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2.3. Planets and Small Bodies of Solar System

2.3.1. Russian scientific instrument HEND

Russian scientific instrument HEND was developed for NASA spacecraft “2001 Mars Odyssey”, which was launched in April 7, 2001. HEND (High Energy Neutron Detector) measures flux of fast neutrons from Mars for studying of the mineralogical composition of Martian sub-surface. In particular, HEND allows to find the water-rich regions on Mars. The knowledge about subsurface water is very important for plans of future missions to Mars and for testing the presence of life on the planet. In October 24 2001 the “Odyssey” was inserted on the Martian elliptical orbit and started the aerobraking stage.

During a month of orbital flight from November 19 till December 19, 2001, HEND has obtained a large volume of data on the flux of neutrons along 70 shrinking revolutions around the planet at distances 250 - 20 000 km from the Martian surface. These data were used to create 3-dimansional model of neutron cloud around Mars. 

At February 18th, 2002, HEND has started the mapping of Martian neutrons at different energy ranges. The first data has clearly pointed out that there are regions on Mars with high content of water ice in the subsurface layer (Figure 1). They were named “permafrost regions” similarly to terrestrial permafrost areas. The southern permafrost region covers about 10 million squ. km above 60( of south latitude.  According to present estimations, there is about 35-50 weight  per cents of water ice in the upper-most layer of this region. The data from HEND agrees very well with data from another instruments on the Odyssey.     

The data of May – July 2002 shows the beginning of seasonal evaporation of carbon dioxide frost from the northern hemisphere. Figure 2 compares maps of neutron fluxes of Mars measured in February and in September 2002 (top and bottom maps, respectively). September data provides clear evidence for the presence of another large northern permafrost region on Mars. 
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Figure 1. Map of epithermal neutrons from the surface of Mars, which was measured by Russian space instrument HEND on board NASA spacecraft “2001 Mars Odyssey”. Blue color corresponds to regions with high content of water ice in the upper-most subsurface.
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Figure 2. Maps of seasonal variation of neutron flux from Mars. Upper maps correspond to late winter at north (left) and late summer at south (right). Down maps correspond to early spring at north (left) and early fall at south. Evaporation of carbon dioxide deposits open a huge northern permafrost region (two left maps), which is larger than the area of Southern Permafrost Region (two right  maps).
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