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Introduction

User friendly interface
No prior knowledge of Geant4

Generated macro file can be used directly by local
Geant4 application

Interaction with other SPENVIS models & tools
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Introduction

Coordinate generators
Radiation sources and effects

Spacecraft charging

Atmosphere and ionosphere
Magnetic field

Meteoroids and debris

Miscellaneous

Geant4 Tools

General models

Multi-Layered Shielding Simulation (Mulassis
Geant4 Radiation Analysis for Space (GRAS)
Geant4-based Microdosimetry Analysis Tool (GEMAT
Sector Shielding Analysis Tool (SSAT

Planet specific models
Magnetocosmics

Planetocosmics

Common settings

Definition of source particles
Definition of physics models
User defined materials

Geometry definition tool

ECSS Space Environment Standard
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Introduction

Coo generators

Source particles

Geometry
missing | Analysis parameters | Need user selection S

Advanced settings | Layer 1 G4 Al - 1.0 mm v | grey v

Material definition Layer 2 ‘ G4 S - ‘20 mm - ‘ yellow v

Region cut-in-range
Format: Virtual Reality Modelling Language (VRML) +

Physics models
General models Particle tracks: Display v

Layer number Thickness (unit)

Multi-Layered Shielding Simulation (Mulassis)
Geant4 Radiation Analysis for Space (GRAS) Save >

Geant4-based Microdosimetry Analysis Tool (GEMAT)
Sector Shielding Analysis Tool (SSAT)

Magnetocosmics defined | Source particles mono-energetic, e-
Planetocosmics

defined Geometry Planar slab, 2 layers

Common settings -
defined | Analysis parameters Fluence

Definition of source particles
Definition of physics models Advanced settings

User defined materials defined | Material definition 2 material defined

Geometry definition tool Region cut-in-range

defined Physics models Standard EM, Hadron

Create macro
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Geant4 Tools

General models

Coo generators

Multi-Layered Shielding Simulation (Mulassis)

Geant4 Radiation Analysis for Space (GRAS)

Geant4-based Microdosimetry Analysis Tool (GEMAT)

Introduction

Source particles

Geometry

missing

Analysis parameters
Advanced settings

Material definition

Layer number
Need user selection

Thickness (unit)

Region cut-in-range

Physics models

colour
Layer 1 G4 A~ 1.0 mm v grey v
Layer 2 ‘ G4Si ~ ‘ 20 mm v ‘ yellow v

Format: Virtual Reality Modelling Language (VRML) ~

Sector Shielding Analysis Tool (SSAT)

Planet specific models
Magnetocosmics
Planetocosmics

Common settings

Definition of source particles
Definition of physics models

User defined materials

Geometry definition tool

SPENVIS
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defined

Particle tracks: Display

v

Reset || Save>>

Status| __ Settings | __Remarks__

Source particles mono-energetic, e-

defined

Geometry Planar slab, 2 layers

defined

Analysis parameters

Fluence

defined

Material definition

2 material defined

Region cut-in-range

defined

Physics models Standard EM, Hiedron

Create macro
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Overview of the Geant4 models in SPENVIS

Geant4 Radiation Analysis for Space (GRAS v2.3, v3.1)

— General space radiation analysis for 3D geometry models

Multi-Layered Shielding Simulation (MULASSIS v1.19, v1.23)

— Radiation analysis for a multi-layered, one-dimensional shield

Geant4-based Microdosimetry Analysis Tool (GEMAT v2.4, v2.8)

— Microdosimetry effects of space radiation on micro-electronics and micro-sensors

Sector Shielding Analysis Tool (SSAT v2.1)

— Performs ray tracing from a user defined point within the geometry to determine
shielding levels and shielding distributions
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Overview of the Geant4 models in SPENVIS

e MAGNETOCOSMICS (v2.0)

— Charged particle trajectories & magnetic field lines
— Cut-off rigidities as a function of position

e PLANETOCOSMICS (v2.0)

— Definition of a planetary magnetic field, atmosphere & soil
— Interactions of cosmic rays with planetary environment

e Supporting Tools
= Geometry definition tools
= GDML analysis tool
= Material definition tool
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Overview of the Geant4 models in SPENVIS

Other:
e Mars Energetic Radiation Environment Models (MEREM)

e Jupiter Radiation Environment and Effects Models and
Mitigation (JOREM)
— PLANETOCOSMICS-)
— Genetic Algorithm Radiation Shield Optimiser (GARSO) for MULASSIS

* MC-SCREAM

— NIEL based damage equivalent fluences for solar cells
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SPENVIS
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Material definition

