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»

URANOS concepts

if (detectorEnergyModelZ-»Ewval (THMath: :Logll(energy)) > r.Rodm() )

{
detectorRealisticallyHitted = true;

e written in C++ '

laverRealisticallyHitted = true;
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» URANOS concepts

if (detectorEnergyModelZ-»Ewval (THMath: :Logll(energy)) > r.Rodm() )
{
detectorRealisticallyHitted = true; layerBealisticallyHitted = true;

e written in C++ '
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* linked against ENDF data bases 5
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URANOS concepts

if (detectorEnergyModell-»Ewval (THath: :Logll (energy)) > r.Rodm() )
{
detectorRealisticallyHitted = true; layerBealisticallyHitted = true;

e written in C++

* linked against ENDF data bases 1 H

* Ray-Casting
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»
URANOS concepts

if (detec
to
. rEnergyModel2->Eval
val (THath: :Logl0 {
energyl)) >
r.Rodm() )

e written i detectorReals
enin C++ torRealisticallyHitted = true; 1
ue; layverRealisticallyHitt
3 Hitted = true:
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* \Voxel Engine
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» URANOS concepts

if (detectorEnergyModell-»Ewval (THath: :Logll (energy)) > r.Rodm() )
{

e written in C++
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* linked against ENDF data bases

* Ray-Casting
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* \Voxel Engine

G ELIEL

Neutrons interact with volumes,
(typically) not with surfaces
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» Why a voxel engine?
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—— H-1 elastic scattering

— H-1 absorption

—— 0-16 elastic scattering
~——— 0-16 absorption
—— 0-18 inelastic scattering
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cross section [barn]
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» MCNP input file

pw X 3% 5 BRI P?

—*_mcnpgen—¥*— Pd-103 photon source,H20 phant filled w/cubes,l cube has a sphere

c Cell Cards

11 -10. -1 2 -3 $ sr-90 source in silver foil

2 10 =2.7 -2 4 -3 $ A1 filter

32 -8.02 620 -5 (1:3:-4) $ SS encapsulation

4 2 -8.02 -8 6 -7 $ SS rod

10 0 =20 21 -22 23 -24 25 till=1 $ large water box

¢ 11 4 -1.0 =32 33 -34 35 -30 31 u=l lat=1 §$ water cubes

11 4 -1.0 =32 33 -34 35 -30 31 u=1 Jat=1 fill=-1:1 -1:1 -1:1 &
2 1 25r $ water cubes

12 3 -1.293e-3 -90 u=2 $ air sphere inside cube

13 2 -8.02 90 u=2 $ SS surrounding sphere inside cube

90 3 -1.293e-3 -100 -21 $ air below box

91 3 -1.293e-3 —-100 -20 21 (22:-23:24:-25) $ air around box

92 3 -1.293e-3 -100 20 #1 #2 #3 #4 $ air outside src/rod

. 100 0 100 $ bounding region

¢ SURFACE CARDS

1 pz .03574 $ source top plane

2 pz .03074 $ source bottom plane

3 cz .475 $ source outer radius

4 pz .00574 $ Al filter bottom plane

5 cz .525 $ 5SS encapsulation outer radius

6 pz 1.4 $ SS encapsulation top plane

7 cz .2 $ rod outer radius

8 pz 2.4 $ rod top plane

20 pz 0. $ large box top plane

21 pz -1.2 $ large box bottom plane

@2 px .6 $ large box xmax

23 px —.6 $ large box xmin

24 py .6 $ large box ymax

25 py —-.6 $ large box ymin

30 pz —.4 $ cube top plane

31 pz -.8 $ cube bottom plane

32 px .2 $ cube xmax

33 px —.2 $ cube xmin
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» URANOS voxel engine
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»
URANOS voxel engine

polyethylene rose in a box
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»
URANOS voxel engine

SOURCE

polyethylene rose in a box
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URANOS voxel engine

polyethylene rose in a box
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» URANOS

Neutron tool developed in collaboration with environmental sciences
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Neutrons on soil and water
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» Neutron Animation (Evaporation)
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USER Interface

