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IMF Bz<0 (southward) => idealized steady 
reconnec=on + plasma convec=on  



9.12.2011 

2 

Energy to drive magnetospheric plasma 
convec=on, field‐aligned currents and aurora 

comes from the solar wind 
A part of the energy carried with the solar wind can penetrate into the 
magnetosphere, especially when IMF has a southward component. One 
widely used es?mate for the energy input is the epsilon parameter by 
Akasofu: 

                               ε = 107 vB2sin4(θ/2)lo2  
 

where the unit of ε is W, lo is a length of 7 RE, v and B are the solar wind speed 
and magne?c field, respec?vely, and θ is the clock angle of the IMF defined as 

θ = arctan(By/Bz). 
 

Several other coupling func?ons exist and these have been compared to 
different indices of geomagne?c ac?vity, especially to AE, AL and Dst (e.g. 
Newell et al, 2007). 

Magnetospheric substorms 
When IMF Bz<0, some energy is stored as magne?c energy in the nightside 
magnetotail. The explosive release of this energy is called magnetospheric 
substorm. This anima?on shows forma?on of the near‐Earth neutral line (NENL) 
in the tail. 



9.12.2011 

3 

Aurora during substorm 
•  Growth phase (A): arcs are 

dri[ing equatorward. 
•  Substorm onset (B): the most 

equatorward arc brightens. 
•  Expansion phase (C): auroral 

bulge expands poleward, 
towards east and west => 
westward traveling surge, WTS.  

•  Late expansion phase (D): 
Omega bands travel eastward.  

•  Recovery phase (E): at the 
equatorward edge of the 
eastern region, dim pulsa?ng 
patches of aurora appear, 
dri[ing eastward. The WTS 
degenerates. Aurora recovers to 
lower la?tudes. 

•  Late recovery phase (F): in the 
morning sector pulsa?ng aurora 
proceeds for some ?me. 

Currents during substorm 

The beginning of the 1980’s: Is the substorm a 
directly driven or a loading-unloading process (or 
both)?

Directly driven electrojets or the substorm current wedge –
or both?

Clauer and McPherron (1974) 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Group task 4: What happens during substorm 
phases in the magnetosphere and the ionosphere? 

Fill in the form. 

Extra ques?on: Which magne?c index is a 
good measure of substorm ac?vity? 

Configura=onal changes in the magnetosphere The original NENL model of Hones

Hones (1979) 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Model for substorm onset 

THEMIS Ground-Based Coordination – SuperDARN Workshop - 2006         

THEMIS
Mission Science Objectives

Primary – What macroscale instability causes substorm onset?

Secondary – How are radiation belt electrons energized?
Tertiary – Dayside solar wind-magnetosphere coupling processes.

MHD scenario for cross‐tail current disrup=on 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CHAPTER 5. PLASMA CONVECTION AND MAGNETOSPHERIC CURRENTS 66

Figure 5.15: Example of contours of constant plasma pressure (red) and flux tube
volume (blue) in the equatorial plane, which give rise to a field-aligned current to the
ionosphere (Auroral Plasma Physics, 2002).

Current conservation ∇ · j‖ = −∇ · j⊥ gives

∇ · j‖ = −∇ · j⊥ = −∇ ·
[
B×∇p

B2

]

. (5.64)

It can be shown (Vasyliunas, 1970; Heinemann and Pontius, 1990) that this equation
yields

/ion

eq

j‖
B

= −Beq

B2
eq

· ∇peq ×∇V , (5.65)

the so called Vasyliunas equation. Here V is the differential flux tube volume (i.e. the
volume of a magnetic flux tube of unit magnetic flux). This volume is given by

V =
∫ ion

eq

ds

B
, (5.66)

where the integral is extended along a magnetic field line from the equatorial plane to
the ionosphere. If, for simplicity, we assume that j‖ vanishes in the equatorial plane,
eq. (5.65) gives the parallel current density in the ionosphere. This approach doesn’t
imply any generation mechanism, it just addresses diversion from the perpendicular to
the parallel current.

For the current to be diverted accordig to eq. (5.65), it is necessary that contours of
constant pressure p and constant flux tube volume V in the equatorial plane are not
aligned with each other. Thus e.g. reduction of plasma pressure in the equatorial plane
(or change in flux tube volume) may lead to a field-aligned current (Fig. 5.15).

If the pressure gradient term in eq. (5.62) is small, the first term, the inertial term may
dominate. In this case, the perpendicular current reduces to

j⊥ = −ρm

B2

dv

dt
×B . (5.67)

The NENL produces fast  flows 
Earthward. The volumes of flux 
tubes decrease when they 
approach the Earth and an 
outward pressure gradient 
develops. The pressure gradient 
produces braking of the flows, 
dv/dt. This produces the iner?al 
current in the opposite direc?on 
as the cross‐tail current: 

dv/dt 
B 

j⊥



