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Space Radiation
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Energetic particles in the near-Earth environment
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Energetic particles in the near-Earth environment
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Energetic particles in the near-Earth environment
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m Galactic Cosmic Rays

» High-energy particles produced outside of
the Solar system oY e
e ~13%Heions
e ~ 3% electrons
* ~1% heavier nuclei
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Galactic Cosmic Rays

A X-ray:
NASA/CXC/Rutgers/

K.Eriksen et al;
Optical: DSS

» High-energy particles produced outside of
the Solar system

e ~83% protons

e ~13%Heions

e ~ 3% electrons

Uplifted

* ~ 1% heavier nuclei | ' Turbulent Gas —=.__ [~ Plgsma Bubble
> Energy ranges: s f
. : « Supermassive
e MeV —GeV (galactic source) T . Black Hole —

 >TeV (extra-galactic)

SLAC
National
Accelerator
Laboratory



Solar Energetic Particles

» Produced in solar flares and by coronal
mass ejections
- SEP events

SOHO NASA & ESA

2012/01/22 06:54



Solar Energetic Particles

Produced in solar flares and by coronal

mass ejections
- SEP events

> 90% protons, electrons, heavy ions 2003/10/15 09:42
E: keV-GeV

SOHO NASA
& ESA




Solar Energetic Particles

GOES13 Proton Flux (5 rminute dCItQ) Begin: 2017 Sep B 0000 UTC
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/) Trapped particles - Van Allen radiation belts
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Trajectory of
trapped particle
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Drift of Drift direcfion:

protons i electrons Protons  Electron

Drift of

Influenced by Earth’s magnetic field, charged particles
engage in a complex dance of motions as each one
spirals around a magnetic field line, bounces back and
forth between the hemispheres, and drifts around the
planet—electrons to the east, and protons to the west.

Ref. An overview of the Space Radiation Environment, E.J. Mazure, Crosslink, the Aerospace Corporation Magazine, Vol. 4, No.2, 2003



Trapped particles - Van Allen radiation belts

INNER BELT
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Trapped particles - Van Allen radiation belts

OUTER BELT

* Particles: mainly electrons
(0.04 —7 MeV)

e Source: magnetotail
electrons, solar wind
Highly dynamic




Trapped particles - Van Allen radiation belts

INNER BELT

* Particles: mainly protons
(0.04 — 500 MeV)

e Source: cosmic rays albedo
neutron decay

* Rather stable

* > South Atlantic Anomaly




South Atlantic Anomaly (SAA)

Inner
Radiation
Belt

Center points
are not coindding
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South Atlantic Anomaly
(200km from Earth's Surface)
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white - no data

Created by
UCL/ELIICSR,
Belgium

Processed at (UTC):
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Letituda

South Atlantic Anomaly (SAA)

SPENVIS simulation (at 200 km, at ISS altitude)
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Trapped particles - Van Allen radiation belts

SLOT REGION
e Particles: low-medium

energy electrons & protons
(0.01-50 MeV)
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Observation of high & low energy particles
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Observation of high & low energy particles
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., Observation of high & low energy particles

Space Radiation Environment at ISS orbit (¥*400 km, ~52° incl.)

Solar energetic protons
=~

ENERGY (MEV)
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Radiation effects in orbit

» Spacecraft charging
» Single event effects
» Total radiation dose

Space Spacecraft Single-event Total Surface Pel::;n:ml:tzzf;r_-
hazard charging effects radiation dose | degradation
munications
Trapped lon Wave
Specific Solar O* | Scintil-
Surface|Internal radia- sputter- refrac-
cause rays tion particle ing erosion | lation tion
LEO <60°
LEO >60°

MEO

GPS

GTO

GEO

HEO

Inter-
planetary

- Important

Relevant

Not applicable

Space environment hazards for typical orbits. Key: LEO <60°—low Earth orbit, less than 60 degrees
inclination; LEO >60°—low Earth orbit, more than 60 degrees inclination; MEO—medium Earth orbit;
GPS—Global Positioning System satellite orbit; GTO—geosynchronous transfer orbit; GEO—geo-
synchronous orbit; HEO—highly elliptical orbit; O*—atomic oxygen.

Ref. An overview of the Space Radiation Environment, E.J. Mazure, Crosslink, the
Aerospace Corporation Magazine, Vol. 4, No.2, 2003
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Radiation effects in orbit

» Spacecraft charging

Internal charging
Surface charging

Flux (electrons/cm? - day - sr)
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Spacecraft Anomalles and 22, 0 MeV Electron Flux
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National Geophysical Data
Center and John Freeman of
Rice University

Wrenn and Smith, 1996




Radiation effects in orbit

single-event upset mechanism -
direct ionization

sensitive region ion trace

» Single event effects /

penetrating
radiation

edge view
charge collected in -
this region during induced ionizatior
particle transit can along the particle
track

trigger a change of
state of the
memory
After Baker, 2002




Radiation effects in orbit

> Total radiation dose

NASA
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Radiation effects in ionosphere/atmosphere

» Polar Cap Absorption

Earth surface




@ Radiation effects in ionosphere/atmosphere

» Trapped Electron Precipitation

Precipitation
Region Loss Cone

) Electrons

P
Interaction
Region

Resonant
Waves

s
0/;% Magnetic Field Line

Standford
VLF Group




Radiation effects in ionosphere/atmosphere

= J
\@/ > Radiation dose

Primary Cosmic Rays

Effective dose rate in uSv/h
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Altitude: 08.00 km AVIDOS

Seiberdorf
Date: 27.03.2023 AVIATION DOSIMETRY Laboratories
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