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Present: The measurement of moisture
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via
satellite remote sensing
(optical, microwave)
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via
local techniques
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Can neutrons of the cosmic radiation...

...be used to probe the

primary (high energetic) moisture content of the soil §

T nucleus
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Can neutrons of the cosmic radiation...

...be used to probe the

primary (high energetic) moisture content of the soil §

nucleus

2 1 5__':-,; L
L O, O,
-JI- :Ix 1

UP73 Markus Kohli



Can neutrons of the cosmic radiation...

...be used to probe the

primary (high energetic) moisture content of the soil §

T nucleus
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Why a Monte Carlo simulation?

Neutrons are difficult to detect...

moderator
4 [thickness depends on energy]

detector (absorber)
just counts

...with bad energy and angular resolution
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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The cosmic neutron spectrum
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Neutron spectra examples
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Intensity [A.U.]
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Intensity [A.U.]

Neutron spectra for different humidities

21% vol moisture

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

10°10%10710%10°10410310210™" 1

10 10?10° 10*
Energy [MeV]

. (with thermal neutron cutoff)

50% @ 20°C

50% @ 30°C
100% @ 30°C

100% @ 35°C

100% @ 38°C

UP73 Markus Kohli



Neutron spectra for different humidities

. (with thermal neutron cutoff)
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Neutron spectra of a simulated Detector
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Range distribution of scattered neutrons

| Water Content: 0.05, Total entries 2829 |
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Range of the cosmic neutron probe
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(o]
o

E T}
(] — .
S 80 Radius of 95% of the neutrons (Q, ¢s)
S " ] i
. — 300
70 m - E E
- s ™
60 § 250"
- ] u
50 r n
E ] 200_ -
40 E_ u 150 "
30 =3 100f-
20F- -
= 50_—
10 -
: GT 1 1 1 | 1 1 1 I 1 1 1 I 1 1 L I 1 1 1 I 1
T 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 0 20 40 60 80 100
% 20 40 60 80 100 molsture [Vol %]

moisture [Vol %]

11 UP73 Markus Kohli



Concluding...

Cosmic ray induced neutrons provide a probe for soil moisture

c————— )

e [If the detector is well suited for 10 eV to 100 keV]

&= [and other - more easy to determine - influences are known]

&= especially for slight changes at low moisture

& 4 == in aradius of about 70 meters at Q) .4

12 UP7.3 Markus Kohli



Outlook

__Understand data collected by actual in-the-field measurements

i3
- (Moisture Sensr Array)
@ (Neutron Monitor)
&
; j_: \ Think of: How should a detector look like?
b B - '
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Example Cross Section

Incident neutron data /| JENDLIHE-2007 I 016 /I Cross section
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