
Theory & Modeling of Solar Eruptions
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Transient Coronal Holes as Seen by EIT
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CME/Flare Reconnection Rate

Observed Reconnection Rate for X3 Flare

E               / EDreicerreconnect =   10  6 >> 1

collisionless processes involved



Substorm Reconnection Rate







Loss of Equilibrium Model
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Aly - Sturrock Paradox
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loss of equilibrium
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Trajectories
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Numerical Simulation of Critical Point Configuration
t  =   0 s

initial condition:  V  =  0
energy equation:  Ohmic heating
                             no cooling
resistivity:  uniform,  S  =  500





Chromospheric Evaporation
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24 April 1984 BCS/SMM

Ca XIX Antonucci et al. 1990

Evaporation Doppler Shift Puzzle
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2D Asymmetric Quadrupole Model

test of “tether-cutting” concept

strength of  new emerging flux (NEF)
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Equlibrium Manifold in 5D Parameter Space of Model

3D “cross section”

2.  normalized main arcade field

3.  new emerging flux strength (NEF)

1.  normalized radius of flux rope

4.  normalized depth of NEF

5.  normalized distance of NEF

2nd order umbelic catastrophe





I  ∝  1/[R ln(R/r0)]
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How to Achieve Equilibrium
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flux rope hoop force

dipole attraction
(strapping field)

However,  such an equilibrium is unstable!





SAIC CME Simulation

Linker et al. (2001)



3D Loss-of-Equilibrium Model

3. line-current

1.  flux rope

2.  magnetic
   charges

Titov & Démoulin (1999)

3 field sources





Line-Tied Evolution

erupted configuration

initial
configuration vertical field at surface

potential field



Flux-Rope Footprint

initial
footprint

images courtesy of B. Kliem



Transient Coronal Holes as Seen by TRACE



Forces Acting on Flux Rope

force vectors

out of plane
twisting

restoring forces
near feet



Kliem & Török (2004)

current density



Simulation of  Kliem & Török

1. line current replaced by quadrupole
2.  subcritical twist for helical kink
3.  torus center near surface



What is the Trigger Mechanism in the Breakout Model?
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Role of Reconnection in the Breakout Model





Simulation of Flux-Rope Eruption in 3D MHD

courtesy of John Linker at Predictive Science

top view (XRT) side views



Flux Rope Emergence & Eruption

3D simulations of Fan & Gibson (2006) 



Yeates & Mackay 2009

van Ballegooijen & Mackay 2007

Flux Ropes Are Characteristic of Low β Plasmas
prominence plasma β << 1

∇P  ≈  0  :  j × B  ≈�  0

blue:  flux ropes

red:  flux ropes that erupted

j  ||  B 

j along B produces twist

flux rope defined as enough twist
to produce inverse polarity

(about 1 turn)



How are stressed magnetic fields formed?

What determines the rate of reconnection?

magnetic energy storage

To what extent are flares & CMEs predictable?

kinetic processes
turbulence

loss of equilibria

loss of stability


