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EXPERIMENTAL SIMULATIONS OF MARTIAN NEUTRON SPECTRA.* 
D. M. Drake, M. Drosg, R. C. Byrd, R. C. Reedy, and D. A. Clark, Los Alamos National 
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The program to simulate the neutron depth distribution and leakage for the martian 
surface [I] has continued with a second set of experiments at the Los Alamos Meson Physics 
Facility (LAMPF). On a planetary surface, cosmic-ray bombardment produces neutrons 
that are transported to the surface and often esca e. The experiments approximate this P situation using a beam of 800-MeV protons and a arge container of martian-like soil. 

The spatial distribution and energy spectra of the neutrons in a planet's surface 
determines the major art of the gamma-ray spectrum as measured by orbiting gamma- 
ray spectrometers, suc R as that on the Mars Observer. These neutrons also leak from the 
surface [2] and can be detected at orbit, as will be done by the Mars Observer Gamma 
Ray Spectrometer for thermal (En S 0.4 eV) and epithermal (En - 0.4-lo3 eV) neutrons. 

The experimental arrangement is similar to that of the first experiment [1,31 with the - - 
exceptions chat a larger cyliider (about twice the volume) is used A d  different materials 
can be sequentially placed in front of the container to simulate the effects of water, car- 
bonates, and layering in the regolith. As in the first experiment [I], th e e n e r y  spectrum 
of the neutrons escaping from the container is measured by using the time-o -flight to a 
6Li-glass neutron detector at the end of an evacuated tube 28-meters long and at an angle 
of 150" with respect to the beam. The neutron spatial distribution was measured using 
packages of foils placed within three cores inside the container [3,4]. 

Leakage Neutron Spectra. Monte Carlo calculations of the leakage neutron spectra 
were made for each arrangement with the LCS transport codes LAHET (higher ener- 
gies) and MCNP (neutrons below 20 MeV). Fig. 1 shows three neutron spectra and the 
appropriate calculations taken with a) no material in front of the container, b) a sheet 
of polyethylene, and c) a sheet of graphite in front of the container. As expected, the 
high hydrogen content of the polyethylene enhances the thermal part of the spectrum and 
decreases the higher-energy flux. Carbon has almost no effect on the leakage spectrum. 

Because these spectra cover almost five orders of magnitude in flux and six orders 
of magnitude in energy, it is difficult to see differences between the calculations and mea- 
surements. A more stringent comparison is shown in Fig. 2. Fig. 2a shows the ratio 
between the polyethylene spectrum (from Fig. lb)  and the bare spectrum (from Fig. la) ;  
Fig. 2b shows the ratio between the carbon spectrum (from Fig. lc) and the bare spectrum. 
These two graphs indicate that there are some differences between the calculations and 
the experiments, especially for the polyethylene runs at neutron energies below 1 eV. 

Subsurface Neutron Distributions. Because of the high intensity of protons needed 
to sufficiently activate the foils inside the container, only two target combinations had the 
distributions of particles mapped inside the container. The results for the thermal neutrons 
mapped inside the new container using the 197Au(n,y)198Au reaction showed that the new 
container was better at retaining neutrons than was the first container 141. Since then, a 
second set of foils (Ti, Fe, Ni, a i d  Au were activated inside a container'kith the layer' of 
polyethylene in front of it. These foils h ave just been counted, and the neutron distribution 
for the second irradiation is now being mapped. The distributions of low-energy neutrons 
inside containers with and without the polyethylene on the surface will be compared to see 
if its addition modifies the depth-us.-flux distribution of thermal neutrons. The presence 
of a good neutron-moderating la er at the surface is expected to modify the distribution 
of neutrons inside the container 2 . Monte Carlo calculations of the neutron fluxes at the 
locations of the foil packages are b so being done. 
References: [I] D.M. Drake e t  al. (1991), Nucl. Instru. Meth., A309, 575. [2] D.M. Drake 
e t  a/. (1988), J. Geophys. Res., 93, 6353. [3] P.A.J. Englert et al. (1990), Lunar Planet. 
Sci. XXI, 325. [4 P.A.J. Englert e t  al. (1991), Lunar Planet. Sci. XXII, 353. * Work d supported by DO and NASA and done at Los Alamos under auspices of US DOE. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 




