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Introduction:  It is known that high energy neutrons are moderated down to thermal energy efficiently  by collision with hydrogen, because the protons, the nuclei of hydrogen atoms, absorb a large fraction of the neutron energy in each collision. Neutron activation is often used to estimate the moisture of soil down to 1-2 (better to say up to 1 m) meters depth. The investigation Dynamic Albedo of Neutrons (DAN) [1] with a pulsing neutron generator PNG, which irradiates the soil with high energy neutrons and produces a secondary emission of moderated and delayed neutrons, may allow study of the distribution of hydrogen or water at the surface of Mars along the path of the MSL rover. 
Numerical modeling of DAN: Numerical simulations of the DAN investigation were performed using standard MCNPX code [2]. Emission of moderated neutrons is shown to continue as long as 10 msec after an individual pulse of PNG, with a flux decrease of about 104 times during this time (Figure 1). For a pulsing frequency 10 Hz, the phase of  active measurements is <10% of the pulse period, and background measurements correspond to the complementary fraction of  >90% of the pulse period.   

Time profiles of induced albedo emission depend on the content of Hydrogen in the soil (Pathfinder composition [3] was used for the calculation). Figure 1 presents results for thermal neutron emission for soil with water content from 0.045 wt% (equivalent to 50 ppm of H) up to 10 wt%. The amplitude of the die-away time profile increases by about a factor of 10 as the water content increases from 0.045 wt% up to 10 wt%, and the duration of the d-e away profile increases by several times with increasing water content. 

The method of neutron activation is also very sensitive for detection of layering of H bearing minerals in the subsurface. Diffusion and moderation of neutrons in different layers is associated with different time profiles of die-away for thermal neutrons. If dry soil lies at the top with wet soil beneath, the early time profile following the pulses is close to the profile for dry soil, and the time profile at the late stage is contributed mainly by the bottom layer with the larger content of water (see Figure 2).
Conclusions: During surface operations of MSL DAN measurements will allow estimation of the presence of hydrogen from 0.1 wt% of water equivalent and will resolve near-surface layering of hydrogen bearing minerals.
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Figure 1: Numerical simulation of die-away time profiles of thermal neutrons, induced in Martian soil by DAN neutron generator (different curves correspond to different weight % of water).
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Figure 2: Dependence of die-away curve of thermal neutrons on layering structure of subsurface soil.
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