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Introduction: One of the major goals of planetary 
science is studying how the planetary body was 
formed and evolved from very beginning until present 
time. So evaluation of the elemental composition of 
the subsurface may be key milestone to provide an-
swer on such question. It may be done by remote sens-
ing or in situ instruments using gamma and neutron 
spectrometry methods.  
It is known that many solid planets of Solar system 
with thin atmospheres, its moons, small bodies and 
even comets due to bombardment by heavy nucleus of 
Galactic Cosmic Rays (GRS) produce neutron albedo 
and characteristic gamma lines. Escaping gammas 
bring information about elemental composition of the 
subsurface (as deep as tens of centimeters). The detec-
tion of variations of neutron albedo may be used as a 
strong signature of hydrogen enhancement possibly in 
the form of water of water ice.  
So, here we would like to present a set of nuclear in-
struments developed in Space Research Institute for 
the various orbital and landing missions to the planets 
of Solar systems.  
 
Instruments and methods: Last ten years were very 
favorable to the nuclear instrumentations and its usage 
for different space applications. So neutron and gam-
ma spectrometers onboard Lunar Prospector mission 
have detected average elemental composition and hy-
drogen enhancement at Moon’s poles [1]. High Ener-
gy Neutron Detector (HEND), Neutron Spectrometer 
(NS) and Germanium Gamma Sensor combined in 
Gamma Ray Spectrometer (GRS) instrument suite 
onboard Mars Odyssey mission were able to discover 
large high latitude provinces at Mars rich of water ice 
and provide important information about Martian sea-
sonal cycle [2-4].  
 

 
 

Figure 1. HEND instrument for Mars Odyssey Mis-
sion.  

HEND instrument (see figure 1) developed in Space 
Research Institute (Russia) still successfully operates 
until present time beating time records as a long living 
instrument on Martian orbit. It serves as a prototype 
and leads to the development a set of nuclear instru-
ments for different space missions. 
One of the directions of such development was to con-
tinue assembling remote sensing instruments but with 
significantly improved measurement abilities never 
used before. First of all it is Lunar Exploration Neu-
tron Detector created for LRO mission and equipped 
with large neutron collimator to get much higher space 
resolution in comparison with one achieved in Lunar 
Prospector mission [5], see also figure 2. This instru-
ment successfully operates on Moon orbit from June 
2009 and was able to distinguish Hydrogen enhance-
ment in Moon local polar shadow regions [6].  
 

 
 

Figure 2. LEND instrument  for the LRO mission. 
 
Another line of remote sensing instruments was de-
veloped for studying Mercury (MGNS instrument) 
aboard ESA BepiColombo mission planned for launch 
in 2014. It is compact (5.2 kg) neutron and gamma 
spectrometer based on neutron proportional counters 
and new generation of scintillation detectors LaBr3 
[7]. This instrument presents a very good example of 
efficient compromise between science mission re-
quirements and strong limitations by mass and power.  
 
Final direction of development is the creation of in-
struments for in situ measurements onboard landing 
modules and rovers. First example is HEND-NS in-
strument, a full analog of MGNS instrument, for the 
studying elemental composition of Phobos aboard 
landing module of Russian Phobos Soil Return mis-
sion.  
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Developing instruments for landing mission we also 
decided to look at neutron activation methods, used on 
Earth for many years in various geological applica-
tions, in order to implement them for space applica-
tions. First example of active nuclear instrument ever 
launched in space is the Dynamic Albedo of Neutrons 
(DAN) experiment onboard Mars Science Laboratory 
(MSL) mission to Mars [8], see also figure 3. This 
instrument integrated onboard MSL rover and in-
cludes neutron detectors of thermal and epithermal 
neutrons with high time resolution and pulse neutron 
generator (PNG) of high energy neutrons. High energy 
neutrons (14 MeV) emitted by PNG in a small time 
envelope (several microseconds) penetrate to the sub-
surface; interact with soil nucleus, losing its energy 
through the nuclear reactions. The resulted thermaliz-
ing neutrons may escape the subsurface and be de-
tected by neutrons sensors. The time profile (as a 
function of time from the moment of neutron pulse) of 
such neutrons, its shape and amplitude bring the in-
formation about the internal structure of subsurface 
and depth distribution of Hydrogen rich material like 
water of hydrated minerals.  
 

  
 

Figure 3. DAN instrument for MSL mission. 
 
Combination of DAN with gamma spectrometer may 
accumulate information not only about presence of 
hydrogen but also about elemental composition. Such 
instrument named ADRON is being developed for the 
incoming Russian Lunar landing missions LUNA-
RESOURCE and LUNA-GLOBE (2013-2014) tar-
geted to the Moon poles. 
 
Neutron activation methods do not depend on natural 
neutron and gamma radiation produced by GCRs, pro-
vide much more statistics of measurement data and 
bring more detailed information about subsurface then 
passive methods. They may be used for landing mis-
sions to the planets where GCR cannot reach the sur-
face and produce neutron albedo. The most distinct 
example here is the studying of Venus. Its atmosphere 
 is thick enough to stop heavy nucleus of GCRs. That 
is why analogs of DAN and ADRON are suggested 

for different missions to Venus discussed at present 
time. 
 
Summary. Below we have presented the summary 
table with nuclear instruments developed for different 
planetary missions.  
  
Table 1. 

 Remote sensing In situ 
Mercury MGNS instrument: 

search for water ice, 
elemental composition 
with energy resolution 
<3% at 660 keV, spatial 
resolution > 600 km 

 

Venus  ADRON instrument: 
neutron activation analy-
sis, in situ testing structure 
and elemental composition 
of the subsurface 

Moon LEND instrument: search 
for H distribution at 
Moon poles with spatial 
resolution <10 km  

ADRON instrument: 
neutron activation analy-
sis, in situ measuring 
Hydrogen depth distribu-
tion and elemental compo-
sition of the subsurface at 
Moon poles 

Mars HEND instrument: global 
maps of water ice distri-
bution with spatial resolu-
tion ~450 km, observa-
tion of seasonal cycle  

DAN instrument: measur-
ing H content along path 
of MSL rover, testing 
layring structure of sub-
surface 

Fobos  HEND-NS instrument: 
in situ elemental com-
position with energy 
resolution <3% at 660 
keV 

.  
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