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Software: Neutron transport was modeled with the adapted Monte-Carlo code,URANOS*, devel-
oped by the Physics Institute, Uni Heidelberg. Several tests demonstrated consistency with MCNP.
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Background: The presence of hydrogen near/in the ground

1C- reduces the neutron abundance in a predictable way. Thus, .
cosm IC Ray area-average soil moisture can be monitored by detecting Rad Ial
Sensitivity

N @ utro ns cosmic-ray neutrons in air. Motivation: The spatial extent of
the method was previously estimated to have a 300m radius

The average soil moisture

estimate from neutrons is

At the top of the atmo- by using a simplified numerical model that released neu- dry soil,
neither an equally nor an

sphere, primary cosmic trons in the soil. Recent experiments, however, indicated 0=1%
rays generate high- that the sensor is extraordinarily sensitive to the near field.
exponentially weighted 1.7x larger footprint over land Nearly isotropic footprint Isotropic footprint =~ 8=5 %
3.5x higher intensity from land | 1.2x higher intensity from road | Isotropic intensity = h=5 g/m’

Radial Sensi
(relative units

Novelty: We release simulated cosmic-ray neutrons in the
atmosphere from a validated energy spectrum. A newly .
developed software allows to answer open questions on the wet SOI|, mean. Most of the detec-

horizonal weighting, penetration depth and terrain effects. 6 =50% ted neutrons N probed the

Consequences: The footprint is smaller and not constant, ‘I:”;’,;':;:f‘?’ soil within the very first > A“lSOtropy & gueL which clrgction .ar.md sl
S do neutrons preferably originate (grey)?

which willimpact data interpretation and applications. 5 meters around a sensor o
D izontaMvelghting Terrain EffECt What is their directional intensity (red)? _

ratheris:

energy neutrons, which
propagate down and
get moderated by air.
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to Water

High-energy neutrons are _ | =
comparatively insensitive | N el it ey sioa
to water. At lower energies * h UL s s RN I L g (3 g A el P e b | THES
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main, hydrogen can effec- | R | st : | SN : . | '
tively moderate neutrons. i s ' R e S R L ELL R oty R TN, _ ] e dry alr R TR T Rt I B I VA

14 Veg. height 14 Air pressure

S s v

and sensitive also to other ey e S S S e R Gy e e o s il lrs | s G35 R e e e s W Y ) ST DA O I e S s
3 SR Im ~ 2m 08bar . 1bar
chemical compontents. M Sy L S e A SR A e F i L L e A e e O AT
i - " - : o g SETLRNY Ba ---- .I‘;_:. s AT et S LA L = i Tk - P ; % > -tll.-*-. 'dl "T".H i "'.}r"a' " - -,' "'.-_'i v Yy H-p._—_"i
- AT e S e LA A 8 DR M T e N S S : L A T 0% i r o AN Vit aet Lo 2P
3! . '.tf."-" 1 et L y Fp 0 ,-."l""‘. - PR M " .‘. I o bR ™ - - X - -
5 N .-"' I L% ‘:-. ;._. .I_ o+ + _-“'__ .__! : t-._ :'- _ ‘*':. :-. { ] o) ‘ 4 f. -..J;.r_.‘ ""‘f:' ‘_I,T;;!!i- : i __"",:\-— - . 1 _.n. -, . ; " i y X
M ¥ . : : -'...;1 ::N’I:’ '.‘:, ; J 5 " ' e > . ... ety ll 3 . T =': \..._ L 4 L .--..- i
: ; —, : e '.,-‘ b.‘.-ikb";;?i. . I-_ A ';.: < o i U T TR i3 (AT C A, T gy SRR s LA L, T At g j{_“ Pk ¥ | “{ o e -’-.':--_tr:'. Saie }"..'i.. Ao it _
N R AL R e, o gk o b . o L | 5 [, “ kil Wiy gl F o) . _ et N e = L A R bR P g o " d b . L TR R = L h AT T oy i - - & .
The f“" Valldated Spectrum =, o s > ._*___'_.'__j: e "-_';'.‘;,.- _‘ *: 5 .‘_',*.._ X A moderated He deteCtOr ;J w.} . L 4t -.T:‘. ‘F,I: s v g ! . f“_ .H. ..-n"P P .1 .,;-.--_ ', <. 1- o ;:.-. .'.' i3 A, .:i.'. : 'I",.'i_" T8 {5 '.-' o 5 s ..“" Lo s ‘: e s w:,f,:--".v ;.E+ - X! L ' -:-,;, '-",h ' 5 4 , .}; PU 3 L
. o el ' 1_. v v .'J" A ‘.‘ _‘-T f i ‘:': 3 - ‘_.I‘. ,-.ll_ ] 1.:'. ,'. ¢ .. L I.-‘._; L AN ‘— Tyl by . f' " b T3 -."',J ) ,.:--_”_.___‘ .__Ir.‘ f'..."‘ 'y (, - _.Hl". i '. e .'r.- ' i IS . . i it _!- H-_..‘” :.'.-’_‘-':. ‘:I - e g = J L \.-- i 41I ! : .
(from Sato & N“ta’ RR’ 2006) ‘,‘__l , . '. : '.. _'_1:‘ i 'le Cm counts neutrons Of the a4 WA ’ -_-“.T_.:_.:_" . .*.i.n_ R --‘-,L-_. ) __-,;\.I M By . gt ‘ Ry g ’ I‘ g Cline BN, X .._-.g:_-- ' ’; p " ;5‘, _"- -._" - ‘.';'j" ) "':"_1;:;-;_ S 2 3 e ‘ .l..”_ :
W g i, . 4 e T i L A R Ey i . 1 L - Pl e S o " el AL L TP X ik | L wEa o AR N, il h i ] g T -.* s e b "--' e = e o gl . g e X -_.r' o 1 J

