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An Examples of Present Space Missions
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The Origin of Gamma and
Neutron Radiation at Space

-
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» Solar Cosmic Rays
(SCR);

» Galactic Cosmic Rays
(GCR);



SCR & GCR Interaction with
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Nuclear Radiation from a Planetary Surface
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Mars Odyssey 2001

| High gain antenna
Gamma sensor head (HPG) o
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Russian High Energy Neutron

Detector (HEND)
g Total weight: 3.695 kg _Power supply: 5.7 watt

-

SD, MD, LD - 3He proportional countersen
veloped with PE of different thickness

o~

| SC — stilbene scintillator with Csl
anticoincidence counter

LD SC

v

.| 5sensors = 6 signals:
1-4 — neutrons 0.001 - 10 MeV
y —50-2000 keV

i GCR and solar protons




Space port “Cape Canaveral”
(Florida, USA),

04.07.2001
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Continue the Global Reconnaissance of Mars
+ High Spatial and Spectral Resolution

+ Images of Surface Morphology

+ Near-Mars Radiation Environment

+ Global Map of Elemental Composition

+ Shallow Subsurface Abundance of Hydrogen

“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
iImaging system (THEMIS); radiation environment
measuring system (MARIE);

Total mass of a scientific equipment: 44.5 kg

Mars Orbit Insertion

+ 21 =min MOl Burn
Outer Crulse + Possible PRM Burn
« Comm via HGA * Partial Comm MGA
+ TCM-2.3,4,5 70M DSN

Artival: 10123101 g
\7

Images Of Surface Mineralogy

Spacecraft lnitlalization

+ Deploy Solar Array

Awsrobraking

+ Initial DSN Acquisition 3’:’»?('"“. ' z';",‘,ﬁ: Ortik Poried
. '
::;:";"’" Wheel + Aerobraking Duration
Capture Orbit Sclence/Relay =9 Days
+ 4004km Altitude
Launch from K§C + Collect GRS, THEMIS,
« 04/07101 MARIE Data
+ 730-kg Launch Mass * HGA Earth Com
+ Delta Il 7925 Launch * UHF Lander Com
Vehicle + Two Mars year mission


../mars/010407staging.mov

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.

Main parameters of orbit:
Altitude — 400 km;
Orbital period — 2 hours;
@8 Orbit inclination — 93.1°
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Neutron Detecto
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Water Ice on Mars — Data from Three
Detectors
Neutron Spectrometer

— Results of Mars surface scanning.
eptrermal [EEEEENR Comparison of NS, GRS and HEND
e A readings.
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CAMBRIDGE PLANETARY SCIENCE
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Table 3.1. Foley et al. (2003b ) X-ray mode results ( + 1o )

Sotls Na,O* MgO AlO, S105 P-Os SO, Cl K-O CaO Ti0; CriyO;4 MnO Fes0n
A-2 Deploy 3207 8720 104=08 409+08 0902 6012 0702 050004 6.1 =04 0702 0301 0501 212+09

| A-4 Next to Yogi 32207 8019 106=08 41009 1202 69+14 0802 050=007 5604 1003 0401 0401 20408

i A-SDark NexttoYogt 3206 7.1 £1.7 104 =08 40709 0601 57 1.1 0.8+0.2 050=005 6104 06=0.1 0.5=0.1 020006 23.7+1.0

‘ A-9 Disturbed Soilby  26+24 64+16 10209 41.7+09 08+02 6614 1.2+03 070009 6405 08+0.2 0.2+0.1 0.1 0.1 222+1.0

~ Scooby

 A-10 Lamb 1807 75£1.7 9807 413209 06£0.1 6413 0802 040=004 6004 0802 0.3x0.1 0.4£0.1 240£1.0

‘ A-15 Mermaid 27208 6716 9908 43210 0601 52+1.1 0802 070007 5504 0802 03=£0.1 0.3£0.1 232+1.0

