Monte-Carlo Simulations

on the

Detector Sensitivity

to Cosmic-Ray nduced Neutron Showers

¢ 3
O Markus Kohli
' U. Schmidt [5 {
(«D AG Dubbers |51 ARG
% Physikalisches Institut
e 4 Ruprecht-Karls-Universitat
(e . Y Heidelberg

' - PR | U in collaboration with: . .
S ; Martin Schron
' : Helmbholtz Center for
Environmental Research

Leipzig
COSMOS Workshop, 7th of May 2014

ﬁ HELMHOLTZ

CENTRE FOR
ENVIRONMENTAL
RESEARCH - UFZ




o i

|
(® \{\\\\“

Large Area High Resolution

4th COSMOS Workshop Markus Kohli



Stacked Solid State Detectors ,‘
adaiy -

shapin% wire anode wire
l

cathode strips

wwg'qT

4th COSMOS Workshop Markus Kohli



Large Area Detector - Segment

1600 mm

218 mm

O With
Cover

O Without
Cover

4 4th COSMOS Workshop ~ Markus Kéhli



Neutron Detector Simulation
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Neutron Soil Simulation

Neutrons
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Why a Monte Carlo simulation?

moderator
& [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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Nuclear
resonances

primary

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

Thermal
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Important Reactions

Type of scattering: Thermal Elastic Inelastic Evaporation
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Example Cross Section
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Altitude [m]

Example Paths

Neutron scattered off the ground Neutron scattered in water
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Example Paths
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Neutron analytical spectrum

Analytical Functions to Predict Cosmic-Ray Neutron Spectra
in the Atmosphere

Tatsuhiko Satee! and Koji Niita®

= Japan Atomic Ererpy Apeacy (JAEA) and * Research Organization for laformation Science and Tectnolegy (RIST), Tharaki, fapan
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FIG. 9. Calculated neutron spectra at the ground level in comparison
with the corresponding spectrum in the semi-infinite atmosphere.
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Neutron spectra examples
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Reverse engineered fom Sato and Niita (Rev. )
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(with thermal neutron cutoff)
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(with thermal neutron cutoff)
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Neutron spectra for different humidities

(With thermal neutron cutoff)
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Neutron spectra for different plant heights W

/
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Scattered Depth Neutron on Surface
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Depth distribution of the cosmic neutron probe

| Depth Distributions |
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Neutron spectra of a simulated Detector

[ all neutrons
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Neutron spectra of a simulated Detector

[ all neutrons
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Range distribution of scattered neutrons
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Range of the cosmic neutron probe

Ranges of Neutrons for different quantiles
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Range of the cosmic neutron probe

Ranges of Neutrons for different quantiles
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Test: Detector propagating over interface
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Concluding...

[Boron solid state detectors may be an alternative]

[Tailor the detector for the optimal neutron energy range]

§ \) Monte Carlo Simulations should be used to model geometries
s to answer some of this week’s questions

@ === Actual results in disagreement with established
s Like:

k’vt === footprint varies with soil moisture

I o == 2e-folding footprint is approximately 150 m
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Quantiles in Distance |
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Water Slow Down Depth from 14.1 MeV to Thermal
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