User defined materials (4)

G4_Al (al) Del
G4_GLASS_PLATE (*N.A.*) Del
G4_ALUMINUM_OXIDE (al2-03) Del

gallium_arsenide (Ga-As) Del

Adding new material

Source: NIST compounds ~
Material: Calcium Tungstate

Chemical formula: Ca-W-04

Density [g cm>]:  6.062

Reset Save >>

User defined
SPENVIS list
MIST pure elements

Blood ICRP

Bone Compact ICRU
Bone Corical ICRP
Boron Carbide
Boron Oxide

Brain ICRP

Butane

n-Butanol

C-b52

Cadmium Telluride
Cadmium Tungstate
Calcium Carbonate
Calcium Fluoride
Calcium Oxide
Calcium Sulfate

Carbon Dioxide
Carbon Tetrachloride
Cellulose Cellophane
Cellulose Butyrate
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Material definition: User defined

No user materials have been defined
Adding new material

Source: User defined

Name' :
Chemical formula:
Density [g cm™]:
Add

(*) should include only letters, digits or underscores and start with a letter

Reset Save >>

<Y 'SPENVIS SPENVIS User Workshop
— Brussels 2013



GDML geometry definition

GRAS execution mode:

Source particles
Source geometry :
error | Analysis parameters Load GDML first

Advanced settings

missing [ GDML definition | Need user selection
Region cuts-in-range
Physics models

Settings

Shielding distribution
Ray tracing
missing GDML definition Need user selection

last geometry definition
uploaded GDML file

SPENVIS
/-\

new file upload

Title: | simple geometry

D:\Users\neophytos\Documents\SPENVIS-4\SPENV | Browse._

Reset Save >>

SPENVIS User Workshop
Brussels 2013




GDML geometry definition

COIT oM new file upload v

simple geometry

D:\Users\neophytos\Documents\SPENVIS-4\SPENV | Browse_

Reset Save >>

Shielding distribution

Ray tracing
defined GDML definition upl,|GDML file analysis |

Create macro >

P

<OV SPENVIS
/",----.~\\

File:

Surroundings:

Statistics:

Structure:

GDML file
spenvis_gdm.gdml (1381)
Content summary

volume World'

material 'Vacuum

2 material(s)

1 solid volume(s)

0 empty volume(s)
Stucture overview
¢ World (Vacuum)
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Incident particle source: User defined

Source particle type and spectrum l

Environment: Userdefined ~ | mono-energetic ~ linear

power law
exponential
tabulated

Number of primary particles to simulate: 100.000
Warning: Particle track visualisation will be disabled!

Incident particle type: | proton ~

Incident energy spectrum

Mono-energetic energy: 35.0 [MeV] positran

proton
Fluence/(Flux) intensity: | 1.0 [em™? (s'1)) neutron
alpha
an
Minimum angle: 0.0 [degrees] gamima
geantino

Angular distribution: [LEGERETY -

Maximum angle: 90.0 [degrees]

isotropic
parallel beam
nonge

Reset Save >> Create GPS macro
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Incident particle source: Mission based

Source particle type and spectrum long-term solar particles

Environment: Missionbased ~ |trapped particles -

Number of primary particles to simulate: | 100 10

Incident particle type: |electron ~ 1.000

10.000
Incident energy spectrum - 100.000

1.000.000

Mission average spectrum 10,000,000

Don'tuse ~ energy biasing

Interpolation type: |linear -

Angular distribution
power-law
exponential The angular distribution follows a cosine-law.

cubic spline
Reset Save >> Create GPS macro
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Incident particle source: Mission based

Source definition

SPENVIS particle sou
Project: SPENVIS USER |
title:
tegral Flux'
1,'Differential Flux/|

R R e L U

/gps/particle proton
/gps/ene/type Arb
/ops/hisct/type arf

ist/poi
ist/po

ist/poi
ist/poi
ist/poi

000000
00000

OWOOO0OC
OO0 O0OO0O0O0

/ops/hist/poin
/gps/hist/poin
/gps/hist/poi
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin
in
in

O0O0O0O00O0O0OO0

SPENVIS mission
average spectrum e.g.
from AP-8

2.
&
4
3
2
3
3
S
2
&
4
)

OO WOO0OO0O0OO0O0

/ops/hist/po
/gps/hist/po
/gps/hist/poin
/gps/hist/poin
/gps/hist/poin

WNONWBLOOHWWEWLONNKEW -
00000

o

To
f(T)dT = F(Ty) — F(T})
T,

WwmENWOMDRe W

£

#Normalisation

/control/alias NORM_FACTOR_ENERGY
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GDML source geometry for GRAS

