
LPSC X X I  3 2 5  

SIMULATION OF GALACTIC COSMIC ElsY INTERACTIONS WITH 'MARTIAN SOIL': 
IMPLICATIONS FORCOFOGENIC NUCLIDE STUDIESAND PLANETAELYGAHUBAY SPECTROSCOPY. 
Peter A. J. Englert , Department of Chemistry, San Jose qtate University, San 
Jose, CA; Darrell M. Drake, Edward R. Shunk, Manfred Drosg , and Robert C. Reedy, 
Los Alamos National Laboratory, Los Alamos, NM; Johannes Briickner, Max-Planck- 
Institut far Chemie, Mainz, FRG. 

Thick target bombardments to simulate the interaction of the galactic 
cosmic radiation with matter during the last few years have been predominantly 
focussed on meteorite model irradiations [I-41. The major goal of these 
experiments was to evaluate the validity of associated Monte Carlo model 
calculations for applications to cosmogenic nuclide production rate predictions 
in meteorites. The Mars Observer Mission of NASA will have on its payload a 
gamma-ray spectrometer that has also the capability to measure neutrons from the 
Martian surface [5]. To study quantitatively the interrelation between the 
bombarding galactic cosmic ray particles and the gamma radiation as well as the 
neutrons emitted from the Martian surface, several thick target bombardment 
experiments are in preparation. Past thick target bombardment experiments 
frequently were either limited to determine the secondary particle cascade only 
[see 61, or the emitted gamma radiation [7], or both gamma radiation and a part 
of the secondary cascade [a]. 

A simulation experiment that studied both the secondary particle cascade 
inside a thick target of artificial martian soil and surface neutron fluxes and 
spectra was performed at the Los Alamos Meson Physics Facility's Weapons Neutron 
Research laboratory. 

A thick target in form of a cylinder with a diameter of 67.5 cm and a depth 
of 93 cm was filled with powder of a chemical composition close to that from the 
Viking lander analyses of the Martian soil. The artificial regolith was mixed 
using industrially pyre chemicals and local sand. The average density of the 
mixture was 1.8 g cm' . The total water content of the artificial Mars soil is 
3.05 % with adsorbed water accounting for 2.8 % and crystal water for 0.25 %. 
The proton beam went through the (center) symmetry axis of the cylinder. The 
target was contained in steel with an Aluminum window at the front side to let 
neutrons escape undisturbed by resonance capture. In the center axis of the 
target as well as 11 cm and 22 cm out of the center were cavities that allowed 
the exposure of radiochemical monitors and other materials to the secondary 
particle cascade at two radii and various depths. For the neutron measurements 
and the exposure of cosmogenic nuclide production targets the assembly was 
irradiated with 800 MeV protons for over 40 hours with an average flux of 1 nA. 
For the detailed study of secondary particle fluxes the target was irradiated 
with 800 MeV protons for 12.25 hours with an average flux of about 11,5 nA. 

In this abstract we report preliminary results on the secondary particle 
cascade monitoring. Elemental targets of Ti, Mn, Fe, Co, Ni, Lu, W, and Au were 
exposed at defined locations inside and outside of the target. 4 8  hours after 
irradiation and 24 hours after removal of the samples from the target the gamma 
radiation of all residual radioactive product nuclides were determined via 
conventional gamma-ray spectrometry, using the facilities of the INC-division. 
Samples were counted repeatedly for half-life control. Gamma-ray analysis was 
performed with local versions of the GAMANAL code. Results obtained with 
different codes were in very good agreement. Our experiment provides one of the 
most complete sets of data for particle cascade analysis in large targets. 

Figures 1 and 2 show the results &gr residual radionuclides produced in 
exposed gold foils. Figure 1 Shows the Au activity as a function of monitor 
location. Sample 90 was exposed upstream of the target. at the end of the proton 
beam pipe. Samples 9 1  were exposed at various depths along the symmetry axis of 
the target. Samples 92 and 93 were 11 cm and 22 cm away from the center axis, 
respectively. Samples 9 4  were covered by 1 rnm of Cd and exposed on the outside 
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of the cylinder. The 94 svgles on front and back were between corresponding 
samples of set 92 and 93. Au is mostly produced by capture of slow neutrons 
and hence represents the low energy neutron fluxes within the target. As 
expected, the secondary low energy neutron fluxes increase with $epth in the 
farget, exhibiting a broad maximum between about 50 and 100 g/cm . The lower 

Au activities of samples 92 and 93 are q~+% to qfytron 1 0 ~ 1 8 ~  from the target. 
Figure 2 shows the activities of Au, Au, and Au, predominantly 

produced by (p,pxn) and (n,m) reactions from Au exposed in t h ~  central core. 
The reaction threshold energies and excitation functions for 7~u(n, xn) have 
been measured by Bayhurst et al. up to 28 MeV [9]. With these rl%gction~ we can 
%%count for high energy neutron fluxes throughout the target. Au, Au, and 

Au were also measured in samples exposed at off center locations. 
In combination with the albedo neuronmeasurements, the secondary particle 

cascade neutron determination will provide unique insight into the neutron 
production within the Martian surface. Additional bombardments will be done with 
this and other targets. 
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