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The nature of plasma equilibria in a magnetic field with stochastic regions is examined.[1,2]  
We show that the magnetic differential equation along chaotic field line trajectories that 
determines the equilibrium pressure-driven currents in the stochastic regions can be cast in a 
form similar to various nonlinear equations for a turbulent plasma, allowing application of the 
mathematical methods of statistical turbulence theory.  In particular, resonance broadening 
theory has been applied to obtain a solution.  There is an extensive literature on the theory of 
plasma transport in the presence of stochastic magnetic field lines, and our work addresses the 
issue of the nature of the equilibrium solution in that context.  Equilibria with stochastic 
regions are important for understanding fusion plasma confinement in tokamaks with ergodic 
limiters or resistive wall modes, or with nonaxisymmetric fields imposed for stabilizing 
ELMs.  They are also of interest in contemporary stellarator experiments at their highest 
achievable values of beta, where there is evidence of the formation of a large region of 
stochastic field lines in the outer region of the plasma, with a finite pressure gradient in that 
region. Two difficulties must be surmounted in applying resonance-broadening theory in the 
context of 3D equilibria: 1) Resonance broadening theory makes use of causality, but 
causality does not hold in the context of equilibrium calculations; 2) The equilibrium solution 
in a torus must be periodic in the two angular variables, unlike the time-dependent equations 
to which resonance broadening theory is usually applied. In addition, we must also deal with 
the issue that a plasma having finite pressure gradients in stochastic regions cannot satisfy the 
MHD equilibrium equations. The solution for the current in the stochastic region has been 
incorporated into the PIES 3D Equilibrium code, and has been applied to the calculation of 
equilibria for the W7AS stellarator.  The calculations have yielded a surprising result, 
indicating that the outer 30% of the plasma is stochastic in the high β shots that were studied.  
The calculations provide a credible explanation for a previously puzzling observation, that the 
achievable β could be increased by 50% in some cases by use of the divertor control coil. The 
calculated equilibrium solutions are consistent with the experimental observations, including 
consistent differences between the calculations not only in the relative widths of the stochastic 
regions, but also in the relative magnitude of the magnetic field line diffusion coefficients in 
the stochastic regions, differences in pressure profiles between different shots in the regions 
calculated to be stochastic, and consistency with the Rechester-Rosenbluth estimate[3] for the 
contribution of the field line stochasticity to energy transport. 
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