2| URANOS - The Cosmic Meutron Seil Moisture Simulator

Detector Setup

Export & Display

Soil Maisture [Vol%%]
|

Air Humidity
|

Atmospheric depth [gfcm?]
.|

Topological presets (water, land)
) None
") River, width [m]
") Coast at x [m]
") Island, diameter [m]

_) Lake, diameter [m]

6%

1020

10

10

10

Layers are arranged in the vertical direction, representing different materials or 2D gridded patterns

Layers
Position Height Material Matrix
1 -1000 920 1
2 -80 30 1n
B -50 48 1
4 -25 0.5 1
5 -2 2 1
[ 0 3 20

Load Minimal Config

Source Layer 2
Detector Layer 4

Ground Layer [

Material Codes

[7] Use layer maps

iew layer maps

Load Save

Range

View  Spatial View
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» URANOS Buildup

*
) 1 source
generation £1 spectrum
3
i
nl mey 1eV 1 GeV
1 detector
1 efficiency
track E e
detection 3
TmeV 1eV 1 GeV
surface AN ol
V ~ track
interface
contact
soil
nuclear x;{‘?grl'{ng
evaporation | '
3 centers Custom layers
of arbitrary
size and material
*T.Sato
Features and applications of
the analytical model for
estimating terrestrial cosmic-
ray fluxes: PARMA/EXPACS
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» URANOS Buildup

*
1 source
generation %1 spectrum
1
i
glmﬂ 1eV 1 GeV
1 detector
1 efficiency
1
track 5 T
detection 3
TmeV 1eV 1 GeV
surface AN il
\V/ track
interface ' :
contact \
soil
nuclear sc;{?é:rl'(n _
evaporation centelrsg Custom layers
of arbitrary
size and material
i ——7 | Predefined sources:
| 4|~ Thermal
- j|- Fusion
o i -US.O *T. Sato
o i|- Fission Features and applications of
02 il- AmBe the analytical model for
" i estimating terrestrial cosmic-
gttt | - Moderated Cf ray fluxes: PARMA/EXPACS

.22ii0.. | Physikalisches Institut | Heidelberg University |..........

ene ene® 6.0 810,905 5 e e @8 02 o g 608 S R) 371 LEVEINGIIV I T SIS R I 5 SN DN ANy e B LR WS N WY | 9888 S S e
R eens 0080 0%% O 000t _ sese st e ——————— - & o T RS 89 g e e
008F" _ _o0000%% " _ o008 ®%V " _ _seee®®™ " _ e000e® " — _oe Y Y K A J E




» URANOS Buildup

) 1 source
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» URANOS Buildup

) 1 source
generation £1 spectrum
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» URANOS Buildup

: 1] source
generation i1 spectrum
1
3
-
_ ‘ . ‘ ‘ ‘ 1meV 1eV 1GeV
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»

Performance

Performance [n/(s-GHz-core)]

N® name  description URANOS MCNP6 GEANT4
I std. setup  water body. 5 g/m” air humidity NTP 930 300 70
2 std.setup  ground with 10 % soil moisture, 5 ¢/m* air humidity NTP 450 31 | Epithermal &
3 std.setup  ground with 1 % soil moisture, 5 g¢/m® air humidity NTP 265 250 17 | Fast&High Energy
4 std. setup  like N® 1, with full domain tracking enabled 710
5 std. setup  like N2 1, with thermal transport enabled 260 260 16 With
6  std. setup like N2 3, with thermal transport enabled 130 220 9 | Thermal
7 std. setup  like N® 3, with thermal transport and full domain tracking enabled 120
8 UFZsite  with 10 % soil moisture 500
9  UFZsite  like N8, without voxel geometry but same layering 420
10 detector  thermal spectrum onto a side face with @ = 0° 9170
11 detector  like N 10, with an americium-beryllium spectrum 4060
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»
? Modeling steps

topography
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» Modeling steps

topography
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» Modeling steps
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Modeling steps
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Snow Water Equivalent




» URANOS voxel engine

3D Laser Scanner

P. Schattan
- Kaunertal
Glacier at
N46° 52.2
E10°42.6

* P, Schattan
Cosmic-ray neutron sensing of snow water equivalent in heterogeneous alpine terrain
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»

URANOS voxel engine =

3D Laser Scanner

P. Schattan
- Kaunertal
Glacier at
N46° 52.2
E10°42.6

* P, Schattan
Cosmic-ray neutron sensing of snow water equivalent in heterogeneous alpine terrain

