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Outline:
•Introductory overview
•Recent paradigm changes
•New insights on storms, waves and particles

Energetic particles in Geospace



3

Protective cocoon

Particle accelerator



Science, 2013



E=0.1eV to hundreds of MeV  
n=0.01-1,000 cm3
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RC/RB

H. Koskinen

RB: 
Trapped electrons: 10s keV to ~MeV
Trapped protons: 0.1 to 100s MeV

RC: 
Trapped ions 10s to 100s keV 



RC/RB

H. Koskinen

Ring current

•Electric current (~MA) 
encircling the Earth 
•Carried by energetic ions (10s‐100s keV)
•Responsible for global ΔΒ
Main issues: Growth and decay mechanisms, relation
with waves and RB dynamics
SW effects: Geomagnetically‐Induced Currents 
(power grids, oil pipelines)



Geomagnetically-Induced Currents
 power grids, 

 oil and gas pipelines (increased corrosion)

 train light signals can be affected (two 
 documented events in Sweden)

Damage to a transformer 
at a power plant in 
Delaware, New Jersey in 
March 1989 (10 M$)



RC/RB

Radiation belts
•Toroidal‐shaped 
high‐energy, magnetically 
confined plasma 
•Protons (up to hundreds of MeV) and 
electrons (up to several MeV)
Main issues: Growth and decay mechanisms
SW effects: Spacecraft anomalies, 
radio propagation disturbances



RB SW effects



Ring Current

Paradigm Changes



Geospace Magnetic Storms



Brandt et al. (2008)



Other currents: the Banana current

Models

Data (IMAGE/HENA)



Solar/ionospheric source, Convection/substorms

Metallinou, 2006



Radiation Belts

Paradigm Changes



Radiation belts

Mitchell [1994]



Radiation Belts –
 

the Slot region

(CRRES, Bernie Blake)



Radiation Belts –
 

the two-belts structure



Radiation Belts –
 

the two-belts structure

Relativistic Electron Probe Telescope data from the RBSP satellites

D N Baker et al. Science 2013;340:186‐190



Radiation Belts –
 

the two-belts structure

D N Baker et al. Science 2013;340:186‐190



Magnetic Storms 
and Radiation Belts



Magnetic Storms and Radiation Belts
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Magnetic Storms and Radiation Belts
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Magnetic Storms and Radiation Belts
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Magnetic Storms and Radiation Belts

1989-2000 Geosynch
Reeves et al., GRL2003



Is there a connection 
between 
the Radiation Belts
and magnetic storms 
(i.e. the Ring Current) ?



Van Allen Van Allen 
BeltsBelts

RingRing
CurrentCurrent

and theirand their
wave wave 

 couplingcoupling



ULF Waves and Radiation Belts

Association of MeV 
 electrons with ULF 

 wave power increase
[Baker & Daglis, 2006]

30



104
106
108 ULF 

Power
(nT2/Hz)

EventPredawn

Event

Nonevent

Event

Nonevent

Event

Nonevent

Nonevent

Morning

Afternoon

Premidnight

-72 -60 -48 -36 -24 -12 0 12 24 36 48 60 72 84 96
-100

-50
0

Epoch Time 
(Hours)

654L

(n
T)

10-2

100

(#
/c

m
2 /

s/
sr

/k
eV

)
GEO 1.8-3.5 MeV

Dst

Nonevents at GEO [134]
Events at GEO [129]

HEO1 > 1.5 MeV L=4.5103
104
105

(#
/c

m
2 /

s/
sr

)

654L

654L

654L

654L

654L

654L

654L

O’Brien 2003

31



Waves and Radiation Belts

Storm-time waves have also been connected to 
RB losses

=> through pitch-angle scattering 
by EMIC waves (Pc1-2) into the loss cone 
and subsequent loss into the atmosphere

=> through radial diffusion 
by ULF waves (Pc3-5)
and subsequent outward transport and loss at the 
magnetopause



ULF Waves and Radiation Belts

New results from the Van Allen Probes 
(Radiation Belt Storm Probes) mission 
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1.1 MeV 
  
730 keV 
 
456 keV 
 
221 keV 
 
111 keV 
 
57 keV 

Storm‐time Chorus‐Driven Electron Energization
RBSP / EMFISIS and MagEIS

14 November 2012 storm



Ground and RBSP EMICs and Proton Precipitation at 
 LEO

Conjugate EMIC wave observations from the CARISMA magnetometers and the 
 Van Allen Probes together with proton loss on the LEO‐orbit NOAA POES 

 satellite on October 11, 2012



Summary

The two energetic particle populations in Geospac
the ring current and the Van Allen radiation belts, 
monitored and studied separately for a long time,
are strongly coupled through 
storm‐time electromagnetic waves.
Several international efforts are on‐going. 
One them is the Greek‐led MAARBLE project
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Shameless Ad
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New Book

Waves, particles and storms in geospace
G. Balasis, I.A. Daglis

 
and I. Mann

Contributions by:
D. Baker, R. Horne, U. Inan, G. Reeves, H. Spence, and others

to be published by Oxford University in 2014
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