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Auroral arc	growth	as	an	instability	

in	M-I	coupling
� Separation of characteristic scales

� Global geometry of M-I coupling system
=> Field-line length ~ 100,000km
=> Auroral oval ~ a few 100’s km in N-S

� Spatio-temporal structres of auroral arcs
=> Distance of multiple arcs ~10 km

� What is a physical mechanism providing 
the arc structures and its dynamics (drift 
velocity, growth rate, …) ?
� Feedback instability (primary) for 

formation of arc structures
� Nonlinear instability (secondary) for 

deformation of arc structures
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POLAR VIS (GSFC/NASA)

(The Aurora Live, NICT)



Feedback	instability	in	M-I	coupling
� Feedback instability: a possible 

mechanism to explain 
spontaneous growth and 
formtion of auroral arc 
structures in M-I coupling
(Atkinson, Sato, in 1970’s)

� When the convection E field 
exceeds a critical value, auroral
arcs can grow though resonance 
of the shear Alfven wave and the 
density wave in the M-I coupling.

� => 3-D MHD simulation of 
feedback instability
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Electric field E0

Field-aligned 
current

Density wave 
propagation

Shear Alfven 
waves

Ionosphere

Shear Alfven waves
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Perpendicular E-field of Alfven waves

Observation	of	Alfven	waves	and	

turbulence	in	auroral region
(Chaston+ JGR 2003) (Chaston+ PRL 2008)



Reduced	MHD	model	for	the	

magnetosphere
� dB << Earth’s B field, and low-b
� Perpendicular wave length (xf)

<< parallel wave length (xs), equilibrium scales (xs)
� Local flux tube model (periodic in the perpendicular direction)
� Impose uniform electric field E0 driving the convection flow
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Two-fluid	equations	for	the	

ionosphere
� Continuity of electron and ion density (height-integrated)

coupled with the quasi-neutrality equation (ni=ne)
=> Continuity of the ionospheric density and current

� Here, we ignore nonlinear polarization terms
� Closure relations

=> Continuity of f and j|| => M-I coupling
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Vorticity	distributions
� Turbulence transition through the secondary instability
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t=5000 t=7000 t=7500

t=9000 t=10000 t=12000

(Watanabe+ New J. Phys. 2016)



Nonlinear	stage	of	the	feedback	

instability	with	constant	drive
� Time history of density (left) and electromagnetic field energy 

(right)

� Transition to the Alfvenic turbulence ČδE2~δB2čafter saturation 
of the feedback instability growth
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(Watanabe+ New J. Phys. 2016)
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Iijima and Potemura (1978)

w���¿yLI j|| ~ 1 μA/m2

%#òïċą D ~ 100 km 
>> çċíFĊº½ d ~ 10 km

�uðç s = (dBy/dx)/B0
~ μ0 j||/B0 ~ 2.5x10-5 km-1

���¹ l = 105 km ÕÚ sl ~ 2.5

l AlfvenxÙ�]ØOÂÐä'�S
l FACÙ`,ÆLIØáäûèċ÷ùô
í�:;SÛÙ�mÚ?
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