 Indurated soil

A-8 Scooby Doo 3008 6415 105=08 45010 0501 5511 0902 080006 7005 0702 0.1 £0.1 0.3=£0.1 19.1 £ 0.8
Rocks NaO*  MgO ALO, Si0; P05 S0, Cl k>0 CaO) 1O, Cr20s MnO FeO
A-3 Barnacle 32405 21405 128209 541411 0700 20+£04 054+0.1 1.1 £007 574£04 0.6+0.1 0.10£0.04 0.3 40.1 16.7 £ 0.7
A-7 Yogi 49408 52412 1124209 474411 05401 44409 08402 070006 6.6 £0.5 07402 0.10£0.1 0440.1 17.1 £0.7
A-16 Wedge 49409 41410 115208 480+1.1 0.6£0.1 3.0+£06 06401 080+007 69+05 0.7+02 0.00£0.04 034+0.1 18.6 + 0.8
A-17 Shark 36408 39+1.0 10708 539412 05+0.0 1.7+£04 05401 0.80+£0.09 77406 05402 0.10£0.1 04+0.] 15.8 +0.7
A-18 Half Dome 40+£07 34+08 12309 500+1.1 06+0.1 3.0+£06 0.74+02 1.0+008 60+05 074+02 0.10+£0.1 04+0.1 17.9 +£0.7

Key: All X-ray Na,O* values are calculated from a-proton mode Na,0O/Si0, values except for A-9, disturbed soil by Scooby Doo, which is derived from X-ray. Errors are
the statistical and laboratory combined error, at the 1o level. Sulfur 1s assumed to have +6 oxidation state because of its high abundance, and because of the Viking soil
analyses which support this oxidation state (Toulmin ¢f al., 1977). Feis assumed to have +3 oxidation state in the soils and +2 oxidation state in the rocks based on IMP
(Imager for Mars Pathfinder) red/blue ratios which indicate more oxidized iron in the soils than the rocks (McSween ef al., 1999).



* Pontecorvo, B. — Neutron Well Logging: New Geological Method Based on
Nuclear Physics. — Oil and Gas Journal, 1941-42, vol. 40, no. 18.

- E. Amaldi and E. Fermi — On the Absorption and the Diffusion of Slow
Neutrons — Physical Review (1936), v. 50, p.p. 899-928

« ®nepos I.H., AnekceeB ®.A. — icnonb3oBaHMe pagnoakKTUBHbIX U3/TyYEHUN
npu pasBeake N paspaborke HepTAHbIX MecTopoXkaeHUN — [loknaa Ha ceccnm
AH CCCP no MMpHOMY UCNO/Ib3OBaHUIO aTOMHOWN 3Heprun 1-5 nrona 1955 r., M.:
Nzpatenbcteo AH CCCP, 1955.

« ®nepos I.H., Anekcees ®.A., Epozonumckun b.l'. — NMNepcnekTnebl
MCNO/1Ib30BaHUA paANOaKTUBHbIX U3JTYUEHUWU B F€0N1I0MMN NPU NOUCKe N pa3BepKe
nosae3HbIX NckonaembiX — Tpyabl BcecotosHoM HayuHO-TeXHUUECKOU
KOoHdepeHL N NO NMPUMEHEHNIO PajNOaKTUBHbIX U3OTONOB N U3TyYEeHUN B
HapoAHoOM xo3sucTBe N Hayke. M.: Toctontexunspgar, 1958, c.17-28.

« Eposonmmckun b.l'. u gp. — HoBble MeToabl UccnepoBaHNA 6YPOBbIX CKBa>XUH,
OCHOBaHHbIe Ha UCMOJ1Ib30BaHUN UMNYIbCHbIX HEUTPOHHbIX MCTOUHUKOB —
HedTtaHoe xo3ancreo, 1958, N911, c.58-64.

* Flerov, G. N. — Application of nuclear physics methods for exploration and
development of the oil and gas fields, Radioisotopes in the Physical Sciences and
Industry, Press. Conf. Sept., Vol I, pp. 117-122, Vienna, IAEA, 1960
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Neutron Moderation in Soill
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Experiment DAN onboard
Cur|03|ty Rover

M Jet Propulslon Laboratory JPLHOME  EARTH  SOLARSYSTEM  STARS & GALAXIES  SCIENCE & TECHNOLOGY
California Institute of Technology BRING THE UNIVERSE TO YOU:  JPLEmall News | RSS | Mobile | Video
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CURIOSITY
EXPLORE .

