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Introduction: The Dynamic Albedo of Neutrons in-

ment onboard MSL rover which shall monitor distri-

strument, provided by the Russian Federal Space bution of subsurface wter along the rover's path)

Agency, is designed to perform an in-situ analg$is
the hydrogen content of the bulk Martian subsurface
at depths of up to about 1 meter, likely manifested
water or OH. DAN is also designed to perform an in
situ analysis of the layering structure of hydrogen
bearing minerals (or water) in the Martian subsur-
face, with horizontal resolution up to 1 m as MSL
traverses on Mars (see 1-3).

DAN operates under the principle that H- and OH-
rich minerals significantly change the secondary ep
thermal and thermal neutron fluxes that arise when
the Martian surface is actively bombarded by high
energy neutrons (E14 MeV). The “die away” be-
havior (also called dynamic albedo) of these secon-
dary neutrons can be used to characterize the hydro
gen content and/or layering structure of the Martia
subsurface.

The DAN instrument is composed of two mechani-
cally separated units:

e The first unit is called the DAN Pulsing
Neutron Generator (DAN/PNG). It is able to emit
high energy neutrons in pulsing mode, with différen
frequencies up to 10 Hz, where the duration of one
neutron pulse is less than 1 ps (see figure 1).

e The second unit is called DAN Detector and
Electronics (DAN/DE) and contains the Counter of
Thermal Neutrons (CTN), Counter of Epithermal
Neutrons (CETN), and associated electronics. The
two DAN/DE detectors are based on industrial LND,
Inc. *He proportional counters with and without cad-
mium coating (see figure 2).

Outdoor tests of DAN: In December, 2007 the Engi-
neering Model of DAN (DAN EM) instrument has
been delivered to the Jet Propulsin Laboratoryttier
integration tests with MSL testbed. With minor devi
tions DAN EM can be considered as practically full
analog of the Flight Model of DAN instrument. That
is why before delivery to JPL DAN EM gone through
set of initial field tests (indoor and outdoor) ésti-
mate sensitivity of instrument (as a primary instru

These tests have been performed in the internadtiona
Joint Institute for Nuclear Research (Dubna, Russia
http://mww.jinr.ru)).

Fig.1. The photo of DAN EM Pulsing Neutron Genera-
tor.

The main concept of these tests includes DAN meas-
urements on the open air (minimal neutron back-
ground) with different elemental composition ofIsoi
The schematic view of these tests is presentechen t
figure 3. We tried to implement first version ofesial
outdoor testing area with known composition of soil
and possibility to locate water spot indicator (ethyl-

ene material with dimensions 1m x 1m x 0.1 m) &t di
ferent depths. During the these tests DAN was moved
through the testing area to detect water spotsitulised
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at the different depth (0-50 cm) in the subsurfadee

example of measurements where water spot has (no
been located under the DAN instrument is shown on

the figure 4. that For these measurements DAN takerm
neutron counter (CTN detector) shows the significan
difference in the counting rates for the dry (2-%%%
water by mass fraction) homogeneous soil and dity so
with water spot (polyethelene) located under thero

Fig.2. The photo of DAN EM Detectors and Electron-
ics.
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Fig. 3. Concept of DAN outdoor measurements with
different location of water spot in the soil.

Data analysis. Each measurement was numerically
modeled (MCNPX) and results of numerical simula-
tions were compared with real measurements to @orre
numerical model of DAN instrument.
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Fig4. The example of DAN EM outdoor measure-
ments: 1) water spot under DAN instrument (polykthy
ene layer is placed on the top of soil, yellow &)r2)
Homogeneus dry subsurface under DAN instrument
(2-5% of water by mass fraction in the subsurface;
genta curve); 3) Counting rates in epithermal rautr
detector for both cases (dark blue curve).

We plan that resulted numerical model of DAN in-
strument (which fit all indoor/outdoor calibration
tests) will be used to create the numerical librafry
DAN CTN and CETN responses (die away curves)
containing different Martian soils with differentsd
tribution of water/bound water in the Martian subsu
face. During the measurements onboard MSL rover
the measured responses from DAN CTN and CETN
detectors will be compared with the reference re-
sponses taken from the library.
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