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n=0.001-1,000 cm3 

E=0.1eV to hundreds of MeV   



Illustration by K. Endo / Y. Kamide 

Solar-terrestrial coupling 



Magnetic reconnection:  
Transforming magnetic to kinetic energy 
 



Magnetic reconnection:  
Transforming magnetic to kinetic energy 
 



RC/RB 

H. Koskinen 



NOAA storms classification 



Radio blackouts 
Solar radiation storms 
Geospace magnetic storms 
(or Geomagnetic storms) 



Radio blackouts: 
X-rays from solar flares –  
critical for SatCom and SatNav 
Minor – Moderate - Strong- 
Severe – Extreme 
GOES X-ray monitor:  
M1 – M5 – X1 – X10 - X20 



GOES 



Soft X-Ray Light Curves from GOES 
(Geostationary Operational Environmental Satellites) 

M7 Flare 



Soft X-Ray Light Curves from GOES 
(Geostationary Operational Environmental Satellites) 

X17 Flare 



Solar radiation storms: 
SEPs – impacts on spacecraft  
and humans 
Minor – Moderate - Strong- 
Severe – Extreme 
Flux of energetic ions >10 MeV 

 10 – 102 – 103 – 104 - 105 





Geomagnetic storms: 
Global magnetic disturbances 
in geospace 
Minor – Moderate - Strong- 
Severe – Extreme 
Kp: 5, 6, 7, 8, 9 





	
  
	
  
	
  

Magnetospheric	
  substorms	
  



	
  
	
  
	
  

Magnetospheric	
  substorms	
  
formerly	
  aka	
  

Auroral	
  substorms	
  



	
  
	
  

Single	
  most	
  defining	
  feature:	
  
	
  

Auroral	
  displays	
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Space Weather 

The Aurora 





Typical substorm features 

Magnetic field reconfigurations  
(stretching followed by dipolarization) 



Typical substorm features 

Particle acceleration  
and injection into 
inner magnetosphere 



!  Duration:  1-­‐‑3  hours	

!  Energy:  1015-­‐‑1016  J	

!  dayside  reconnection  =  

energy  loading	

!  nightside  reconnection  =    

msph.  reconfigurations,  
energy  dissipation,  
particle  acceleration,  
plasmoid  ejection	


!  auroral  brightening,  
field-­‐‑aligned  currents,  
Joule  heating	


!  Rate:  several  /  day	


Magnetospheric substorms 



	
  
	
  

Geospace	
  magne0c	
  storms	
  
	
  



	
  
	
  

Geospace	
  magne0c	
  storms	
  
aka	
  

Geomagne0c	
  storms	
  



	
  
	
  

Geospace	
  magne0c	
  storms	
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Geomagne0c	
  storms	
  
aka	
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  storms	
  



	
  
	
  

Single	
  most	
  defining	
  feature:	
  
	
  

Global	
  Geomagne0c	
  Field	
  Depression	
  	
  



Geospace Magnetic Storms 



Geospace Magnetic Storms 

Daglis et al., PSS2007 
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Single	
  most	
  defining	
  feature:	
  

	
  
Global	
  Geomagne3c	
  Field	
  Depression	
  

which	
  can	
  be	
  explained	
  	
  
through	
  the	
  diamagne3c	
  effect	
  	
  

of	
  a	
  giant	
  (ring)	
  current	
  flowing	
  around	
  the	
  Earth	
  



Geospace magnetic storms 

!  Duration:  1-­‐‑3  days	

!  Energy:  1016  -­‐‑  1017  J	

!  Magnetosphere:	


"  global  B  disturbances	

"  intense  currents  (RC)	

"  particle  acceleration	


!  Auroral  regions	

"  bright  auroral  displays	

"  intense  ionospheric  
currents  (electrojets)	


"  rapid  surface  B  variations	

!  Rate:  1/month	




	
  
	
  

Main	
  storm	
  driver	
  
Strong	
  and	
  prolonged	
  (many	
  hours)	
  	
  

southward	
  directed	
  IMF	
  
as	
  seen	
  in	
  some	
  ICMEs	
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Van	
  Allen	
  Belts	
  
	
  
	
  



	
  
	
  
	
  

Van	
  Allen	
  Belts	
  
aka	
  

Radia0on	
  Belts	
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Radiation belts 

Mitchell	
  [1994]	
  



Flux variability in the radiation belts 

The radiation belts exhibit substantial variation in time: 

•  Solar cycle:            
years 

•  Season: Months 
•  Solar rotation:          

