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サブストーム（全ての磁気圏）モデルに必要な４条件
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• 電流系が力バランスを満たすこと


• J‖にシアー流が付随すること

• エネルギ 供給 ダイナモが形成されること
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0EJ 
• エネルギー供給→ダイナモが形成されること

• 電離圏closureが成立すること
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電離圏 成 する

,,Ev → 同一物理量
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Convection pattern and FAC (IMF By dependence)

Potential and field-aligned current
Case 1IMF By- IMF By+
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Potential and field-aligned current
Case 3IMF By- IMF By+
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Heppner-Maynard convection pattern

Potential and conductivityIMF By- IMF By+
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Convection pattern and FAC

Ionospheric closure with uniform ΣIonospheric closure with uniform Σ
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Convection pattern and FAC

Ionospheric closure with non-uniform ΣIonospheric closure with non-uniform Σ

H: high potential, L: low potential
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Substorm currents system (color FAC)



Substorm current system and convection
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Substorm onset location (Super DARN)

ConvectionFlow velocity Convection 
reversal boundary
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(Bristow, 2009)



Onset arc problem (upper poleward)

(Rae et al., 2009)



N-S arc and substorm onset

(Xing et al., 2010)



Region 2 current driven model of the substorm

(Grand current loop)
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Developments of precursory flow and pressure

(Color:Vx at y=z=0 Contour:P at y=z=0 interval 240 pPa)(Color:Vx at y z 0, Contour:P at y z 0 interval 240 pPa)
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Earthward propagating dipolarization front 
(THEMIS)( )

(Runov et al., 2009)



Convection pattern and substorm FAC
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Force balance（34）Force balance（34）



Force balance and state transition

52 ionset t=52 min
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Force balance end（３４）Force balance end（３４）
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Jy end（１０）Jy end（１０）



endend



Cowling channel

Hall PedersenCurrent divergence and FAC
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