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Prior to 1958 scientists were aware that 
ions and electrons could be trapped by the 
Earth's magnetic field, but not that such 
trapped particles actually existed. 

 



Van Allen’s favorite figure in conceptualizing 

particle trapping in a dipole field (Stormer, 1907)



The main question concerning the electron 
radiation belts is why do they exist at all. 

5



The main question concerning the electron 
radiation belts is why do they exist at all. 

Electrons within Earth’s magnetosphere come 
from two main sources: the solar wind and the 
ionosphere. The typical temperature of electrons 
in the ionosphere is less than 1 eV and the 
typical temperature of solar wind electrons is 
about 10 eV. 

6



The main question concerning the electron 
radiation belts is why do they exist at all. 

Electrons within Earth’s magnetosphere come 
from two main sources: the solar wind and the 
ionosphere. The typical temperature of electrons 
in the ionosphere is less than 1 eV and the 
typical temperature of solar wind electrons is 
about 10 eV. 

Yet the Earth has radiation belts whose electrons 
range in energy from 400 keV to above 15 MeV. 

7



The main question concerning the electron 
radiation belts is why do they exist at all. 

Electrons within Earth’s magnetosphere come 
from two main sources: the solar wind and the 
ionosphere. The typical temperature of electrons 
in the ionosphere is less than 1 eV and the 
typical temperature of solar wind electrons is 
about 10 eV. 

Yet the Earth has radiation belts whose electrons 
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How these electrons come to be energized is 
the main theme of radiation belt research. The 
acceleration of charged particles is also of cosmic 
significance. 8



Close association 

of storm-time enhancements 

of relativistic electron fluxes 

with spacecraft failure.

Spacecraft operational 

anomalies, SAMPEX data

[Baker & Daglis, 2006]

Why study the radiation belts?



• MeV el: internal charging; 0.1-100keV: surface charging; MeV ions: SEU

• ¾ satellite designers said that internal charging is now their most serious 
problem, 2001 ESA study [Horne, 2001]

• Examples: Intelsat K, Anik E1 & E2, Telstar 401, Galaxy IV

• Costs: ~$200M build, ~$100M launch to GEO, 3%-5%/yr to insure

Economic 

Impact

Wrenn & Smith 

[1996]
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Surface charging and resulting ESD 

• spacecraft or surface potential elevated

• 2000-0800 local time in the plasma sheet 

• regions of intense field-aligned currents

• observed, but not explained, at very low L

Internal charging and resulting electrostatic 

discharges (ESD) 

• broad range of L values 

• corresponding to the outer belt

• where penetrating electron fluxes are high

Single Event Effects (SEEs) 

• inner (proton) belt and higher L shells with solar 
particle event

• quiet-times from galactic cosmic rays

Total ionizing dose

• electronics and solar panels degrade over time 

Locations of Operational 

Space Environment Hazards

Janet Green, 2013



Brief historical outline

Trapped particle radiation was the first discovery 
in space – by James Van Allen and Explorer!





Radiation Belts: Inner and Outer

Protons Electrons

slot

1.2 < L < 2.5 (highly energetic H+, energetic e-)

2 < L < 3 (minimum of high-energy e-)

3 < L < 7 (energetic H+, highly energetic e-)





Flux variability in the radiation belts
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Penetrating radiation
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