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Abstract

The production rates of spallogenic Be-10, C-14, Cl-36, and Mn-53 and neutron capture-induced Ca-41
in the Apollo drill core were investigated using the MCNPX code. The concentrations of these cosmogenic
nuclides in the Apollo 15 deep drill core have been studied [1-6]. These measured data allow us to test
the numerical simulations by the MCNPX code for rates of cosmic-ray-induced reactions. The MCNPX
(Monte Carlo N Particle eXtended) code combines the latest versions of the LAHET code for high-energy
particle transport and the neutron code MCNP that were used by Masarik and co-workers [3,7,8]. The
spectral shape of the incident galactic-cosmic-ray (GCR) protons was the same as that of [7]. The fluxes
of protons and secondary neutrons were calculated using a spherical shell of a radius 1.78E+3 km and a
density of 1.71 g/cm3, and an incidence flux of 1 p/s/cm2 of galactic-cosmic-ray protons [7]. We compared
our calculated production rates using both Bertini (BER) (default model) and the CEM (Cascade-Exciton
Model) option of MCNPX. The production rates of cosmogenic nuclides were then calculated using these
calculated neutron and proton fluxes, compositions of the Apollo 15 drill core samples, and our most-
recent sets of neutron and proton cross sections for all target-product combinations. Effective proton flux
for each radionuclide was determined by the measured data and model calculations. The average effective
proton flux for spallation reaction is determined to be 4.50 and 4.94 p/cm2/s for CEM and BER model,
respectively. The profiles of our calculated production rates agreed well with the measured concentrations
[1-6] and previous calculations. This work also confirms that numerical simulation of secondary particle
production on planetary surfaces using MCNPX code is reliable.
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