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W. Pickering (New Zealand), J. Van Allen (America), W. von Braun (Germany)!

•  The three men responsible for the 
success of Explorer 1, America's first 
satellite, launched in 1958.

•  They found first evidence for the 
radiation belts using data from a cosmic 
ray detector. 

•  After 56 years there are still open 
questions about the physics connected 
to the radiation belts.

Back in TIME!

Image Credit: NASA 



Image Credit: NASA 

• ‘layer’ of high energy particles trapped by Earth’s 

magnetic field

What are the radiation belts?!

• two giant donuts with the Earth in the center 

of the “donut" hole

• the inner belt - 1,200 km to 6,500 km

• the outer belt -13,000 km to 40,000 km 

• separated by a slot

• the outer belt is much stronger

• the radiation belts are highly variable





In the beginning was the solar wind…!



A little bit of physics!

•  gyrate around the filed line (million times /second)

•  bounce between the poles (1 ride / second)

•  drift around the Earth (1 hour)

What do they do all day long?!lost

trapped

"Attack of the Killer Electrons"

1994: Anik E1 & E2 spins out of control 

2010: Galaxy 15 - runaway zombie worth $100 million 

http://www.satnews.com

Lost population…

Turunen et al. 2009



Why all of this stuff is important?!

• ~50 years of data (ERA-40 and ECMWF)
•  statistically significant differences in winter- time polar surface air temperature 

•  ±4.5 K changes in both hemispheres!

Seppälä et al., J. Geophys. Res., 2009
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• increased ionisation
http://www.nasa.gov/      • EEP

Mechanism !

climate?

• effect on climate

NOx=N+NO+NO2

HOx=H+OH+HO2

ECR
SPE

• enhanced HOx and NOx 

S-M. Salmi et al. 2011

• mesospheric ozone loss

ozone



Mesospheric hydroxyl!

Correlation between OH and energetic electrons!

MLS/AURA:  v.3.3 l.2 nighttime OH; magnetic latitudes 55 - 65o N/S!

Image Credit: NASA 

•  precipitating electrons significantly affect mesospheric hydroxyl during 35% of the time
•  the effect is observed down to about 52 km altitude
•  the correlation decreases as we move towards the solar minimum in 2009

Andersson et al., J. Geophys. Res, 2012
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Day of the month!

What about the ozone?!

Mesospheric ozone !

GOMOS ! SABER! MLS !

Global Ozone Monitoring by Occultation of Stars (GOMOS/Envisat)!

Sounding of the Atmosphere using Broadband Emission Radiometry (SABER/Timed)!

Microwave Limb Sounder (MLS/Aura)!Andersson et al., Nat. Commum., 2014



Effect of energetic electron precipitation on a longer timescales!

GOMOS ! SABER! MLS !

34%!21%! 9%!

Long term effect !

Image Credit: NASA 



Potential impact !



Thank you for your attention!