13-27 days 
•  Storm recovery:       

days 
•  Storm main 

phase:  hours 
•  SSC: minutes 
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Radiation belts 

Then … 

…and now 45 



Radiation belts – Slot region 
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Van Allen Belt Dynamics 

Space Weather 
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Van Allen Belt Dynamics 

Space Weather 



 Plasmasphere 

 1  3  5  7  9  RE 

 10%  20% 
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Microbursts  
(by VLF Waves) 
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ULF Wave Power 
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ENERGIZATION"
(by VLF waves)"
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(by ULF waves)"
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Space Weather 



	
  
	
  
	
  

Ring	
  Current	
  
	
  



	
  
Single	
  most	
  defining	
  feature:	
  

	
  
Global	
  Geomagne3c	
  Field	
  Depression	
  

which	
  can	
  be	
  explained	
  	
  
through	
  the	
  diamagne3c	
  effect	
  	
  

of	
  a	
  giant	
  (ring)	
  current	
  flowing	
  around	
  the	
  Earth	
  



Image  courtesy  Hannu  Koskinen  (FMI)	


The Ring Current 





Vasyliunas,	
  in	
  Earth’s	
  Magnetospheric	
  Processes,	
  	
  
Astrophysics	
  and	
  Space	
  Science	
  Library	
  Vol.	
  32,	
  1972	
  



Vasyliunas,	
  in	
  Earth’s	
  Magnetospheric	
  Processes,	
  	
  
Astrophysics	
  and	
  Space	
  Science	
  Library	
  Vol.	
  32,	
  1972	
  



One Ring�
John	
  Ronald	
  Reuel	
  Tolkien	
  

	
  



	
  
	
  
	
  

Storm-­‐substorm	
  rela0onship	
  



	
  
Storm	
  =	
  Σi	
  Substormsi	
  

	
  

Ring	
  current	
  =	
  	
  
Accumula3ve	
  result	
  	
  

of	
  a	
  series	
  of	
  substorm	
  ion	
  injec3ons	
  
	
  

Sydney	
  Chapman,	
  Syun-­‐Ichi	
  Akasofu	
  







	
  
Substorms	
  do	
  however	
  	
  

influence	
  /	
  define	
  	
  
plasma	
  composi3on	
  	
  
in	
  the	
  magnetosphere	
  	
  

and	
  specifically	
  	
  
in	
  the	
  inner	
  magnetosphere	
  	
  

and	
  in	
  the	
  ring	
  current	
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Daglis et al., PSS2007 



Ring  current  asymmetry  [Daglis  et  al.,  2003]	


Dynamic evolution – RC [a]symmetry 



	
  
	
  
	
  

Van	
  Allen	
  belt	
  dynamics	
  	
  
and	
  geomagne0c	
  storms	
  



Flux variability in the radiation belts 

The radiation belts exhibit substantial variation in time: 

•  Solar cycle:            
years 

•  Season: Months 
•  Solar rotation:          

13-27 days 
•  Storm recovery:       

days 
•  Storm main 

phase:  hours 
•  SSC: minutes 
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Geospace Storms and Radiation Belts 
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Geospace Storms and Radiation Belts 
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Magnetic Storms and Radiation Belts 
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Pre-Storm
(Maximum Flux 1-3 days before min Dst)
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Geospace Storms and Radiation Belts 



Associa3on	
  of	
  MeV	
  
electrons	
  with	
  ULF	
  
wave	
  power	
  increase	
  
[Baker	
  &	
  Daglis,	
  2006]	
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Geospace Storms and Radiation Belts 
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Geospace Storms and Radiation Belts 



Geospace Storms and Radiation Belts 

WPI-PAD CONTROL OF LOSS RATE 

ULF/ELF/VLF waves resonate with trapped 
particles in the magnetosphere causing pitch 
angle scattering and precipitation. 

B0 

trapped α 



Geospace Storms and Radiation Belts 

Complex and rich relation 
Reeves, SW2007 



FP7-Space MAARBLE 
NOA,ONERA,BAS,IRF,IAP,UofA, UCLA 

www.maarble.eu 



Usanova et al., JGR2010 

Geospace Storms and Radiation Belts 
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Whistler Waves 
Lightning-produced waves in frequencies 1-30 kHz 
Due to the dependence of their dispersion relation to 
frequency, high-frequency components of the pulse arrive 
slightly before the low-frequency components. 



Chorus 
L=4 and L=10, distribution peak near local dawn 