" CURIOSITY'S HOME!

Updated Curiosity Self-Portrait
at 'John Klein'

This self-portrait of NASA's Mars rover
Curlosity combines dozens of exposures
ki taken by the rover's Mars Hand Lens
. Imager (MAHLI).
» More >
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Neutrons Die-Away Spectra from

DAN

O CETN s0I35 11h54' : O CTN-CETN sol35 11h 54'

—————1————~ ExpDec2Fit of CETN soI35 11 ] ExpDec1Fit of CTN-CETN sol35 11h 54" ]
4 Model ExpDec2 i )
y = At*exp( -x/t1) | 1
1E-3 o Equation +A2*exp( -x/t2) + 1E-4 _
] y0 — E E
] Reduced Chi-Sqr 1.45085 % ] ]
1 Adj. R-Square 0.99347 g ] ]
= Value Standard __ J J
?"i CETN sol35 11h54' y0 9.78646E-7 280 I
S g4 CETN soI35 11h54' A1 6.84511E-5 2.95 “_C’ 1E-5 o E
- ] CETN sol35 11h54' t1 187.23185 3 = E ]
3 1 CETN sol35 11h54' A2 0.01638 (5 ] ]
= - CETN sol35 11h54' t2 39.77036 1@ 1 :
= ] o} ]
‘L(_) ] ; Model ExpDec1
a} - 1E-6 E Equation y = Al*exp( -x/t1
% 1E5 4 3 [ ) *+¥0
Z 3 > 1 Reduced Chi-Sqr 32.07738
E 1 = 71/ Adj. R-Square 0.97405
o | © 1 Value Standard Error
] 1E-7 || CTN-CETN s0l35 | y0 0 0 i
J CTN-CETN sol35 A1 0.00249  2.80262E-4
1E-6 4 1| CTN-CETN sol35 t1 413.91571 13.4941 i '
4 T
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MCNP Simulations

O CETN, dry soil, density 1.7 g/lcm”3
ExpDecay1Fit of CETN, dry soil, density 1.7 g/cm?3 | ' |

Model ExpDecay1 i
. y =y0 + Al*exp( -
b Equation ( xx0) 1) o
Reduced Chi-Sqr 20.95614
™ Adj. R-Square 0.98839
< 1 E-4 4 Value Standard Error |
e ] CETN, dry soil, de y0 3.09113E-6  3.95529E-7|
8 b CETN, dry soil, de x0 232.99848 7.68025E7 | o
o 1 CETN, dry soil, de A1 1.81833E-4 268.93877 | 1
N~ i CETN, dry soil, de t1 51.92728 240116 | ]
— < -
> .
= -
n
c
GJ - -
©
0
» 1E-5 4 _
-c -1 -
=z E -
= 1 ]
L
©) . ]

T | ' I
200 400 600

Time ( usec)

w27



MCNP Simulations

O CETN, soil with water 15%, density 2 g/lcm”3
ExpDecay1Fit of CETN, soil with water 15%, density 2 g/cm”"3

Model ExpDecay1

=y0 + Atl*exp( -
Equation { x-):(O) 1) ol
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

1E-4 S

CETN, soil with water 15%, density 2 g/cm”3

100 150 200 250

Time ( usec)

CETN calculated, 15% water soil, =30 S-i




MCNP Simulations

== Calculated CETN inverse lifetime vs water content
0.034 4 -

0.032 —- -
0.030 —- -
0.028 - -
0.026 —- -
0.024 —- -
0.022 —- -

0.020 H -

0.018 -

0 2 4 6 8 10 12 14 16
Water ( weight %)

Calculated CETN inverse lifetime vs water content ( usec”-1)

VS water content
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Lifetime Variations

=== F pithermal neutrons inverse lifetime
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Proving Ground for Martian Soll
Simulation

¥ Plastic containers
filled with glass balls
= with addition of
Fe,O,, CaO, MgO,

— . W Al,O;3 and variable H
’ 1 concentration.
NN //”'// . Plans for 2013-2014
' % o
ﬂ oz /*am " i

":‘( . f !@'
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Conclusion







