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Geant4 Applications for NASA Space Missions

• Geant4 is nowadays widely adopted as the simulation engine 
for NASA space missions.

• We will try to overview three major application areas of 
Geant4.
– Apparatus simulation

• Pre-launch design, post-launch analysis
– Planetary scale simulation

• Radiation spectra
– Micro-dosimetory simulation

• Single event effects



Apparatus simulation
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Planetary scale simulation
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Near-Earth regions

• LOW-EARTH ORBIT (LEO) – Typical ISS orbit
– ~ 400 km X 51.6 deg

• MEDIUM-EARTH ORBIT – Global Positioning Satellite (GPS) Orbit
– 20,200 km x 55 deg

• GEOSTATIONARY ORBIT – 160 deg W long.
– ~36,000 km x ~0 deg

• LEO electron and proton spectra
– AE-8MAX ELECTRON INTEGRAL & DIFFERENTIAL
– AP-8MIN PROTON INTEGRAL & DIFFERENTIAL SPECTRA

• ISS ORBIT: 400 KM, 51.6 DEG
• Current standard NASA AE8/AP8 models of Earth’s radiation belts have known 

limitations, mostly due to limited range of (1960s) observations incorporated

• Some energies and spatial regions were not sampled, so extrapolation needed

• Only simple (MIN/MAX) account taken of dependence on 11-year solar cycle
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Micro-dosimetory simulation
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CCD Image of the Sun

Solar and Heliospheric Observatory (SOHO) 
Large Angle and Spectrometric Coronagraph Experiment (LASCO)

http://image.gsfc.nasa.gov/poetry/movies/movies.html
http://lasco-www.nrl.navy.mil/
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Single Event Effects

Charge collected on a sensitive node in an 
electrical circuit causing an unwanted 
change in information stored on the 
component
– Single Event Upset
– Single Event Latchup
– Single Event Transient
– Single Event Gate Rupture
– Single Event Functional Interrupt
– Single Event …

Ion

P.J McNulty, Notes from 1990 IEEE Nuclear and Space
Radiation Effects Conference Short Course

Two Ionization Cases:

Incident particle generates 
electron-hole (e-h) pairs 

Direct

Secondary particles add to 
generated e-h pairs

Indirect
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Two Ionization Cases:
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electron-hole (e-h) pairs 

Direct

Secondary particles add to 
generated e-h pairs
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SEE modeling challenges we are 
currently addressing with RADSAFE:

Detailed device and circuit 
response

• Technology Computer Aided 
Design (TCAD) + Geant4 + 
spice

• Commercial tools unable to 
predict indirect ionization case

On-orbit rate prediction 

• Approximation methods

• Failure of models when applied 
to emerging technology
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Classical Model Does Not 
Predict Low LET Upsets

Linear Energy Transfer (LET) - a measure of the energy deposited per unit 
length as a energetic particle travels through a material. 
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The RADSAFE System: Current Focus 

MRED - Monte Carlo Radiative Energy Deposition tool
– Developed at Vanderbilt University
– Based on Geant4 
– Run time selectable physics list
– Python interface
– Highly Flexible output 
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Example #1: SEUs in SRAMS
10

 μ
m
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Single Event Simulation

• Structure: Si diode, a 5 µm cube.
• Events: 106 1 GeV/nucleon 12C. 
• Pre-selection: 

– >1.5 MeV in a 1 µm cube, 
– 0.5 µm below the junction. 
– 267 candidate events.
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Ion Tracks

1018 e-/cm3 1014 e-/cm3



Geant4 Applications in NASA Space Missions - M. Asai (SLAC) 42

Radiation event: Meshing

Slice at y = 1.0 µm Slice at x = 0 µm
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TCAD simulation of radiation event
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TCAD simulation of radiation event
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TCAD simulation of radiation event
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Classical Model Does Not 
Predict Low LET Upsets
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RADSAFE on SEE in SRAMs

Geant4 Geometry and
523 MeV Neon Event MRED Energy Deposition for 108 Events

SEE simulation
Mixed mode

Single Charge Deposition 
in TCAD: Ne+W Event SRAM Cell Upset

TCAD Cell 
Structure:
SRAM Cell
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Summary

• We tried to overview Geant4 applications in NASA missions in 
particular for
– Apparatus simulation
– Planetary scale simulation
– Micro-dosimetory simulation

• In this presentation, because of the time constraints, we missed
many other excellent applications in above-mentioned areas and 
also many other application areas, for example
– Spacecraft charging
– Radiation shielding of spacecraft 

• Comprehensive coverage of physics models and powerful 
geometrical modeling capability provided by Geant4 are quite 
suitable for mission-critical simulations.
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