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Outline

• Introduction - Geant4 tools available in 
SPENVIS

• Geant4 tools SPENVIS interface

• Updates & current developments


 
Gras Interface

• Discussion/Conclusions



1. Geant4 Tools in SPENVIS



Geant4 Tools in SPENVIS: Motivation

• User friendly interface - No prior knowledge of Geant4. 

• Generation of a g4mac file that can be used directly in a 
locally installed Geant4 application.

• Applications use outputs from other SPENVIS 
applications.

• Applications provide input to other SPENVIS applications.

Currently implemented models:

• Mulassis, GEMAT, SSAT, Magnetocosmics & 
Planetocosmics - MarsREM (third party). 



Geant4 Tools in SPENVIS: A brief tour
Multi-Layered Shielding Simulation (Mulassis)

• Developed by QinetiQ

• Definition of a multi-layered, one-dimensional shield and 
incident particle source.

• Simulates radiation transport through the geometry, 
treating electromagnetic and nuclear interactions.

• Can directly include radiation environment spectra (Earth 
& Jupiter)

• Outputs:


 

Mulassis g4 macro file 

 

SPENVIS


 

Report file  


 

CSV file (outputs from all analysis modules)


 

Mulassis log file


 

Plot of analysis results 

 

SPENVIS



Geant4-based Microdosimetry Analysis Tool 
(GEMAT) 

• Developed by QinetiQ

• Microdosimetry effects of space radiation on micro- 
electronics and micro-sensors.

• Outputs:


 

GEMAT g4 macro file 

 

SPENVIS


 

Report file 


 

CSV file (outputs from analysis modules)


 

GEMAT log file


 

VRML representation geometry 

 

SPENVIS


 

Plot of analysis results 

 

SPENVIS

Geant4 Tools in SPENVIS: A brief tour



Sector Shielding Analysis Tool (SSAT)
• Developed by QinetiQ

• Ray tracing from user defined point within geometry to 
determine shielding levels and shielding distributions.

• Upload GDML file or create one using the geometry 
definition tool. 

• Shielding distributions can be folded with flux and dose 
models (e.g. from SHIELDOSE or NIEL)

• Outputs:


 

SSAT g4 macro file 

 

SPENVIS


 

SSAT output (1D & 2D shielding distribution)


 

SSAT log file


 

VRML view of geometry 

 

SPENVIS


 

Plots of dose distribution & shielding distribution as a 
function of shielding thickness, etc 

 

SPENVIS

Geant4 Tools in SPENVIS: A brief tour



MAGNETOCOSMICS
• Developed at the University of Bern

• Using the Geant4 toolkit to simulate the motion of charged 
particles:


 

computation and visualisation of charged particle 
trajectories & magnetic field lines



 

computation of cut-off rigidities as a function of position

• Can directly include SAPRE orbit generator and/or 
geographical coordinate grid outputs.

• Outputs:


 

MAGNETOCOSMICS g4 macro file 

 

SPENVIS


 

CSV result file 


 

Program log file


 

VRML representation of particle trajectories or magnetic 
field lines



 

Plot of rigidity cut-offs 

 

SPENVIS

Geant4 Tools in SPENVIS: A brief tour



PLANETOCOSMICS

• Developed at the University of Bern

• Hadronic and electromagnetic interactions of particles 
with planetary environment (Mercury, Earth & Mars) 

• Fluence & Energy deposition analysis.

• SPENVIS trapped particle or solar proton spectrum.

• Outputs:


 

PLANETOCOSMICS g4 macro file 

 

SPENVIS


 

CSV result file 


 

Program log file


 

VRML representation of particle trajectories

Geant4 Tools in SPENVIS: A brief tour



Example 1: NIEL analysis for Galileo encounter 
with Europa (24 Feb 1997)

• Run SAPRE (17 days)



• Run SAPRE (17 days)

• Run Jovian trapped 
radiation models

Example 1: NIEL analysis for Galileo encounter 
with Europa (24 Feb 1997)



• Run SAPRE (17 days)

• Run Jovian trapped 
radiation models

• Use trapped e- spectrum 

as input for Mulassis

Example 1: NIEL analysis for Galileo encounter 
with Europa (24 Feb 1997)



• Run SAPRE (17 days)

