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Outline
• Basic island evolution -- extended Rutherford equation 
• Finite pressure drive: Bootstrap current
• Stabilization mechanisms:

Removal of pressure flattening due to finite heat conductivity
Polarization current 

• Other neoclassical effects
Neoclassical coupling of transverse and longitudinal flows
Enhanced polarization current due to neoclassical flow damping 

• New stabilization mechanism due to parallel dynamics and    
neoclassical coupling

Ion sound effects

• Island rotation frequency
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Diamagnetic banana current +friction effects

Loss of the bootstrap 

current around the island

Bootstrap current

bb JJ =

Constant on magnetic surface
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Qu, Callen 1985
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Diamagnetic current

Glasser-Green Johson

Inertia, polarization 
current

Neoclassical viscosity, 
enhanced polarization 



Bootstrap current drive Polarization current



Enhanced inertia, replaces the standard polarization current

Parallel ion 
dynamics effects
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Neoclassical polarization



neog
depends on collisionality regime and may have further

dependence on frequency, Mikhailovskii PPCF 2001

standard inertia Neoclassically enhanced  inertia



Enhanced inertia, replaces the standard polarization current

Parallel ion 
dynamics effects
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bootstrap drive is reduced,

Fitzpatrick PoP 2, 895 (1995)

Ware pinch contributes to stabilization
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Island Rotation Frequency

• Island rotation is determined by dissipation

- minimum dissipation principle

Dissipation:

- Classical collisions: resistivity and heat conductivity

- Collisionless (Landau damping)

- Perpendicular diffusion density/energy: classical/anomalous

- Perpendicular anomalous viscosity

- Neoclassical flow damping/symmetry breaking
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Connor et al; PoP, 2001

Classical dissipation: parallel resistivity and

heat conductivity
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Classical dissipation: parallel resistivity and

heat conductivity
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Weakly collisional regime, electron

dissipation, Wilson et al, 1996

Collisional dissipation in toroidal plasma: 

mainly collisions at the passing/trapped boundary
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Ion dissipation is important for 
larger collisionality



Neoclassical magnetic damping

Drift waves emission

Anomalous viscosity

Symmetry breaking, neoclassical losses in 3D



Summary

Variety of mechanisms affect the island stability: 

neoclassical/bootstrap, polarization/inertial drifts, magnetic field curvature/plasma 
pressure,  parallel heat conductivity, banana orbits, ion-sound effects, … 

Each of these has to be carefully evaluated

Critical issues:

Island rotation frequency? 

Nonlinear trigger/excitation mechanism

"Cooperative effects" of the error field and neoclassical/bootstrap drive?


