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60 years of radiation belt science … and counting

compiled by W. R. Johnston, Air Force Research Laboratory, 
Space Vehicles Directorate, Kirtland AFB (Sept. 2017)

data from:  sunspot nos.—SIDC, WDC-SILSO, Royal Obs. of Belgium, Brussels; NASA models—
Vette, 1991, NSSDC/WDC-A-R&S 91-29, & refs.; TIROS data—Miyoshi & Kataoka, 2011, J. Atm. 
Sol. Terr. Phys., 73:77+; SAMPEX, Van Allen data—Li, et al., 2017, J. Geophys. Res., 122:5224; 
POES data—NOAA NGDC; SIZM model—Selesnick et al., 2007, Sp. Weather, 5:S04003.
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particle energies                            1 eV 10 eV 100 eV 1 keV 10 keV 100 keV 1 MeV             10 MeV             100 MeV            1 GeV
wave frequencies  DC                  1 mHz 10 mHz 100 mHz 1 Hz                   10 Hz               100 Hz               1 kHz                10 kHz               100 kHz 1 MHz

LEESA:  Low Energy ElectroStatic Analyzer

LIPS:  Low Energy Imaging Particle Spectrometer

HIPS:  High Energy Imaging Particle Spectrometer

HEPS:  High Energy Proton Spectrometer

CEASE:  Compact Environment Anomaly SEnsor

LCI FSH:  Loss Cone Imager, Fixed Sensor Head

LCI HST:  Loss Cone Imager, High Sensitivity Telescope

CREDANCE:  Cosmic Ray Environment Dosimetry and Charging Experiment

DIME:  Dosimetry Intercomparison and Miniaturization Experiment

VMAG:  Vector Magnetometer

WIPER:  Wave-induced Precipitation of Electron Radiation

SWx:  Space 
Weather 
Experiment

WPIx:  Wave 
Particle 
Interactions 
Experiment

SFx:  Space 
Environmental 
Effects
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ECT:  Energetic 
Particle, 
Composition, 
and Thermal 
Plasma Suite

HOPE:  Helium Oxygen Proton Electron

REPT:  Relativistic Electron Proton Telescope

MagEIS:  Magnetic Electron Ion Spectrometer

RBSPICE:  RBSP Ion Composition Telescope

RPS:  Relativistic Proton SpectrometerEFW:  Electric Field and Waves Suite

MAG:  Tri-axial MAGnetometer

WAVES

EMFISIS:  Electric 
and Magnetic 
Field Instrument 
Suite and Inte-
grated Science
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Experiment

XEP:  Extremely High Particle Instrument

MEP:  Medium Energy Particle Instrument

HEP:  High Energy Particle Instrument

LEP:  Low Energy Particle Instrument

PWE:  Plasma Wave and Electric Field Experiment

MGF:  Measurement of Geomagnetic Field

• Discovered by Van Allen et al. 
in 1958, they comprise very 
energetic charged particles 
trapped in the geomagnetic 
field, posing radiation hazards 
to satellites and astronauts.

• These plots show average 
states, described by the 
AE9/AP9/SPM radiation belt 
model.

• The belts are dynamic with 
geomagnetic activity and are 
the subject of continuing 
research, including the satellite 
missions below.

TSP:  Thermal and Suprathermal
Energy Particle Instrument
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radiation belt particles

particle energies                            1 eV 10 eV 100 eV 1 keV 10 keV 100 keV 1 MeV             10 MeV             100 MeV            1 GeV

plasmasphere ring current, auroral precipitation

FEEPS:  Fly’s Eye Energetic Particle Sensor

FPI:  Fast Plasma Instrument

SDP/ADP:  Spin-plane and Axial Double Probe

Outer radiation belt:  electrons
Inner radiation belt:  
protons + electrons

South Atlantic Anomaly (SAA):  lowest 
altitude extent of inner radiation belt

compiled by W. R. Johnston, Air Force Research Laboratory, 
Space Vehicles Directorate, Kirtland AFB (Sept. 2017)
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For more about the AE9/AP9 radiation belt model, 
see the AFRL VDL web site:
https://www.vdl.afrl.af.mil/programs/ae9ap9
or email:  AFRL.RVBXR.AE9.AP9.Org.Mbx@us.af.mil

Earth’s radiation belts

FIELDS

EIS:  Energetic Ion Spectrometer

HPCA:  Hot Plasma Composition Analyzer

Hot Plasma

Energetic 
Particles

SCM:  Search Coil Magnetometer