Neutron Flux Density
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» URANOS voxel engine
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URANOS voxel engine
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URANOS voxel engine
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»
URANOS voxel engine

252Cf neutron lab <
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URANOS voxel engine

252Cf neutron lab
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» Bonner Spheres

thermal 1eV-1keV 1 keV - 1 MeV

Bonner Spheres
--+-- 2 inch Mares et al. 3 inch Mares et al.
--a-- 2 inch URANOS 3 inch URANOS
4 inch Mares et al. -« - 5inch Mares et al.
4 inch URANOS  -= - 5inch URANOS

Central Cut

Full Volume
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Log(Energy/MeV)

thermal 1 keV -1 MeV
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Detector efficiency calculation

from guide
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» User interface

Birds-eye View & Spe: Range View  Spatial View  Detector

G E=EEV RSN Computational Parameters Detector Showcase Folders Export Display

Layers are arranged in the vertical direction, representing different materials or 2D gridded patterns

Soil Water Content [Vol%] Position z denotes the depth below surface (z=0) in [m] and refers to the upper edge of the layer
- 10 % Layers override topological presets
Soil Porosity [Vol%:)] Layers
— 50 % Layer Control
Position Height Material Matrix
—

Air Hunidity {045 0.05 1 M [700] - Configuration

0.40 g/m? 2 -0.4 0.15 11 2M [700]

+ Generate
- 7
Air Humidity Exponential Length 3 0.23 0.05 " 3M [700]
I | f g 015 " AM [700] sorcetayer  [3 2]
5 -0.05 0.05 " 5M [700]

Atmospheric depth s 0 0.003 0 Detector Layer
| 1020 g/ Ground Layer

Cut-off rigidity [GV] Material Codes

=
=

Use layer maps

View layer maps
Layer Configuration

Load Save

Load Equipment

. ¥ Position  y Position  z Position s . ming Spectrum
O Nuclear Fission Source

|Zl.40458?| |U.D3125 | |-0.225 |

O Nudear Fusion Source Backscattered Spectrum

% Size v Size z Size Radius
@ AmBe Laboratory Source |D | |lj | |D | |D |
Moderated Californium Source
© Opening Angle Source Direction

O Monoenergetic [MeV]

0
0>0<0
0

O Thermal Directional Angle

O None Thermonudear Transport
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» Small-scale detector test
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» Small-scale detector test =
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» Small-scale detector test
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Small—sc_ale detector test

Eei 5 ‘I Refresh every 227  neutrons
maximum: 2000000 —_— 0,5
Birds-eye View & Specira
0,25
Material Matrix
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Air Humidity figuration
Air Humidity tial Le
E ot
layer maps L
nfiguration
0,25
Load Equipment f H
Incoming Spectrum
Surface Spectrum
Backscattered Spectrum
0,5
0,01
nudear Transpart Energy [MeV]
0,5 0,25 0 0,25
x [m]

spavss

senoo®



»
Small-scale laboratory test
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Small-scale laboratory tes

5
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URANOS model paper 2023

Paper:

Articles / Volume 16, issue 2 / GMD, 16, 449-477, 2023
https://doi.org/10.5194/gmd-16-4409-2023

© Author(s) 2023, This work is distributed under

Article || Assets Peer review
the Creative Commons Attribution 4.0 License.

Model description paper | @@®

URANOS v1.0 - the Ultra Rapid Adaptable Neutron-
Only Simulation for Environmental Research

Markus Kahli &4, Martin Schrén, Steffen Zacharias, and Ulrich Schmidt

Public repository (Sources, Wiki, Windows, Linux):

> Griinde, die fiir GitLab sprechen  Preise  Vertrieb kontaktieren  Erkunder file 0s
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[l Planen B
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& Build > URANDS-Cent0S7 -+ Linux/CentOS 7

https://gitlab.com/mkoehli/uranos
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ROOT 6.22.08
ROOT 6.30.02
ROOT 8.30.02
ROOT 6.30.02
ROOT 6.30.02

ROOT 6.22.08,

QT 514.2

, QT 518.3

,QT 514.2

, QT 5.9.7, QT 5131
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