• Run Jovian trapped 
radiation models

• Use trapped e- spectrum 

as input for Mulassis

• Run Mulassis

Example 1: NIEL analysis for Galileo encounter 
with Europa (24 Feb 1997)



Run PLANETOCOSMICS:

• 5 GeV primaries

• 10 events

• 10 m thick layer with 1.3 
[g/cm3] density

• Layer composition: 
SiO2(45%),  MgO(35%),  
Al2O3(7%), CaO (7%), 
FeO(5%), Na2O(0.7%), 
TiO2(0.3%)

Example 2: Proton interaction with  
Mercury’s soil



Example 2: Proton interaction with  
Mercury’s soil

Run PLANETOCOSMICS:

• 5 GeV primaries

• 10 events

• 10 m thick layer with 1.3 
[g/cm3] density

• Layer composition: 
SiO2(45%),  MgO(35%),  
Al2O3(7%), CaO (7%), 
FeO(5%), Na2O(0.7%), 
TiO2(0.3%)



• Simulations can be highly time-consuming. 

• CPU time available on SPENVIS for a single user is 
limited and calculations are stopped if program exceeds a 
limit. 

• This can be often the case for calculations on maps or 
orbit trajectories. 

• Users are welcome to utilise SPENVIS to produce and 
download the macro-file but is recommended that they 
download the stand-alone version of the Geant4 
application to make a run. 

Geant4 Tools in SPENVIS: Limitations



2. SPENVIS Geant4 Tools Interface



Geant4 tools interface: entry point
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included in SPENVIS
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Geant4 tools interface: entry point

• General models: 
Accessible for all planets 
included in SPENVIS

• Planet specific models: 
Appear only for a specific 
planet

• Common settings:


 

Defined for various 
Geant4 tools



 

Available for all 
planets   



Geant4 tools interface: navigation

• Model main page:


 

summary of setting 
status 



 

access to different 
setting sections

• Users can modify the 
settings by clicking on a 
particular section. 

• Automatic check of the 
user’s input. 

• Create macro & run 
model



Geant4 tools interface: navigation
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Geant4 tools interface: navigation



Geant4 tools interface: navigation



Geant4 tools interface: navigation



Geant4 tools interface: help page

• Geant4 background 
information

• Overview of Geant4 tools 
in SPENVIS 

• Links & references



Geant4 tools interface: Common tools

Material definition

• Define own material or choose from predefined lists.

• User defined material input fields:


 

material name (unique) 


 

chemical composition (special syntax)


 

density

• Defined material available for all Geant4 applications.



Geant4 tools interface: Common tools



Geant4 tools interface: Common tools



Geant4 tools interface: Common tools



Common tools: Geometry definition tool

• Basic building blocks 
(sphere, box, cylinder) to 
construct 3D  model.

• Create GDML file and VRML 
visualisation of the 
geometry definition.

• GDML upload SSAT only.



Common tools: Geometry definition tool

• Basic building blocks 
(sphere, box, cylinder) to 
construct 3D  model.

• Create GDML file and VRML 
visualisation of the 
geometry definition.

• GDML upload SSAT only.

• Java version of geometry 
definition tool.

Future:
• Extension of GDML upload.



3. Updates & Current Developments



Updates & Current Developments: 
Overview

• Some recent modifications of the new user 
interface for Geant4 tools in SPENVIS

• JoveREM (third party)

• Implementation of Gras



Updates & Current Developments : Gras

Geant4 Radiation Analysis for Space (Gras)

• Developed by ESA. 

• Provides a general space radiation analysis for 3D 
geometry models.

• SPENVIS: Mulassis-like or GDML geometry

• Can directly include SPENVIS trapped particle or solar 
proton spectrum.

• Outputs:


 

Gras g4 macro file

 

SPENVIS


 

CSV result file 


 

Gras log file

• Upload GDML file



Updates & Current Developments : Gras
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Updates & Current Developments : Gras



Updates & Current Developments : Gras



Conclusions

• User friendly interface to Geant4 applications.

• Some difficulties during implementation: 


 
macro command dependencies 



 
model specific commands



 
static version of the model

• Interaction with Geant4 developers community.

• Gras will be available with a forthcoming 
release of SPENVIS!
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