Length units: [mm] =

Centered at: world v Position of
x: 0 y: 0 ‘z: 2000 the source

e
:Type: ‘ disk ~ radius: 20

Pointing to: Target_001:Target_001 (mat_Silicon) Direction of

the gun

x: 0 y: 0 z: 0

Format:) Virtual Reality Modelling Language (VRML) ~

Particle tracks: Display v

Reset Save >>

Encapsulated PostScript (EPS)

<\ SPENVIS
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GDML source geometry for GRAS
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Physics scenario

]

StandardEM  ~ | processes

StandardEM  ~ processes

Low-energy EM

V| Show more options

Hadron v nuclear interactions
No low-energy ~ neutrons

No lepton-gamma ~ transport
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Cut-in-range

General principles in Geant4 regarding secondary particle production cuts:
1. Each process has its intrinsic limit(s) to produce secondary particles
2. All particles produced (and accepted) will be tracked up to zero range
3. Production cuts-in-range are assigned to regions

A region is a collection of geometry volumes.

Default region covering the whole geometry with global cut-in-range for gamma,
electron and positron productions.

User can change the global production cuts-in-range. The default values for the
global cuts-in-range length is 1 um.

A cut of for example 1. mm for photons means that no photon will be produced if
the expected range in the current material is less than 1. mm.

SPENVIS SPENVIS User Workshop
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Selecting analysis parameters

PUELUVSTRAHEE Total ionizing dose -

Energy deposition / TID

Fluence

Output units: rad ~

Select 2 ~ wvolumes for analysis:

GRAS only
Mon ionizing energy loss
Dose equivalent analysis
Eguivalent dose

Volume 1: Target 001:Target_001 (mat_Silicon)

Volume 2: Target_111:Target_111 (mat_Silicon)

Reset Save >>

MULASSIS
Analysis type: [EPTRTE R

Energy deposition / TID

Output units: rad ~
Select layers for energy deposition/total ionising dose analysis:
1 2 v

Reset Save >>

P
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GRAS fluence analysis: GDML mode

LUELVEER WV TH Fluence v

Select particle type(s): jent particle
electron
gamma

pion
muon

Select 3 ~ interface(s) for analysis:
1. from ~ Spacecraft2:Spacecraft2 (mat_Aluminium) ~
2. to ~ Target _000:Target_000 (mat_Silicon) -

3. between v Spacecraft2:Spacecraft2 (mat_Aluminium) ~ and Target 001:Target 001 (mat_Silicon) v

Energy binning mode: linear -

Number of bins: 10

Lower edge of lowest energy bin: 0.0 MeV ~
Upper edge of highest energy bin: 100.0

Reset Save >>

<\ SPENVIS
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GRAS fluence analysis: GDML mode

LUELVEER WV TH Fluence v

Select particle type(s): L EL A
electron

&
gamma _ ¥
oton #hnalysis definition
sutron | > :
pion ¥
muon - /gras/analysis/fluence/addModule fluencel

/gras/analysis/fluence/fluencel/addVolumeInterface {Spacecraft2}

Select 3 ~ interface(s) for analysis:

@ ~ Spacecraft2:Spacecraft2 (mat_Alu@

2. to ~ Target _000:Target_000 (mat_Silicon) -

3. between v Spacecraft2:Spacecraft2 (mat_Aluminium) ~ and Target 001:Target 001 (mat_Silicon) v

Energy binning mode: linear -
Number of bins: 10
Lower edge of lowest energy bin: 0.0 MeV ~ |

Upper edge of highest energy bin: 100.0

Reset Save >>

/gras/histo/setHistoByName fluencel fluence e- 10 0.000E+00 0.100E+03 MeV 1lin
/gras/histo/setHistoByName fluencel fluence proton 10 0.000E+00 0.100E+03 MeV 1lin
/gras/histo/setHistoByName fluencel fluence neutron 10 0.000E+00 0.100E+03 MeV 1lin
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Future work

Separate macro file for the source + GCRs as source
Revisit physics scenario definition

New functionalities in GRAS v3.1. e.g. reverse MC,
normalisation, new analysis types (LET analysis,
charging etc.)

Geant4 models will continue being an important
element in the new SPENVIS-NG

New models will be more easily integrated (plug-in
models, machine-machine interface etc.)
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Useful links

Geant4 General Particle Source Users Manual:

Geant4 home:
Geant4 Space Users:
GEMAT home:
GRAS home:

MAGNETOCOSMICS home:
MULASSIS home:
PLANETOCOSMICS home:
SSAT home:
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