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SPACE RADIATION in general

Radiation is the transmission of energy 

through matter and space

Electromagnetic waves Particles
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ELECTROMAGNETIC RADIATION

 Energy transmitted in the form of 

photons (EM waves)

 Speed of light (c)

 Sun emits mostly light from UV 

to infrared

 During solar flares: from radio 

waves up to gamma rays  

SPACE RADIATION in general
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PARTICLE RADIATION

 Energy transmitted by fast-moving 

atomic or sub-atomic particles 

(electrons, protons, alpha particles, 

etc.)

 Few m/s up to sizable fraction of c

 Energy expressed in eV  

(1 eV = 1.602×10−19 J)

 Space: from keV to >TeV (1015 eV)

 <100 keV : plasma

SPACE RADIATION in general
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Energetic Particle Populations in heliosphere

Galactic Cosmic Rays (GCR)

Trapped Particles (TRP)
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Interplanetary particles

Cosmic Rays (CR):

• Galactic Cosmic Rays (GCR)

• Solar Energetic Particles (SEP)

 Protons and heavy ions of all the elements of the periodic table 
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Galactic Cosmic Rays (GCR)

 High-energy charged particles produced outside solar system

 ~ 83% protons

~13% 4He ions (alphas)

~3% electrons

~1% heavier nuclei 

 “HZE nuclei” (Q>2) 

 E ~ MeV – GeV and even

> TeV (extra-galactic)

 Electrons neglected 

(density much lower than 

solar wind) 

(https://imagine.gsfc.nasa.gov/Images/science/abund2.gif)
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GCR Modulation

Omnidirectional flux modulated by solar activity

 Solar cycle: GCR max (min) @ solar min (max)

 Coronal Mass Ejection (CME)  Forbush decrease (see later)

(Bertucci et al, 2019)

HZE = high (H) atomic number (Z) and energy (E) | SSN = Smoothed Sunspot Number | NM = Neutron Monitor
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Galactic Cosmic Rays (GCR) (2/2)

Rigidity = momentum/charge

 Cutoff in magnetosphere

H

He

Fe
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Anomalous Cosmic Rays (ACR)

 He and heavier ions with E ~10 -100 MeV/nuc

 Originate in interstellar gas that diffuses into heliosphere

 Single ionised

 Only seen during solar minimum

 Source of heavy ions trapped in Earth’s magnetic field (?)

www.scienceabc.com
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Solar Energetic Particles (SEP)

 Produced in solar flares and by CME driven shocks  SEP events

 >90% protons, electrons, heavy ions ( composition changes from event to event)

 E ~ keV – GeV

 Solar Proton Event (SPE): >10 pfu at ≥10 MeV
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1 proton/cm2/sr/s = 1 pfu
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Solar cycle dependence of SEP events

SEP events are much more frequent during the active phase of the solar cycle, 

though they are stochastic in nature.
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Impulsive vs. gradual SEP events
In the week of January 20 2005, active region NOA AR 10720 

produced several different types of SEP events.

(R
e
a
m

e
s
, 1

9
9
9
)

 solar flare

◄ 180°

◄ 30°

p+ rich

e- rich



KONINKLIJK BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT ROYAL D’AERONOMIE SPATIALE DE BELGIQUE ROYAL BELGIAN INSTITUTE OF SPACE AERONOMY KONINKLIJK BELGISCH INSTITUUT VOOR RUIMTE-AERONOMIE INSTITUT ROYAL D’AERONOMIE SPATIALE DE BELGIQUE ROYAL BELGIAN INSTITUTE OF SPACE AERONOMY KONINKLIJK

SEP events and Ground Level Enhancement (GLE)

http://swe.ssa.esa.int/web/guest/anemos-federated

Hard spectrum

Ground Level Enhancement (GLE)

GLE = sudden increases in the cosmic ray intensity recorded by

ground based detectors produced by >500 MeV SEPs.
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SEP events and Forbush Decrease (FD)
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FD = Rapid decrease in observed neutron flux on the ground due to enhancement of

magnetic fields related to ICMEs and their shock fronts that sweeps GCRs away from Earth.
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Trapped particles

 Trapped by planetary magnetospheres in belts, including

protons, electrons and heavier ions
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Trapped particles – Van Allen belts

 Proton, electron fluxes modulated by both long term variations in solar activity 

and solar storm events 

 Trapped electron fluxes seem to be higher during solar max declination phase

 Trapped proton fluxes in LEO reach maximum during solar minimum 

Image: JHU/APL

Slot region
- low- medium energy electrons & protons (0.01 – 50  MeV)

- very low flux wrt inner and outer belt

Inner belt
- mainly protons (0.04 – 500 MeV )

- primary source: CRAND

- rel. stable

- SAA 

Outer belt
- mainly electrons (0.04 – 7 MeV)

- source: magnetotail electrons, solar wind

- highly dynamic
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3rd belt during magnetic storm

Van Allen probes

Sept. 2012
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Inner belt – South Atlantic Anomaly (SAA)
The South Atlantic Anomaly: area where inner Van Allen radiation belt comes closest to 

the surface to an altitude of 200 km. In this region the proton flux is increased:

 the ISS (~407 km, 51.6°) requires extra shielding

 the HST does not take observations while passing through the SAA
eccentric dipole field

drifts 0.3° – 0.5° /yr to the west 
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Trapped particle motion

Triple periodic motion of a charged particle in the radiation belts:

– spiral motion ( gyration) around field line 

– bounce motion between mirror points along the field line 

– slow drift  around the Earth between the field lines

(Hutson, 2008)

Lorenz force
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All together
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Secondary particles

 GCR and SEP may interact with shielding material and

with the atmosphere of planets producing showers of

secondary particles (protons, electrons, neutrons, heavy

ions, pions, muons and photons)
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Secondary particles

Secondary particle fluence energy spectra after 20-mm aluminum shield, 

calculated with SPENVIS for an incident trapped proton spectrum accumulated 

over one year.

Al shielding

Atmosphere

Primary CR 
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PCAEFFECTIVE DOSE

AVIONICS

galactic

Impacts
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Further reading

http://swe.ssa.esa.int/space-radiation


