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SPACE RADIATION in general

Radiation is the transmission of energy
through matter and space

Electromagnetic waves Particles

|I|m u
bbbbbb o



SPACE RADIATION in general

ELECTROMAGNETIC RADIATION

THE ELECTROMAGNETIC SPECTRUM

SELF ELF VLF LF/MF/HF/VHF/UHF SHF EHF
3Hz  3kHz 30kHz 3GHz

—> Energy transmitted in the form of non-ionizing
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SPACE RADIATION in general

PARTICLE RADIATION
—> Energy transmitted by fast-moving 7 3
atomic or sub-atomic particles J/
(electrons, protons, alpha particles, , :
etc. Prot ° , Ly O
) | | rotons % v';
— Few m/s up to sizable fraction of c Neitrois Ve~
—> Energy expressed in eV N\
(I eV =1.602x107"7)) Electrons ——— o \
—> Space: from keV to >TeV (10'° eV) o

- <100 keV : plasma
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Energetic Particle Populations in heliosphere

Galactic Cosmic Rays (GCR) :
-

Trapped Particles (TRP){S
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Galactic Cosmic Rays

| Heliospheric Particles
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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% *He 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)

HLiB NF MNohAl P QI W Se MaloCuGoAhs Br BEY

106 gHeBeC O NeMgSi S Ar CaTi Cr Fe Ni Zn Ge Se Kr 5r |
= i Solar System Abundances _
o 4ot GCR Abundaonces _
Il

2
2 10
n 0
0 10
_g L
£ 1072
2 I
10~4
0 10 20 30 40
Element
(https://imagine.gsfc.nasa.gov/Images/science/abund?2.gif)
[

BIRA.IASB



BIRA.IASB

GCR Modulation
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(1 Omnidirectional flux modulated by solar activity
= Solar cycle: GCR max (min) @ solar min (max)
» Coronal Mass Ejection (CME) = Forbush decrease (see later)
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Galactic Cosmic Rays (GCR) (2/2) .
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Anomalous Cosmic Rays (ACR)

O He and heavier ions with E ~10 -100 MeV/nuc
O Originate in interstellar gas that diffuses into heliosphere
O Single ionised
. . . LO_] J ! r"""[ T LI LA | T LI B A
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Solar Energetic Particles (SEP)

L Produced in solar flares and by CME driven shocks = SEP events
0 >90% protons, electrons, heavy ions (= composition changes from event to event)
O E~ keV - GeV
O Solar Proton Event (SPE): >10 pfu at 210 MeV
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Solar cycle dependence of SEP events
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SEP events are much more frequent during the active phase of the solar cycle,
though they are stochastic in nature.

Space Environment Overview: 1983-01-01 00h - 2012-12-31 24h
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Impulsive vs. gradual SEP events
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In the week of January 20 2005, active region NOA AR 10720
produced several different types of SEP events.
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SEP events and Ground Level Enhancement (G@

Particles em™s™'sr™

Updated 2005 Jan 19 23:56:03 UTC

Relative Scale

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)

OR RUIMTE-AERO

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

O 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

Inner belt Outer belt

mainly protons (0.04 - 500 MeV ) - mainly electrons (0.04 - 7 MeV)

primary source: CRAND - source: magnetotail electrons, solar wind
rel. stable - highly dynamic

SAA

Slot region
- low- medium energy electrons & protons (0.0l - 50 MeV)
- very low flux wrt inner and outer belt
! | M be
Image: JHU/APL belspo el
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3rd belt during magnetic storm

e

Van Allen probes
Sept. 2012

0304 03,05
Timez, HHDD of the gear 2002




BIRA.IASB

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
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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

: ~ \
~ /\ % ;
//‘2._/\ - J \\T
A \
’,"rr’/' Tragctory of \
)tf((\ trapped particle

Mrror point

.
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Lorenz force
F=gvxB

I

U:v.,__-

- P ’ e
orifl d"t«_‘tmﬂ\\‘«..;—’

(Hutson, 2008)
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All together :
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Differential proton flux at LEO (~400 km, 51°) during solar maximum

Trapped electrons

Solar protons (SEP)
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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
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\\&%’ esa space situational awareness

ESA S5A SWE
About SWE
What iz Space Waathar
SSA Space Weather Activities
Current Space Weaathar

Contact

Spacecraft Design

Spacecraft Operation

Human Spaceflight

Launch Operation
Transionospheric Radio Link
Space Surveillance and Tracking
Power Systems Operation
Airlines

Resource Exploitation System Operation
Pipeline Operation

Auroral Tourism Sector

General Data Servica

ESC Solar Weather

ESC Heliospheric Weather

I ESC Space Radiation

ESC Ionospheric Weather
ESC Geomagnetic Conditions
Documents
SWWT
SWEN NewsLetter
Upcoming Events
| sgntn
You are not signed in.

Sign In

Regquest For Registration

Space Radiation Expert Service Centre (R-ESC)
ESC Objectives Contributions ‘Contributors

Mission Statement

The mission of the Space Radiation ESC (R-ESC) is to provide and develop the functionalities, capabilities and expertise in the domain of Space Radiation that are needad within the ESA 55A SWE network:
to achieve as z collaborative enterprise its mission of demonstrating and assessing the influences of Space Weather and informing and supporting end users through the provision of accurate, reliable and
timely products and (pre-) operational services, tailored to their requirements. The Space Radiation ESC ensures that the monitaring, modelling and farecasting of space particle radiation (ambient
plasma, solar energetic particles, radiation belts, galactic cosmic rays), micron-size particulates (from metecroids and space debris), as well as all types of phenomena induced effects on technologies and
biclogical systems, are fully covered in regard to the near-Earth space environment.

Space radiation refers to high-energy ionized particles of different origin present in space and affecting spacecraft, components and biclogical systems. It covers
mainly the galactic cosmic ray (GCR) background, solar energetic particle (SEP) events and the Earth's trapped radiation belts. GCRs originate from outside the Solar
System znd are composed of high-energy protons, alpha particles and heavier nuclei. Their flux is constant and modulated by solar activity. GCRs are a threat to
astronauts and spacecraft electronics on interplanetary missions. Life on Earth is protected from GCRs by the Earth's magnetic field and atmosphere. However, GCRs
could be a health concern for aircraft crew flying regularly at high altitudes and latitudes.

SEPs consist primarily of protons and electrons accelerated by solar flares or interplanetary shock waves associated with Coronal Mass Ejections (CMEs]). Their intensity
and occurrence are difficult to predict. SEPs cause similar damage as GCRs. They are also a threat for astronauts during an extravehicular activity (EVA) and 2 source
of solar panel degradation.

Trapped radiation belts surround planets with a substantial magnetic field, such as Earth or Jupiter. The radiation belts are composed mostly of protons and electrons.
The dose deposition and non-ionizing energy loss caused by the radiation belt population interacting with spacecraft materials generate degradation in solar panels
and other spacecraft components.

SOHO images altered by solar
energetic particles (® SOHO - ESA
& NASA)
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