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Reconnectionin Astrophysics

o N

# Invoked in solar/stellar atmospheres & interiors,
accretion disks, jets, interstellar & intergalactic gas.

# Rapid transfer of energy from magnetic eld to plasma
» Jets and other out o ws
» Heating of electrons and ions
» Acceleration of particles to high energies

# Change magnetic topology
s Growth of eld by a dynamo
s Relaxation
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Astrophysicaland Lab Reconnection
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# Astrophysical reconnection is often characterized by
extreme parameters.
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® In Coulomb plasma, S 0:01LB T3%n ¥ cgs.

#® Novel effects operate in astrophysical plasmas

» Multispecies systems, including neutrals, charged
dust, relativistic particles

. Map loreven 1
Strong cooling
Turbulent gas dynamics
Stochastic magnetic eld J
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Dual Challenges
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#® lLarge S, L= ; based on macroscopic scales require a
process to create small scale structure.

» MHD reconnection & tearing rates scale as S F;

p 0.5

» Collisionless reconnection rates scale as ( j=L) ¢;
q 1

» Anomalous resistivity: j =(engv;) 1requires layer
width i 172

# But in application where large energy release is
required, this small scale structure must tap global free

energy.
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Line Tied Systems
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# Directly relevant to
s Energy storage & release in stellar & disk coronae
s Lab experiments: Rotating Wall, RSX

# Implications for
s Driven reconnection
» Reconnection without magnetic surfaces
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Complexity of the Solar Magnetic Field
B -

Decaying phase of a solar are imaged with TRACE. The

dark loops represent cooled plasma which is opagque at
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Rapid Flare Energy Release
- -

Time proles of x-ray bremsstrahlung and radio gyrosyn-

chrotron radiation. Timescale comparable to dynamical
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No Characteristic Flare Energy
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The distribution of are peak x-ray uxes is a power law,

n(E)/ E 18 over several decades.
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Footpoint Motion + Resistve Dissipation

o N

In a steady state, for a force free magnetic eld,

V4 V4
(n B)(V? B? ) dZX — J 2d3x

S 4 V

What determines B, ? Can energy be stored & rapidly re-

Lleased? J
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Inter nal Kink Modes
-

Long, thin cylinder with force free B = "B (r) + 2B,(r)
Periodic BC; helical perturbation Q(r) expi(kz )

Instability driven inside rational surface rs where
k B=0.

Growth rate O(kva (kr)?)
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Eigenfunction
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Step - like radial displacement, localized twist. Linear layer
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Nonlinear Kink ed Equilibrium (RDR)
- -

Nonlinear radial displacement  / rg(krs)?.

_y d..
r O( L) =) s 1
Flux surfaces touch; expect & nd a current sheet.
Evolve resistively.



-

Line Tied Kink
-

Vanishing displacement on boundaries incompatible
with helical symmetry.

Superposition of Fourier harmonics in z with different
I's

Sinusoidally tapered eigenfunctions

Suf ciently short cylinders are stable. Require 1
twist for instability.

Numerical work suggests growth rates similar to
periodic case.
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Eigenfunctions

From Lionello et al. 1998. Numerics suggest sharp eigen-

function anyway.
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Helical Instabilities

x103

Squared growth rates of unstable Fourier modes for periodic

boundary conditions (all m = 1).
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Eigenfunction Structur e

Re(x ), w’= 0.0052575598
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Eigenfunction Structur e

Re(x ), w’= 00044177200
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Random and transverse components of displacement in line

tied case.
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Our Goals

Scaling of layer width with length of cylinder T

Construct nonlinear equilibrium. There are arguments
against a force free cylindrical current sheet (Van
Ballegooijen, Cowley, Longcope).

The driven system. Energy dissipation rate. Connection
to resistive kink mode?
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Broader Picture
-

Energy storage in coronal loops: B =B, 2 r=L 1

Increase of J;ns by random footpoint motions till
dissipative regime is reached

General problem of reconnection without magnetic
surfaces

Translate driving at endpoints to powerlaw energy
release rate? True self-organization.

|

Magnetic Reconnection in Line-Tied Systems — p.19/19



	Reconnection in Astrophysics
	Astrophysical and Lab Reconnection
	Dual Challenges 
	Line Tied Systems
	 Complexity of the Solar Magnetic Field

