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The Issue
Magnetic field lines can be stochastic and circuit the torus a very
large number of times before crossing the region or striking a wall.

Plasma rotation and pressure can modify the width of the stochastic region.

“Unhealed” NCSX from NF 43, 1040 (2003).
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Condition for Pressure Shielding

Plasma pressure can shield out stochasiticy causing perturbations if
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db=2m0dp/B2 measures pressure drop across stochastic layer
w is stochastic layer width
i=1/q is rotational transform and i’=di/dr
a is minor and R0 the major radius.

Near an axisymmetric separatrix 
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Calculation of Pressure Effect On Width

Magnetic stochasticity caused by resonances between dA||/B and
the underlying magnetic structure where
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Pressure gradient drives a parallel current, the P.S. current.  Let

    

† 

D ≡ -
r 
— ⋅

r 
j ̂

B
=

r 
B 
B

⋅
r 
— 

j||

B
.

Plasma force balance is   
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In a stochastic field neighboring field lines separate as   
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Lyapunov length LL provides a decorrelation distance
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If resonant dA||/B Fourier components caused by currents due
local plasma pressure gradient are comparable to those caused by
external currents, stochastic layer is either shielded out, or plasma
is unstable to setting up a stochastic layer.



6

Pressure Distribution in Stochastic Layer

Plasma pressure varies slowly along   
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Solve using Monte Carlo method: 

† 

ln = (1-nt )lo ± (1- lo
2 )nt

For each of the 3 coordinates: 
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Estimation of Effect

Critical island half-width for stochasticity is 
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Near island 
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Pressure-driven current gives 
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Pressue-driven dA||/B is smaller than that externally produced
only if
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If w/a=0.1, i=1/3, and a/R0=1/3 then there are strong pressure
corrections unless db<2x10 -4.
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db Dependence on Mode Number m

Critical db for important plasma effects is independent of m.

However, expected 

† 

db µ m4 if parallel transport is diffusive.

Typical distance along a field line to cross stochastic layer is
LT= (w/2D)2 LI µ m2.

Distance to go around an island is LI=8R0/i.

Island width for overlap is Dµ1/m.

Expect strong m dependence in stochastic layer balance.
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Summary of Plasma Effects

If pressure drop across a stochastic layer is sufficiently large,
db>10-3 to 10-4, plasma pressure has a major effect on stochastic
layer.

In principle, plasma can shield or amplify stochasticity effects.  If
it amplifies, plasma is unstable to establishing a stochastic layer.

Though critical db is independent of mode number m  of the
primary islands, the value that can arise increases rapidly with m.

Method was given for calculating the importance of plasma effects.


