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INTRODUCTION




WHY STUDY SOIL MOISTURE?

— Problem agriculture: water efficiency only 50%
— Knowledge about soil moisture can help
— Goal project: Improving water management using CRNS
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OTHER APPLICATIONS

— Forecasting and mitigation of natural disasters

— droughts, landslides and flood risks
Climate and global warming —

Electrons
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COSMIC RAY NEUTRONS




COSMIC RAY NEUTRONS
— Origin
—> primary cosmic rays interact with
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CONNECTION WITH SOIL MOISTURE

Fast neutrons moderated and thermalized by hydrogen

atoms in soil
— captured or diffused back into air as slow neutrons

(E~1eV)
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COSMIC RAY NEUTRON
SENSING (CRNS)




HOW TO MEASURE SOIL MOISTURE?

Soll moisture measurements

- small scales: visual, gravimetric method, invasive sensors
-> large scales: remote sensing using satellites

- field scale: CRNS %
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FINAPP CRNS DETECTOR

— Counts slow neutrons

— Radius: 125 m

— Depth: 0-50 cm depth &

— Average soll moisture \
measurement %%\ /
- :R- Sl |~ omuge s

0+50 cm
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FINAPP CRNS DETECTOR

— Detector
Solar panel & battery
] A 20W solar panel and a battery (included) power —
9 S h e et S ] the probe that consumes 0.5Wh N
s}
e SLiF: thermal neutrons Neutrons/muons detector
Neutrons/muons detector is equipped with a n :
shielding of High-Density Polyethylene (15mm) g 5
&
ol | ] 3 4 .
Li+'n-~°H+"He + 4./8 MeV Waterproof box P67 \__, §
All the sensor, electronics and backup battery are i 5060000
housed inside an IP67 waterproof box L]

« ZnS:Ag (scintillator): 3H, 4He, muons
-> Pulse Shape Discrimination algorithm
— Powered by solar panel and battery
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FROM NEUTRON COUNT TO SOIL MOISTURE

Soll moisture

t 0.0808
O(N) = . _0.115
Neutron count *" (N) -0.372
0

~ Neutron count over dry
SOl
Eut calibration and corrections needed!
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SCINTILLATION DETECTORS




SCINTILLATION DETECTORS

— Set-up 1: “LiF:ZnS scintillator layer
- plastic scintillator cube —
- neutron screens < <4 ‘/;c,.,

5Li +1n 5 3H + “He + 478 MeV S
- wavelength shifting fiber |
% S| PM Reflective wrapping
- HV supply
- oscilloscope ﬂ \‘IIF"” .

__ = detects mostly muons, % ' \ Ef’

o sometimes neutrons <[ | | INAN
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SCINTILLATION DETECTORS

— Set-up 2
- 4 cubes
- mostly muons

— Set-up 3
- small thermal neutron detector - [
- should only be able to detect | \ TR
n eutr OnS 6.4mm [N E +— WHITE PLASTIC RING
— T | \
M CLEAR PLASTIC
GHENT

UNIVERSITY 17



N

GHENT
UNIVERSITY




|

)

Ihx\\\l|‘

UNIVERSITY




WHAT TO DO NEXT




WHAT TO DO NEXT

— Simulations: URANOS, Geant4
— Use digital scope for different set-ups
— Comparative study of different sensors
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https://twitter.com/ugent

FROM NEUTRON COUNT TO SOIL MOISTURE

— Invert to find N,

0.0808

N) -0.372

Ny

-0.115

O(N) =
|

— Probe measures N and calculates 6
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CORRECTIONS TO NEUTRON COUNT

1) Atmospheric pressure
2) AIr humidity
3) Incoming neutrons

4) biomass

N — Nraw ' Cp ' Ch ' CiIlC ) Cveg
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CRNS_Soil_Sampling_diagram _ -

‘ N R ls I CRNS_Finapp R
C L I B I O N O Sampling_Points s
-1 100m_Buffer

Gravimetric method: N,

1) 72 samples
2) weigh samples
3) dry in oven
4) weigh samples again
5) soil moisture of every sample: 6 —{
6) take average
-> problem: sensitivity CRNS
— —> solution: weighted average
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CALIBRATION: WEIGHTED AVERAGE

1) Estimate average value

2) Calculate the penetration depth D of
the neutrons for each profile P

3) Vertically average the values 6, over < ¥+ = /
layers L, to obtain a weighted I I
average for each profile P
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CALIBRATION: WEIGHTED AVERAGE

4) Horizontally average the profiles @) I\ -y
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GEMS

— Gas electron multiplier
-> thin folls with holes

- filled with 1onizing gas

-> strong electric fields
create electron avalanches
— GEM B coated on foils can detect neutrons

:

ElectricFleld

9B 4+ n—"Li+a+2.79MeV (6%)

- OB+ n—'Li* +o+2.31 MeV (94%)
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