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An Examples of Present Space Missions 

• Mars Reconnaissance Orbiter 

• Mars Odyssey 2001 

• International Space Station 

• Lunar Reconnaissance Orbiter 



The Origin of Gamma and 

Neutron Radiation at Space  

 Solar Cosmic Rays 

(SCR); 

 Galactic Cosmic Rays 

(GCR); 



SCR & GCR Interaction with 

Planets 

Atmosphere 

Soil 



Mars Odyssey 2001 

Gamma sensor head (HPG) 

Thermal neutron detector (NS

) 

High energy neutron detector (HEND) 

High gain antenna 

THEMIS 

Solar array 
Star cameras 
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Martian Gullies (MRO)  



HEND Creation 
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Russian High Energy Neutron 

Detector (HEND) 

SD, MD, LD – 3He proportional counters en

veloped with PE of different thickness 

SC – stilbene scintillator with CsI  

anticoincidence counter 

Pulse height analysis 

5 sensors = 6 signals: 

1-4 – neutrons 0.001 – 10 MeV 

  – 50-2000 keV 

GCR and solar protons 

Total weight: 3.695 kg    Power supply: 5.7 watt 



Space port “Cape Canaveral” 

(Florida, USA),  

04.07.2001 

“2001 Mars Odyssey” mission 
Purpose of expedition: exploration of  Martian surface 

(research of chemical composition of the surface and 

search for water);  

Scientific equipment: HPG gamma-ray spectrometer  

(GRS), low energy neutron spectrometer (NS); high- 

energy neutrons detector (HEND); thermal emission  

imaging system (THEMIS); radiation environment  

measuring system (MARIE); 

Total mass of a scientific equipment:  44.5 kg 

Arrival to Mars: 10.23.2001 

../mars/010407staging.mov


H 400 km 

Ø 400 km 

Main parameters of orbit: 

 Altitude – 400 km; 

Orbital period – 2 hours; 

Orbit inclination – 93.10 

Building the Map 

On the surface of planet 

making a mesh with selected 

size of pixels. In each pixel 

independently accumulating 

counts and exposure time. 

Selecting a time interval, detector 

and set of channels to create 

map. 
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water layer 20 cm lies 1 m beneath the surface
Albedo neutron spectra at a height of 400  k
m normalized to 1 n/cm2 neutron flux from 
Mars surface covered with CO2 layer  
15 g/cm2 (calculated by MCNP4C) 

Neutron Detectors – Powerful 

Tool to Seek for Water 
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HEND 

Neutron  Spectrometer 

Gamma  Spectrometer 
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Results of Mars surface scanning. 

Comparison of NS, GRS and HEND 

readings. 

Water Ice on Mars – Data from Three 

Detectors 



Martian Soil Composition 

APXS on Pathfinder 



Neutron Logging Idea & History 



Neutron Moderation in Soil 











E

E
u 0ln

Neutron lethargy 

(logarithmic 

decrement) 

Average logarithmic decrement 

     



max

0

0 exp
1

1
,

u

duuududufu




 



 ln

1
1 




2

1

1














A

A


 
A3

2
cos 

Average cosine of the 

scattering angle 



Energy Dependence of the 

Moderation Parameters 

Element, 

 

Atomic 

number 
 cos    sn  

H 1,0079 0,6614 0,9998 17 

O 15,9994 0,0417 0,1200 143 

Na 22,9898 0,0290 0,0845 203 

Mg 24,3050 0,0274 0,0801 214 

Al 26,9815 0,0247 0,0723 237 

Si 28,0860 0,0237 0,0695 247 

P 30,9738 0,0215 0,0632 271 

S 32,0640 0,0208 0,0611 281 

Cl 35,4530 0,0188 0,0554 310 

K 39,1020 0,0170 0,0503 341 

Ca 40,0800 0,0166 0,0491 349 

Ti 47,9000 0,0139 0,0412 416 

Cr 51,9960 0,0128 0,0380 452 

Mn 54,9380 0,0121 0,0360 477 
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Some History 



Experiment DAN onboard 

Curiosity Rover 



DAN PNG and DE Allocation 

DAN DE DAN PNG 



Curiosity Exploring Gale Crater 
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  CETN sol35 11h54'

 ExpDec2Fit of CETN sol35 11h54'
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Model ExpDec2

Equation

y = A1*exp(-x/t1) 

+ A2*exp(-x/t2) + 

y0

Reduced Chi-Sqr 1.45085

Adj. R-Square 0.99347

Value Standard Error

CETN sol35 11h54' y0 9.78646E-7 2.80283E-7

CETN sol35 11h54' A1 6.84511E-5 2.95522E-5

CETN sol35 11h54' t1 187.23185 33.87328

CETN sol35 11h54' A2 0.01638 0.00265

CETN sol35 11h54' t2 39.77036 1.85495
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 CTN-CETN sol35 11h 54'

 ExpDec1Fit of CTN-CETN sol35 11h 54'
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Model ExpDec1

Equation
y = A1*exp(-x/t1

) + y0

Reduced Chi-Sqr 32.07738

Adj. R-Square 0.97405

Value Standard Error

CTN-CETN sol35 y0 0 0

CTN-CETN sol35 A1 0.00249 2.80262E-4

CTN-CETN sol35 t1 413.91571 13.4941



MCNP Simulations 
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 CETN, dry soil, density 1.7 g/cm^3

 ExpDecay1Fit of CETN, dry soil, density 1.7 g/cm^3
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Model ExpDecay1

Equation
y = y0 + A1*exp(-

(x-x0)/t1)

Reduced Chi-Sqr 20.95614

Adj. R-Square 0.98839

Value Standard Error

CETN, dry soil, de y0 3.09113E-6 3.95529E-7

CETN, dry soil, de x0 232.99848 7.68025E7

CETN, dry soil, de A1 1.81833E-4 268.93877

CETN, dry soil, de t1 51.92728 2.40116

CETN calculated, dry soil, =52 s 



MCNP Simulations 

CETN calculated, 15% water soil, =30 s 
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  CETN, soil with water 15%, density 2 g/cm^3

 ExpDecay1Fit of CETN, soil with water 15%, density 2 g/cm^3
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Model ExpDecay1

Equation
y = y0 + A1*exp(-

(x-x0)/t1)

Reduced Chi-Sqr 6.64776

Adj. R-Square 0.99831

Value Standard Error

CETN, soil with wa y0 1.28832E-5 1.35015E-6

CETN, soil with wa x0 96.02165 --

CETN, soil with wa A1 8.05134E-4 --

CETN, soil with wa t1 30.23433 0.65619



MCNP Simulations 

Epithermal neutrons inverse lifetime 

vs water content 
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 Calculated CETN inverse lifetime vs water content
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Epithermal Neutrons Inverse 

Lifetime Variations 
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Proving Ground for Martian Soil 

Simulation 

Plastic containers 

filled with glass balls 

with addition of 

Fe2O3, CaO, MgO, 

Al2O3 and variable H 

concentration. 

 

Plans for 2013-2014 



Conclusion 

• Neutron logging with pulsed source 

was successfully implemented on the 

Martian rover spacecraft; 

• The sensitivity to the water content on 

the level of few percents demonstrated; 

• More detailed MCNP simulations and 

physical modeling of the Martian soil is 

underway; 