. - T L oy "’ el 1 A Ay “,vﬂ,.f- " "_Id-:.'._ i _-' L '.I:_I W __,"' . 1 Lt fae o, o : ° L | ;" ki ..'_ g _';— % '_‘-_ > ~ e 1 e L : T-. Y ' . o “ s I-'_ | ": /i 4 " [ ol S J ' ' i, o8 . - i o ", .1 il FY. o e ' & " ":,.J‘ S W - e P ,'-: 0 ., T . v S Ny " : b 3 3 - ¥ - -."I I
f i e s o P R e Y T, - o . [ i . ™ » . 1 s i el | # " . L . " ] - . v o | L . i~ il . s i - i L1 - LT
iy Wi iy | % AL E‘ ':u-‘;-_ s ' ie +r o ri ; ¥ "l e, | . sk i ] % iy, . 4 *43 y e _.', Y - , it e ; : 7

ol } F - i 'S "'lf-. J iy e ™ -"'!. = - iy y ' i | _. i 4 & & " b - b » . 4 = it - o 1 5 ' o - o e, ] ¥ o .
o ¥ ! ", ! . " 2 (s -" -I . :P f i @ i '-.' —d T, - ‘ ¥ s .' . '.I ’ LN | o ] i .‘. :i ’ 3y - | ol | o 4 ’ A 1 ok " L ..- : | . -l'l.-' ' LT o r L ' ' 7-!‘-' . . . - r - Ll %, ' L J .'If...' .' LT E - "
e - - i gt . .. ' o il TANS " " " o TR ild b . e ’ ] ol o ¥ F g ¥ ok - ’ To L s e ] -y iy o, i : . .
e -t b P, _j : 'T-“" ,';‘. J : - . rie a”‘; b i .."__.r "'... ' o "‘\.'l-'-'-. r.". i | ‘_ _r_r A : 4 . L y 1 . 4 4 -‘- v a A 'y - ",'. L " g .- ,." . .!._ & A . l WP " 3 " .- ¥ -,
i v 4 v 7 I' : -' . b L =% . l' § ¥- b _l.'.r . !" o :"'I'.": s 1 -- r' I 'lr 1 -" T y '-a. .J ‘ . A n ’ ,-I‘ i . i ': lﬂ \ ‘.I' ; I.I . . .‘. -’ O - - R N . k. 473 " '
S22 Mixing in Air GRESE LY o Al e Footprmt e AT e e
- g . e :" i ;--"- :_ -_- " bl '."' -.:'_‘.-;_" .__ :‘ '_-- - __" _-: > g k'- "’ _v ' N .,'i.'-‘_ﬁ_"". '._':. - i " ') oy _. o v - 4 i \ L ,‘-" I._:,I'r‘:"'_:' --_;'w-x & [ " & \ - A , il
NeUtronS dare able tO travel hundreds '-'_"'; -.' P o _'",_5‘,' :r" e B O r ..'-." “_,'- P _-" & DTN R A -;, I AR RTS8 O Lo T J . £ | p ' ,‘& bt WM "-‘*j':lr"1. ; o — l_\;u:-' :""-.. s AL | o
. . I': .‘I- & e " § o . ) 'I‘:-,:_'f: _‘- I'rl. - J L] ", ol :' ) - - ’ " i _‘4 A \'(':’— ! ‘I : ‘\.‘. ‘.l"‘. : 0-. '—. o ey ’1_." - .- r ; e [ :r / F '_!“ l'il L] -~y y _'- ; §
of meters from origin (first contact i EN S e AN o\, G I A <
with the soil) to detection.

4
L |
e
’ .‘ 9)"‘*;‘"
- £ - " e

-
| ¥
= i F A r
Ly [ 4 - Y = =7 g 45 4 ol -
. . e - 1% . <
. b - K .
. , e T - B . i
= ) i L AT ol Al AR R S L ;
o oy A # Jull .3 ’ > 3 ’ i . " .
. 3T 3 - — Ak -
. i - - . i :
| - £ & L » - ") > : ] ~ & L] -
o - | L £ & / - - e - ] - ) '] - w L -

-y =
[

The area under the curve represents B8 IR T AT o e N -_j"i‘-'-;’.';
the total detected neutron intensity. § | kst W | | '
The footprint Rge is the distance A S : |
within which 86% of the detected % A WA P
neutrons originated. ) 1 AVEIENRE AR - '
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Relative *
neutron * —10%
intensity obs

NN, A . Penetration
the reproduction of transect ex- Depth (rl e)

periments across a water-land : | Depth Dge within which 86%

interface. The data also indicates b Dls*tr?nce i _ | of detected neutrons had

the extent of the footprint and - el he e e - g=1\% Ao contact with the soil. b r/lOO
high sensitivity in the near-field. &Ry “P t ? e o2 I‘:pe[m] ' ' | Pbd 8.32+0.14 (0 97 + = )

150.5275° 0= 75 150,

Evidence

The revised model was tested by 15 i

26 42+ 0
0057 ' _*9-.




