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Introduction: The asteroid 16 Psyche is the largest
of the metal asteroids, and is thought to be the exposed
core of a larger differentiated body, or may possibly be
composed of primordial material having accreted from
highly reduced metal-rich material [1]. In the latest
round of NASA Discovery mission proposals, an or-
bital mission to 16 Psyche was selected for a Phase A
study with possible launch in late 2020 [2]. The sci-
ence goals of the Psyche mission include understand-
ing planetary iron cores, examining the interior of a
differentiated body, and exploring a new type of world,
namely a metal planet. A key part of answering the
science goals and objectives of the Psyche mission is
to measure its surface elemental composition. Specific
diagnostic measurements include elemental abundanc-
es of Ni, Fe, Si, K, S, Al, Ca, Th, and U, as well as the
spatial distribution of 16 Psyche’s metal-to-silicate
fraction (or metal fraction).

Planetary nuclear spectroscopy (measurements of
gamma-ray and neutron emissions from a planetary
surface) is ideal for measuring the composition 16
Psyche, which likely has high concentrations of FeNi
metal, and possibly spatially varying amounts of met-
als and silicates. Nuclear spectroscopy is well suited
for such measurements because Fe and Ni produce a
large flux of gamma rays and neutrons, and both
measurables are highly sensitive to varying amounts of
metals and silicates that may be distributed across the
surface of 16 Psyche. Here, we describe the Psyche
Gamma-Ray and Neutron Spectrometer (GRNS) and
discuss the range of possible neutron measurements at
16 Psyche. A companion report describes expected
gamma-ray measurements at 16 Psyche [3].

The Psyche Gamma-Ray and Neutron Spec-
trometer (GRNS): The Psyche GRNS consists of
gamma-ray and neutron sensors that will make com-
prehensive measurements of 16 Psyche’s surface ele-
mental composition. These sensors measure gamma
rays and neutrons created when energetic galactic
cosmic ray (GCR) protons impact the asteroid’s sur-
face. Gamma-ray and neutron spectroscopy has be-
come a standard technique for measuring planetary
surface compositions, having successfully made com-
position measurements of the Moon, Mars, Mercury,
and the asteroids Eros, Vesta, and now Ceres [4-12].

The Psyche GRNS is a high-heritage design based on
the successful MESSENGER GRNS [13] and the Lu-
nar Prospector Neutron Spectrometer (LP-NS)[14].
Specifically, gamma rays are measured with a cry-
ocooled high-purity Ge (HPGe) sensor surrounded by a
borated-plastic anticoincidence shield (ACS). The
ACS serves to both reduce the charged-particle back-
ground in the Ge sensor, and to measure epithermal
(neutron energy, E, between 0.4 ¢V and 500 keV) and
fast neutrons (0.5<E,;<10) as was done on the Lunar
Prospector [14], Mars Odyssey [15], Dawn [16], and
MESSENGER [13] missions. Slow neutrons (£,>0.01
eV) are measured with a *He gas proportional counter
as was done on Lunar Prospector [14].

Planetary Neutron Measurements: GCR-
produced neutrons have proven to be highly diagnostic
of planetary surface compositions and are best used in
conjunction with planetary gamma-ray measurements.
Gamma-ray measurements provide element-specific
information, but with generally poorer statistical preci-
sion. In contrast, neutron measurements are not as
element specific, but have higher statistical precision
and can provide high-fidelity maps of quantitative
composition parameters (including weighted elemental
sums) that can be directly linked to surface elemental
compositions. Specifically, thermal neutrons are sensi-
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Fig. 1. Modeled neutron flux spectra for possible Psyche
surface compositions, ranging from provinces containing
no metal (black) to 100% metal (red and blue). High (30
wt.%, red) and low (2 wt.%, blue) Ni concentrations with-
in the high-metal case are shown.
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tive to the distribution of neutron absorbing elements
(e.g. Fe, Ti, Gd, Sm) across a planetary surface [17-
19], epithermal neutrons are highly sensitive to hydro-
gen concentration [4,6,9,11], and fast neutrons provide
a measure of average atomic mass (<A>) and, together
with thermal neutron data, are useful for identifying
and mapping compositional terranes [19, 20].

Neutron Measurements at 16 Psyche: Planetary
neutron measurements are ideally suited for quantify-
ing and mapping 16 Psyche’s compositional variabil-
ity, and will serve as a robust complement to the ele-
ment-specific gamma-ray measurements [3]. This suit-
ability derives from the large epithermal and fast-
neutron count rates resulting from metal-rich composi-
tions expected for 16 Psyche’s surface, and from the
high sensitivity of all neutron energy ranges to 16 Psy-
che’s metal fraction. Figure 1 shows modeled neutron
spectra for elemental abundances at 16 Psyche, ranging
from provinces comprised of 100% silicates (0% met-
al) to 100% metal, and Ni concentrations within the
metal fraction ranging from 2 wt.% to 30 wt.%. It has
been suggested that the IVA iron meteorites might be a
possible analog for expected materials on Psyche [21].
Thus, IVA iron meteorite phyoxene (bronzite) and
metal (trace elements) were combined (e.g. via meth-
ods of [22]) to produce bulk compositions presented
here. Neutron energy “band-pass filters” (analogous to
visible spectral band-pass filters) for the three neutron
energy ranges are shown in Figure 1. The modeled
fluxes show that slow neutrons are highly diagnostic of
the presence (or absence) of silicate materials. Epi-
thermal and fast neutrons have large count rates at
higher energies (E£,>1 keV), and provide independent
diagnostic information about the metal fraction and Ni
abundance in the metal.

Figures 2 and 3 show modeled count rates [9] for a
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Fig. 2. Modeled count rates for slow and epithermal neutrons
for a range of metal to pyroxene fractions (vol.%, black) and
concentration of Ni in the metal (wt.%, red). The dynamic
range of neutron measurements at the Moon is shown by the
dashed blue box. Count rates for 8 wt.% Ni and 80 vol.% met-
al shown as blue triangle in inset; statistical errors for mapping
are the size of the black data symbols.
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range of metal fractions and Ni concentrations within
the FeNi metal, as would be measured during the Psy-
che mission’s lowest-altitude mapping orbit. Slow neu-
trons (Figure 2) provide a highly sensitive measure of
metal fraction such that low count rates indicate a met-
al-rich surface and high count rates indicate a metal-
poor surface. When slow neutrons are combined with
epithermal and fast neutrons, both the metal fraction
and Ni compositions can be constrained. An example
composition of 8 wt.% Ni and 80 vol.% metal fraction
is shown in Fig. 2. The high count rates and possible
compositional contrast will provide statistically robust
maps of neutron compositional parameters with a spa-
tial resolution comparable to that obtained with the
neutron measurements at Vesta [11,18]. Neutron
measurements combined with gamma-ray elemental
measurements will enable Psyche’s elemental compo-
sition to be comprehensively understood thus allowing
the Psyche mission goals to be met with robust margin.
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Fig. 3. Modeled count rates similar to Figure 2, but for
epithermal versus fast neutrons.



