
Magnetic Reconnection

Energy Conversion: Two Possibilities

Ideal Process Non-Ideal Process

e.g. kink instability e.g. reconnection

fast but poor efficiency (< 10 %) slow but good efficiency (100 %)

frozen flux constraint no topological constraints



L = 6 × 104 km

τd = L2 / η

η = 0.35 m2/s
(collisional)

τd = 3 × 108 yrs !

70 Gauss

50 Gauss

WB = 1032 ergs

Energy Conversion Rate Based on Simple Diffusion



Definition of Magnetic Reconnection







Definition in Three Dimensions



Sweet-Parker Reconnection



Petschek’s Solution

solar corona:

Me = 0.1 to 0.01

10 minutes



Petschek’s Solution

–j1 = 0



Different Solutions for Different Assumptions

plasma beta



Syrovatskii’s Solution

VR ≈ Rm
–1/2 VA

QuickTime™ and a
Animation decompressor

are needed to see this picture.

QuickTime™ and a
Animation decompressor

are needed to see this picture.

VR =  0 VR =  0.5 VA



QuickTime™ and a
Animation decompressor

are needed to see this picture.
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Apparent Motion of Loops & Ribbons
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(1986)

from
ribbon motionfrom

3D model

Forbes & Priest
(1984)



flare ribbons

temporary coronal hole

Reconnection Electric Fields

polarity
inversion

line

newly reclosed flux:

ΦB = Bz dxdy

σ

global reconnection rate:

E ⋅ dl = dΦb
dt

σ



.Observed Reconnection Rate for X3 Flare

15 July 2002
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for estimated separator length of 2 × 105 km:

Eave  ≈  20 Volts / cm



Blanchard et al. (1996)

Magnetospheric Applications



Different Types of Separatrices

point
sources



3D Flux Rope Model (Titov & Démoulin 1999)

line-current source

flux rope

“spot”
(monopole) 

sources



Definition of Q in coordinates:

ŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹ

a, b, c and d are the elements of the Jacobian matrix
ŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹŹ

.

Ź Geometrical definition;

Infinitezimal flux tube such that a cross-section at one foot is curcular,
then circle Ź==> Źellipse:

ŹŹŹŹŹ Q = aspect ratio of the ellipse;

Q is invariant to direction of mapping.

Squashing  Factor Q

Titov, Hornig & Démoulin (2000)
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QuickTime™ and a
 decompressor

are needed to see this picture.

Three-Dimensional View of Quasi-Separatrices

Titov (2004)



Application of Quasi-Separatrix Theory

Démoulin (2004)
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B  =  ∇α  × ∇β

How to Define the Reconnection Rate
in the Absence of Topological Distinctions

Euler potentials:

map

α

β
Hesse et al. (2005)



Reconnection Pseudo-Potential Ξ



.

Kinematic Example of 3D Reconnection in an Erupting Field

Hesse, Forbes, & Birn (2005)

flux rope

solar surface

Net Potential Drop
Mapped onto Surface
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E' = E + V × B
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Generalized Ohm's Law:

collisions

inertia

Hall

electron
stress
tensor

+ η j

Origin of Non-Idealness

Difference between electron and
ion momentum equations  



Required Length
to be Effective

Terrestrial
Magnetosphere

Solar
Corona

inertia (λe)

Hall (λi)

e stress

collision

10–1

101

10–3

10–7

104

106

10–7

105

meters meters

Origin of Non-Idealness

Comparison of non-ideal terms in Generalized Ohm’s Law


