Magnetic Reconnection

Energy Conversion: Two Possibilities
Ideal Process Non-Ideal Process
¢.g. kink instability €.g. reconnection
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Energy Conversion Rate Based on Simple Diffusion
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Definition of Magnetic Reconnection

Most general definition: ~ Change in connectivity
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violation of frozen-flux
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magnetic diffusion
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Restricted definition: x-type topology required

projection of adjacent lines

onto plane L @

/Cield line with E-B # 0




Changes in Terms with Dimension

b
BR

7. 3
-
=

?“. ; E 31
' r
i | ]
'V 1 !
i L] [}

stagnation-point flow

merging (annihilation)

E # 0 at neutral sheet

reconnection

E# 0 atx-line (x-point) \?/
separatrix lines <



Definition in Three Dimensions

3D with nulls

Xx-point pairs

separatrix surfaces

E; # 0 along separator line

3D without nulls

x-type topology separator volume

E; # 0in volume quasi-separatrix layers



Sweet-Parker Reconnection

By Vi & P average

quantities
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Petschek’s Solution
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Petschek’s Solution

External Region Equations:
p(V-V)V:—Vp—jXB' V-v=20
Expand:
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Different Solutions for Different Assumptions

Sweet-Parker Petschek
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Svrovatskii’s Solution
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Time Dependent Reconnection
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Apparent Motion of Loops & Ribbons

early on later on
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Electric Field at X-Line
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Reconnection Electric Fields
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newly reclosed flux:

Dp = fj B, dxdy
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Observed Reconnection Rate for X3 Flare
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Magnetospheric Applications

y open magnetic field
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Different Types of Separatrices
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3D Flux Rope Model (Titov & Démoulin 1999)

flux rope

line-current source
“spot”

(monopole)
sources



Squashing Factor Q

Geometrical definition;

Infinitezimal flux tube such that a cross-section at one foot is curcular,

then circle Z=> Zellipse:
g Ty Q = aspect ratio of the ellipse;

™, Q is invariant to direction of mapping.

T Definition of Q in coordinates:
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a, b, c and d are the elements of the Jacobian matrix




Three-Dimensional View of Quasi-Separatrices

QuickTime™ and a
decompressor
are needed to see this picture.

Titov (2004)



Application of Quasi-Separatrix Theory
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How to Define the Reconnection Rate
in the Absence of Topological Distinctions

A

Euler potentials:

B =VaxVp

Hesse et al. (2005)
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Reconnection Pseudo-Potential =

op
Ee %9 . Py, v
5 P v

iy 1s related to an electrostatic potential ¢ via
op

+ O —
W =g o




Kinematic Example of 3D Reconnection in an Erupting Field

(1-y2/LY) 1

B, = -1-4t
&) (1+ y2/Ly2) (1 + z2/L?)
By = x Net Potential Drop
Mapped onto Surface
B, =02

normalized units

Hesse, Forbes, & Birn (2005)

g =10

solar surface

1.6

0.8

0.0



Origin of Non-Idealness

Generalized Ohm's Law: Difference between electron and

\ 1on momentum equations
E =E + VxB

collisions + M

My [ 73 L
inertia + —62 [_thj_ + V- (vj + VJ)]

ne
Hall _IxB
ne
electron VPe
stress n_?

tensor



Origin of Non-Idealness

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

Required Length Solar Terrestrial

to be Effective Corona Magnetosphere
inertia (4,) 1071 meters 104 meters
Hall (1)) 10! 100

e stress 10—3 107

collision 10~/ 10~/




