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Outline

Å Goal of the SPACESTORM project

Å Modelling of the high energy (>100 keV) electron radiation belts

Å Space Weather forecasts for satellite operators

Å How SuperDARN could contribute to radiation belt physics and space 

weather



SPACESTORM - The Goal

Å Goal

ï To model severe space weather events and mitigate their effects on 

satellites by developing better mitigation guidelines, forecasting, and 

by experimental testing of new materials and methodologies to 

reduce vulnerability. 

Satellites Radiation Belts Solar Energetic Particles



Team Roles

Å British Antarctic Survey Modelling high energy electrons, forecasting

Å Finnish Met Institute Modelling low energy electrons, nowcasting

Å DH Consultancy Data management and real-time displays

Å U of Surrey Lab expts. and mitigation

Å French Aerospace Lab Lab expts. and testing materials

Stakeholder Advisory Committee

Å D Pitchford (Luxembourg) Satellite operations

Å J Likar (USA) Satellite design

Å D Wade (London) Satellite insurance

Å C Amiens (Italy) Space assets

Å J Green (USA) Data analysis

Å R Thorne (USA) Theory



Key New Driver

Å Boeing:   all-electric satellite propulsion for commercial satellites

Å Half the cost of launch to ~ US$ 60m

Å But takes 200-300 days to reach geostationary orbit

Å Radiation protection for Medium Earth Orbit?

Horne and Pitchford [2015]
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Transport, Acceleration and Loss in the 

Electron Radiation Belts 



Radiation Belts - The Problem

Å How do you produce >1 MeV electrons?

Å What is responsible for the flux variations?

Å The magnetosphere is a giant particle accelerator

Å Proba V  

EPT data

Å Pierrard et 

al. [2014]



Particle Motion in the Earthôs Magnetic Field

Å Acceleration and loss requires breaking 1 

or more invariant

Å When wave frequency ~ particle frequency

For 1 MeV electron (a= 45o) at L = 4.5

Cyclotron        bounce       drift

Frequency  =   10 kHz        3 Hz           1 mHz

Period         =   0.1 ms        0.36 s        15 min

Å Periodic motion results in conservation laws 

ïthe 3 adiabatic invariants
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BAS-RBM solves the Fokker-Planck equation for  phase-space density (f) in  

pitch-angle (Ŭ), energy (E) and L* (L) coordinates

Energy diffusion
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BAS Radiation Belt model ï3d

Glauert et al. JGR [2014]



ULF Enhanced Radial Diffusion

Å Ultra low frequency (ULF) waves

Å Generated by solar wind-magnetosphere 

interaction - Kelvin Helmholtz instability.  

Å f ~ mHz

Å Breaks 3rd invariant and drives electron 

transport across the magnetic field

Elkington et al., [1999], Mathie and Mann [2000] 



Radial Diffusion Coefficients

Brautigam and Albert [2000]  ~L10 B&A, Ozeke et al., Lejosne et al.



Magnetopause

Plasmapause

Sun

c). Magnetosonic waves 

a). EMIC  waves
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d). Chorus
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b). Plasmaspheric hiss
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