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Introduction:  In 2026, the Psyche spacecraft will 

begin a detailed orbital exploration of the asteroid 
(16) Psyche. Psyche’s high radar albedo, thermal iner-
tia, and density (~4.5 to 7.6 g cm-3) [1-5] suggest it is 
a metal world, perhaps a remnant protoplanetary 
core stripped of its original crust and mantle follow-
ing one or more hit-and-run impacts [6]. The Psyche 
Gamma-Ray and Neutron Spectrometer (GRNS) [7] 
will characterize the elemental composition of Psy-
che’s near-surface (depth <1 m) materials, with the 
goal of determining the metal-to-silicate ratio, the Ni 
content of the metals, and the nature (chondritic or 
achondritic) of any silicates present at the surface. 

Gamma-ray investigations are common for rock- 
and ice-dominated worlds (e.g. Mercury, the Moon, 
Mars, asteroids 433 Eros, 4 Vesta, and 1 Ceres). Rela-
tive to these objects, Psyche’s metal-rich surface en-
hances fast neutron production, but suppresses neu-
tron moderation [8], resulting in gamma-ray spectra 
with enhanced contributions from neutron inelastic 
scattering and suppressed neutron capture. 

Meteorite Analogs for Psyche: We irradiated 
metal-rich meteorites with neutrons, with the goal of 
examining gamma-ray emissions from Psyche analog 
materials. We measured five meteorites – Campo del 
Cielo (iron), Admire (Pallasite), Gujba (CB Chondrite), 
Indarch (EH Chondrite), and Lamont (Mesosiderite). 
These meteorites have densities consistent with Psy-
che (>4.5 g cm-3), though Psyche’s density includes a 
contribution from an unknown porosity that is not 
present in the meteorites. Our samples were chosen 
for their uniform thickness (~1.5 cm) and large sur-
face area (~400 cm2), which maximize gamma-ray 
production and minimize attenuation corrections. 

We do not propose that any of these meteorites 
are actually from Psyche. Some of our meteorites 
(e.g. mesosiderite) have spectral reflectance features 
not consistent with observations of Psyche. To date, 
the cumulative evidence (density, radar reflectivity, 
and thermal inertia) suggest an iron-meteorite-like 
composition for Psyche, possibly the iron IVAs [9], 
with <10% silicates at the surface [10, 11]. 

Measurements: Our meteorite samples were in-
dividually irradiated with a 252Cf neutron source. 252Cf 
emits neutrons with a full-width at half-maximum 

energy range of 0.08 to 3 MeV (peak at 0.8 MeV). 
This range effectively samples the neutron inelastic 
scattering reactions expected to dominate gamma-
ray production at Psyche [8]. Here we focus on the 1 
to 2 MeV gamma-ray region, where gamma-ray emis-
sions from ~0.5 to 3 MeV neutrons are prominent.  

Our measurements were made with a high-purity 
germanium gamma-ray spectrometer (GRS) with sim-
ilar performance to that expected for the Psyche GRS 
[7]. Meteorites were irradiated for ~72 hours each. 
Figure 1 shows one example of our measured gam-
ma-ray spectra. The spectrum was produced by sub-
tracting background gamma rays from the 252Cf 
source, measured during a sample-free exposure. 

 
Gamma-Ray Production Modeling: Our meas-

urements were modeled using the radiation 
transport code Geant4. The model includes the 
gamma-ray sensor, sample, and neutron source. The 
composition of the samples is from [12] (Campo del 
Cielo) and [13] (others). The geometry of the samples 
and source-sample-detector were manually input. 
The 252Cf neutron energy spectrum of [14] was 
adopted. The model simulated 1.05x109 neutrons, 
equivalent to 2000 seconds of irradiation with our 
252Cf source. The model tallies event-by-event energy 
deposition events in the HPGe. An IDL script coverts 

Figure 1.  Measured (top) and modeled (bottom) gamma-
ray spectra for the Lamont meteorite. Gamma-ray features 
of interest are labeled in red. Lamont was chosen due to its 
strong gamma-ray peaks from all of the elements consid-
ered in this study (red labels denote element-specific peaks). 
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event-by-event tally to an energy spectrum for com-
parison to measurements (Figure 1, bottom panel). 

Project Goals: The activities detailed in this ab-
stract serve multiple purposes in support of the Psy-
che GRNS investigation. This includes:  

Model Benchmarking.  Planetary gamma-ray 
spectroscopy investigations rely on radiation 
transport modeling to convert measured spectra to 
elemental compositions [15]. This project will 
benchmarks those models (e.g. Figure 1). For in-
stance, our models rely on laboratory-measured 
gamma-ray production cross sections. Element-
specific, systematic discrepancies between our meas-
urements and models may reveal problems with the 
cross section libraries that need to be corrected to 
ensure accurate analysis of Psyche GRNS data.  

Enhancing the Psyche GRNS Investigation.  Inter-
pretation of the meteorite spectra can inform us 
about new (beyond baseline) information that might 
be obtained using Psyche GRNS measurements. For 
instance, Figure 2 indicates that Mg concentrations 
can discriminate between different processes that 
might have occurred on Psyche, and we see Mg 
gamma-ray peaks in our measurements (Figure 1). 
Psyche GRNS is not required to measure Mg; we are 
investigating if it is possible with the current instru-
ment configuration and performance. 

Meteorite “Whole-Rock” Composition Data.  A 
comparison of Psyche GRNS-derived composition 
data to meteorite compositions may aid our under-
standing of Psyche’s formation and evolution (e.g., 
Figure 2). Such comparisons require accurate 
knowledge of meteorite whole-rock compositions. 
Due to the finite nature of meteorites, by necessity 
all studies focus on non-destructive analyses, or de-

structive analyses from very small aliquots from the 
main mass. We mitigate that sampling bias here by 
providing a new, non-destructive method for measur-
ing bulk rock chemistry from a very large (~1 kg, 100 
cm3) samples. Beck et al. [16] showed the importance 
of accurate whole-rock compositions for interpreting 
GRNS data, and our study provides a means of testing 
the accuracy of the currently-reported whole rock 
compositions for our samples.  

Status: Initial comparison of the measurements 
and models shows qualitative agreement – the gam-
ma-ray peaks present in the data are also seen in the 
model, with generally correct amplitudes. Our plans 
are to repeat the measurements for a series of ele-
mental (pure Fe, Ni, and Co) and mineral (pyroxene, 
plagioclase) standards. Following that benchmarking 
exercise, whole-rock element concentrations for the 
samples will be derived via comparison to the mod-
els. Finally, the benchmarked models will be used for 
additional Psyche GRNS sensitivity studies, e.g. [8].  
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Figure 2. Fe vs. Mg (wt%) scatterplot, reproduced from [13], highlighting the compositional diversity of meteorites, represent-
ing different conditions for the evolution and formation of their parent bodies. Left panel reports the raw meteorite data. Right 
panel is an annotated version, with meteorites greyed out and the samples used in this study added. Our samples highlight three 
processes that may be relevant at Psyche – Impact Mixing (Lamont), Core-Mantle Mixing (Admire), and Partial Melting of 
Chondritic Precursors (Indarch, low melting; Gujba; high melting). 
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