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A single serious event might cause $2 trillion in damages. (NRC)
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Nonlinear Force-Free Field Model

Inoue, Kusano et al. ApJ 2011
(c) 02:22 UT on Dec.13
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= Long PIL of strong magnetic shear (Hagyard, et al. 1984)

= sigmoidal structure (Rust & Kumar 1996; Canfield et al. 1999)

a flux rope (Forbes & Priest 1995; Torok & Kliem 2005)

= Mmagnetic helicity injection (Kusano et al. 1995, 1996)

= double loop structure (Hanaoka 1997)

= flux cancellation (van Ballegooijen & Martens 1989)

= converging foot point motion (Inhester et al. 1992)

= narrow magnetic lanes between major sunspots (Zirin & Wang 1993)

= emerging magnetic fluxes (Heyvaerts, Priest & Rust 1977; Moore &
Roumeliotis 1992; Feynman & Martin 1995; Chen & Shibata 2000)

= the sharp gradient of magnetic field (Schrijver 2007)

= reversed magnetic shear  (Kusano et al. 2004)

= topological complexity (Schmieder et al. 1994)

= Intermittency and multifractality (Abramenko & Yurchyshyn 2010)
=  Mmultipolar topologies (Antiochos et al. 1999)
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Parameters in Ensemble Simulation

Large field &
(free energy)

Box:Rectangle including PIL
Initial condition: LFFF

161
cases

Small field
(trigger)

azimuth: o,

= 3D MHD
s 256x1024x512 grids
= output: 800 GB.”run




Parameter Space: 0, vS. ¢,
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Flare Phase Diagram
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Magnetic structure just prior to flare

OP type

chromo-
current sheet sphere

Flux tube is formed by reconnection in chromosphere.




Magnetic structure just prior to flare
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Critical Phenomena

free ery

How large free energy
has been loaded?

Linear instability
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Triggered Phenomena

When will he come? | \

Nonlinear instability
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News: Solar Flares are Predictable’
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