm, compared to a
pure soil composition

salt lags. We will present the results of Monte Carlo N-
Particle eXtended (MCNPX) [3] 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 [4]) at a 50 km altitude above a 120 km diameter
spherical Trojan asteroid. For these preliminary simu-
lations we have used a 1 particle/cm®s GCR flux.
(Our final presentation will include simulation results
scaled to the GCR flux expected at 5 AU.)

Measuring Subsurface Volatiles: As described in
a recent review of Kuiper belt object composition [5],
for objects the size of a Trojan asteroid, the most stable

s
410x10° T T T T T T

5 = :
aos|- 1951 keV ]

Counts

| - L 1 s 1
1950 1960 1970

Energy (keV)
Figure 2. Gamma ray spectrometers are very sensitive to
chlorine! The Mars Odyssey GRS measured Cl abundance
was 0.49% +0.3%. The GRS spectrum above shows strong
Cl and Ca lines, demonstrating a gamma ray spectrometer’s
ability to detect salts. The peaks are from Ca(n,y at 1942
keV and two Cl(n, y) lines at 1951 and 1959 keV. [6]



species besides HO will be CO,, H,S and CH4. NH;
may also be found if the object was formed at a suffi-
ciently great distance (>30 AU). Only gamma ray and
neutron instruments can conduct this kind of measure-
ment remotely via subsurface detection of specific
elements such as C, O, N, S and H. We will use
MCNPX computer simulations to study the ability of
gamma ray and neutron instruments to characterize the
composition and depth of ices that may be buried be-
neath a thin outer layer of chondritic material.

Through computer simulations, we will demon-
strate that gamma ray/neutron instruments can easily
detect subsurface water ice. We will also study the
ability to differentiate between water ice and other
ices. For example, computer simulations were run for
three elemental composition configurations for this
asteroid: 1) a basic CI chondritic composition; 2) a
two-layer model with NH; buried under 5, 10 and 20
cm thick layers of chondritic soil; and 3) another two-
layer model with CO, buried under 10 and 20 cm thick
layers of chondritic soil.

Gamma Ray Spectrometer Results: Measurement
of the count rates for gamma ray lines at energies char-
acteristic of specific isotopes provides the bulk ele-
mental composition of the asteroid material. Thus our
simulation results reflect the composition of the aster-
oid. We also ran computer simulations to study how
nitrogen and carbon gamma ray count rates would vary
for CO, and NHj buried at different depths below the
asteroid’s surface. We find that 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 are quite sen-
sitive to depth for both nitrogen and carbon.

Neutron Measurements: Neutron measurements
may also provide sensitive detection of subsurface ices
and identification of ice type and burial depth. The
ratio of fast neutrons (E>0.1 MeV) to thermal neutrons
(E<0.04 eV) is especially diagnostic. Figure 1 shows
how this ratio may vary with the burial depth and the
type of ice below the surface. Thermal neutrons are
depressed in the presence of nitrogen because of a
large resonance in the "*N(n,p)'*C reaction near 3 eV.
CO,, on the other hand, thermalizes neutrons effective-
ly, but has a low capture cross-section resulting in an
enhanced thermal neutron flux. The ratios in Figure 1
reflect these differences. The fast/thermal neutron ra-
tio, especially when used in conjunction with the
gamma ray data, may prove to be very useful for de-
tecting these trapped subsurface volatiles.

Measuring IR-Absorbing Materials in a Salt
Matrix: A gamma ray spectrometer can easily detect a
halite salt matrix on the surface of the Trojan asteroid,
since chlorine has a very high cross-section for gamma

ray-producing neutron capture reactions. To illustrate
this point, Figure 2 shows strong Cl and Ca lines in
Mars Odyssey GRS spectra [5]. Yang ef al. [1] present
both IR radiative transfer calculations and experi-
mental emissivity results verifying that a ~90 wt. %
salt (halite) matrix containing 2-10 wt. % IR absorber
(e.g. carbon or iron) and 1-5 wt. % fine-grained sili-
cates produces infrared emission consistent with meas-
urements from Trojan asteroids. Compositional charac-
terization of the absorber and silica grains suspended
in it may also be possible although the high chlorine
cross-section will suppress the iron and silicon signals.
We will perform computer simulations of the gamma
ray spectrometer’s ability to measure the composition
of the salt matrix and will concentrate efforts to deter-
mine the sensitivity level for detection of a small
amount of iron, carbon and silicon that may be embed-
ded in the salt.

Conclusions: Preliminary simulation results indi-
cate that there may be effective methods for detecting
subsurface CO, and NH; on Trojan asteroids using
gamma ray and neutron instruments. These technolo-
gies are also effective in determining whether large salt
deposits exist on Trojan asteroids.

We will continue to study the use of these instru-
ments as we refine our simulations. The results of the-
se refined simulations will be presented, providing
quantitative estimates of expected gamma ray and neu-
tron fluxes from a Trojan asteroid so that the required
observation times can be determined for the detection
of specific elements at specific altitudes and observa-
tion times. This will permit an informed evaluation of
the trade space between cost/engineering feasibility
and scientific return.

The potential contributions of these high energy
instrument technologies to the study of Trojan aster-
oids is thus compelling and is worthy of greater study
as the scientific community continues to develop Tro-
jan Tour and Rendezvous Mission concepts.
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