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Introduction & Background

Gamma-ray spectroscopy can be used to determine planetary elemental compositions, providing key information for understanding planet formation and evolution. Orbital gamma-ray measurements have been collected previously
from rocky or icy bodies such as Mercury, the Moon, (1) Ceres, (4) Vesta, (433) Eros, and Mars [1-6]. However, we have never visited an all-metal body. Asteroid (16) Psyche is likely dominated by iron-nickel metal [7]: as a result its bulk
neutron cross section and resulting nuclear processes should be significantly different from that of the well-studied rocky bodies [8, 10]. This research is being done in order to build an experimentally verified, comprehensive database
of possible Psyche gamma-ray emissions and to have a better understanding of the data that will be collected during the mission and what these data may imply about the formation of (16) Psyche.
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lron and Nickel

Since rocky bodies have more thermal neutrons than metal-rich bodies, gamma rays resulting from thermal-neutron
capture are often used to determine elemental composition on such bodies [1-6, 17]. In contrast, Psyche’s expected metal-
rich environment may allow for more prompt gamma-ray emissions due to higher-energy neutron inelastic scattering. We
investigated the prompt 1408 keV **Fe gamma ray and compared it to the >8Ni 1454 keV gamma ray.

Samples

For these experiments, we chose to test samples that represent some of the science requirements for the Psyche Discovery
mission. The gamma-ray spectrometer will measure and map the abundances of nine key elements (Fe, Ni, Si, K, S, Al, Ca, Th,
U) on (16) Psyche. Our samples consist of materials with high amounts of five of these elements (Fe, Ni, Si, Al, S). Two
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0.81 wt% Co, 0.06 wt% P, Schreibersite
[13]; ~ 29 wt% Fe, 4-5 wt% Ni, 3-6 wt% S,
16 wt% Mg, 13 wt% Si, 29 wt% O [14, 15]

(1369keV, 1809keV), Si
(1779keV), S (2232keV)

elements (Si, O, S) mixed with heavier elements (Fe, Ni);
measurements from reflectance spectra indicate
Psyche’s surface is ~10% silicates

forming elements

2/Al line at 1408.3 keV (thermal capture)

111Cd line at 1410.5 keV (shielding on 3He tube)
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with several other competing gamma-ray lines. The 2)
curve at 834 keV labeled sawtooth is due to fast 3)
neutrons interacting in the HPGe detector. The other
peaks in the spectra are from the decay of >*Mn, and
possibly some S(n,g), at 841 keV, from Al(n,n’g) at 844
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The gamma-ray spectra collected in experiments is directly g
affected by the neutron environment. In order to better | 3 10-1)
understand the neutron environment we created a model using | £ :
the particle transport code MCNP 6.1 (Monte Carlo N-Particle). | £
MCNP also allows us to benchmark the instrument response of g 10-2.
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neutron flux plot of a DD neutron spectrum tallied on the
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Peak Ratios (counts per second/counts per
second) based on peak energy (keV)

Fe/Ni (847 Fe/Ni Fe/Ni
keV/1454 keV) | (1408/1454) | (1236/1454)

49.4484 1.5757 1.3490
43.6763 1.5648 1.1367
53.0919 1.4230 4.0106
78.8925 2.6615 18.0120
29.1944 1.6012 1.1175
31.7077 0.9833 2.4614
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The figure below shows the geometry of the testing building at LLNL. The room is cylindrically shaped with 3

Source

3.3kg Sericho
Pallasite Meteorite

5.6kg Odessa
Iron |AB Meteorite

0.58kg
6061 Al disk

0.9kg Iron
Pyrite

Table 3: Prominent Gamma-Ray Count Rates (counts per second) for Geologic Samples with Different Neutron Sources

144.8289 N/A 3.9511
107.7106 N/A N/A 2.4661 3.8589 1.7678 2.8033 N/A N/A N/A
35.2054 N/A 0.0134 0.6631 0.9436 0.5999 2.6594 N/A N/A N/A
52.8908 11.1617 0.3561 0.6704 1.7843 1.9076 12.0756 N/A N/A N/A
24.9936 2.5661 0.1303 0.8561 1.3708 0.3750 0.9567 N/A N/A N/A
5.6736 0.0018 0.0896 0.1789 0.1760 0.5031 0.4404 N/A N/A N/A
16.6678 1.1417 0.1794 N/A 0.1850 N/A 0.4906 0.2306 N/A N/A
7.9611 0.0343 0.4973 N/A 0.1585 0.3011 0.5761 1.8988 N/A N/A
0.9383 1.7633 0.1172 N/A N/A N/A N/A 0.2208 N/A 0.4497
6.0645 1.3358 0.1434 N/A 0.0545 0.3048 0.3216 1.9146 0.7181 0.8497
Element Interpreted: Fe Si S Ni Fe Ni Fe Mn Mg Mg
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Peplowski et al 2012: Pre man et al 2006;
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