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Introduction: We present a summary of the physi-

cal principles and design of the Dynamic Albedo of 
Neutrons (DAN) instrument onboard NASA’s 2009 
Mars Science Laboratory (MSL) mission. The DAN 
instrument will use the method of neutron-neutron 
activation analysis in a space application to study the 
abundance and depth distribution of water in Martian 
subsurface along the path of the MSL rover (see [1-
4]). 

Nuclear methods can provide precise quantitative 
evaluations of the elementary composition of samples 
of unknown material. These methods are based on the 
detection from the test samples of natural or induced 
nuclear emissions, which are used to characterize the 
different types of nuclei present in the material. In-
duced nuclear emission is produced by an external 
flux of energetic charged particles, neutrons, or 
gamma rays which interact with nuclei present in the 
test sample and produce radioactive isotopes, exited 
nuclei, and secondary neutrons through spallation, 
non-elastic scattering, or capture reactions. 

Description of the experiment DAN:  DAN con-
tains two main elements: Pulsing Neutron Generator 
(DAN/PNG), which emits pulses of 107 neutrons at 14 
MeV with duration of 1-2 microseconds and two de-
tectors of neutrons for the detection of thermal and 
epithermal neutrons (DAN/DE).  

Using a pulsing neutron generator is better in two 
respects: the depth distribution of water ice can be 
studied through the time history of soil dynamic al-
bedo following neutron pulses, and radiation hazards 
are minimized during ground tests (the pulsing neu-
tron generator is safe when it is off). 

DAN is active nuclear instrument and will operate 
like sonar: DAN PNG irradiate subsurface with high 
energy neutrons and DAN DE record the subsurface 
response in thermal and epithermal neutron range. 
This response will be recorded as (100-1000µs) die 
away curves which depends on the abundance and 
depth distribution of Hydrogen. In Martian condition 
Hydrogen distribution in the regolith can be easily 
converted into water ice or chemically bound water 
distribution.  

Data analysis: To understand DAN sensitivity and 
evaluate DAN measurements during surface opera-
tions, we have performed a set of preliminary numeri-
cal simulations of neutron die-away emission. In the 

numerical model we tried to take into account the 
DAN accommodation onboard MSL and the martian 
environment at the landing site. The suggested physi-
cal parameters of DAN pulse neutron generator and 
DAN detectors have been also used in the numerical 
simulations.  

 

 
Fig. 1. The modeled die away curves which will be recorded 
with DAN detectors for soils with different content of water.  

 
Two types of regolith models with different distri-

butions of bound water have been used in the numeri-
cal simulations. The first one is a homogeneous model 
with homogeneous distribution of water through the 
soil layer. This model is characterized by only one 
parameter: the weight fraction of water in the soil. 
The second model is based on a two-layered structure, 
with an upper dry layer (maximum content of water < 
2% by weight fraction) and a bottom semi-infinite wet 
layer (with high content of water). For the second 
model, there are two variable parameters: the thick-
ness of the upper dry layer and the content of water in 
the bottom layer 

The first sets of simulations were done with the 
homogeneous model for different water contents. The 
resulted die-away curves for thermal neutrons  are 
presented in Figure 1. Using these die-away curves we 
have estimated DAN sensitivity to the presence of 
water in the Martian soil as the difference between 
counting rates for dry and wet soil at the statistical 
level of 3 sigma. 

Seventh International Conference on Mars 3101.pdf



The numerical simulations have shown that pre-
cise measurements (to define 0.1-0.3% of water by 
weight fraction at rover parking places) requires tens 
of seconds of observation while standard measure-
ments (to define ~1% of  water by weight fraction dur-
ing traverse of rover) requires  ≥10 sec.  

The numerical modeling using two models of re-
golith layering have shown that DAN vertical sensitiv-
ity (to distinguish different depth distributions of wa-
ter) penetrates at least up to 0.5 m and requires the 
creation of a numerical library for different examples 
of water depth distributions. This will be done as a 
part of DAN calibration program and will be verified 
through a set of field tests.   

DAN can measure water or water ice if present, 
but can also measure any water bound in minerals. 
MSL is not likely to reach water ice. But MSL will 
study  
sites where hydrated sulfates or clays are present and 
DAN instrument will be used to detect concentrations 
of these materials, especially if they are not visible at 
the surface and buried at some depth . 
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