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Context

� The AE9/AP9 radiation belt models are currently being 
developed with the goal to replace the legacy AE8/AP8 
models in the future.

� These models can be run with different configurations –
choices to be made by engineers

� Important differences in particle flux predictions have been 
observed between Ax9 and Ax8 models as well as orbit-
specific European standards [Huston et al., 2013, 
Bourdarie et al., 2014 & 2016].
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Objectives

� How will the radiation environment specification be 
impacted by the new models?

� What is the impact on component level radiation analysis? 

� What is the impact of the chosen configuration on the 
result?
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Outline

� Description of activities

� Results for TID/TNID

� Results for transported fluxes

� Conclusions

� Final remarks
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Description of activities

� AE9/AP9 v.1.30.001 (January 2016) was used

� Determine the impact on:
� Particle fluxes
� Dose-depth curve
� Equivalent fluence-depth curve (10 MeV protons)
� Calculations with a realistic 3D radiation model

� Monte Carlo calculations

� Ray-tracing calculations

� Transported fluxes (10 MeV & 60 MeV protons)

� Estimate the difference with results obtained with current 
standard models
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Description of activities

� Definition of the radiation environment with AE9/AP9 for 
different space missions
� Here we present:

� LEO: 1336 km, 66°, 7 years

� GEO: 35 784 km, 0°, 15 years (160°W)
� Electrical Orbital Rising transfer

– from a GTO orbit with a perigee 

of 200 km (200 km x 35486 km, 
inclination = 7 deg)

� Comparison with models commonly considered
� AE8/AP8

� IGE2006 for GEO
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Description of activities

� Different configurations of Ax9 were studied:
� Mean 
� Perturbed mean (40 scenarios): mean, median, 90% percentile
� Monte Carlo (40 scenarios) : mean, median, 90% percentile

� For TID/TNID:
� Mean and Perturbed mean

� For SEE (transported fluxes):
� Mean and Monte Carlo
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Description of activities

� Description of the 3D radiation model
� ICARE equipment model

� JASON2 satellite model

� Selection of devices at different 
locations
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Results for TID/TNID

� Trapped protons for LEO (1336 km, 66°, 7y)
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Results for TID/TNID

� Trapped electrons for LEO (1336 km, 66°, 7y)
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Results for TID/TNID

� Dose-depth curve for LEO (1336 km, 66°, 7y)
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Results for TID/TNID

� Equivalent fluence-depth curve for LEO (1336 km, 66°, 7y)
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Results for TID/TNID

� Monte Carlo results for LEO (1336 km, 66°, 7y)
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Results for TID/TNID
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� Trapped electrons for GEO (35 784 km, 0°, 160°W, 15y)
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Results for TID/TNID
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� Trapped protons for GEO (35 784 km, 0°, 160°W, 15y)
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Results for TID/TNID

ESA-CNES RFP Days – March 7, 2017

� Dose-depth curve for GEO (35 784 km, 0°, 160°W, 15y)
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Results for TID/TNID

ESA-CNES RFP Days – March 7, 2017

� Equivalent fluence-depth curve for GEO (35 784 km, 0°, 
160°W, 15y)
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Results for TID/TNID

� Monte Carlo results for GEO (35 784 km, 0°, 160°W, 15y )
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Results for TID/TNID

ESA-CNES RFP Days – March 7, 2017

� Trapped electrons for EOR GTO 200 km
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Results for TID/TNID

ESA-CNES RFP Days – March 7, 2017

� Trapped protons for EOR GTO 200 km
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Results for TID/TNID
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� Dose-depth curve for EOR GTO 200 km
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Results for TID/TNID

ESA-CNES RFP Days – March 7, 2017

� Equivalent fluence-depth curve for EOR GTO 200 km

21

-100%

-50%

0%

50%

100%

150%

200%

250%

300%

0.0 0.1 1.0 10.0

Thickness (mm Al)

R
el

at
iv

e 
di

ffe
re

nc
e 

be
tw

ee
n 

A
x9

 a
nd

 A
x8

AE8 max - AP8 min AE9/AP9 Mean AE9/AP9 Perturbed Mean - Percentile 90% AE9/AP9 Perturbed Mean - Mean AE9/AP9 Perturbed Mean - Median



TRAD, Tests & Radiations

Results for TID/TNID

� Monte Carlo results for EOR GTO 200 km
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Results for transported fluxes

� Transported fluxes for SEE rate calculations
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* flux calculation with MC for EOR GTO 200 km (20 000 o rbit points) takes ~11 hours!
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Conclusions

� Flux comparison results between the different models depend on 
energy -> differences in dose & equivalent fluence depth curves
depend on shielding

� Important differences at component level analysis, results depend
on the shielding especially for GEO and EOR GTO. 

� Mean, PM mean and PM median give similar results, however the 
PM 90% is largely above.

� Factor of 3-7 on transported 60 MeV proton fluxes that can have an 
impact on SEE rates.

� Time needed for the flux calculation with Ax9 MC is of several hours
instead of several seconds for the currently used models. 
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Final remarks

� Ax9 models are still evolving – v1.35.001 release in January 2017

� Known issues and limitations especially for LEO orbits: 
� protons: no solar cycle flux dependance,  high flux uncertainty

� protons & electrons: significant uncertainty on flux gradients

� Which model options should be used by engineers?

� Important differences have been observed on comparison results for 
radiation analysis. What do in-flight measurements show? -> see
next presentation! 
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