Equilibrium code consistent with field line chaos. Critical behaviour in toroidal plasma confinement
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Hamiltonian relevence

Investigate the breakup of flux surfaces to determine their usefulness as interfaces in Do Hamiltonian (phase space)
SPEC, and to learn more of the nature of flux surfaces. trajectories map directly to field lines
(configuration space)?

Old codes

Theory and limitations

The flux surfaces must withstand:
1. the deformation of the plasma, which introduces islands and chaotic volumes and
2. the pressure discontinuity across the surface, which we require in SPEC.

Relax plasma energy in entire plasma volume. The relationship between the

Hamiltonian formulation and the
physical configuration problem is not
well understood.

Assume nested flux surfaces so problem is
analytically solvable.

This can be done by investigating the Hamiltonian formulation of

In reality, depending on deformation of plasma A\ '1 1. The magnetic field line configuration, called the magnetic field line Hamiltonian, Kaiser and Salat [1] suggested a purely

boundary, plasma has a fractal structure of flux N and configurational version of the problem,

surfaces and regions of chaos. 2. The pressure discontinuity condition, called the pressure jump Hamiltonian but little information can be extracted
respectively. from it.

SPEC - new code
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How it will work

Trajectories of the field line
Hamiltonian are the field lines that
permeate the plasma.

Trajectories of the pressure jump
Hamiltonian correspond to the
field lines on a given surface that
survive a given pressure
discontinuity.

If the field lines lie on a torus, they
draw out a flux surface, which can
act as a barrier to transport.

Increasing deformation tends to Increasing pressure tends to destroy
destroy flux surfaces. flux surfaces.
P

wmp = 0.200000, ¢ = 0.00000, 6 = 0.00700 Pump = 2.00000, ¢ = 0.00000, 6 = 0.00700
1.2F L BTl e T 0 . ' | 1.2 R T = ‘.4_’_.- T ; 'ra

Solve for magnetic field (B) between interfaces Warp boundaries to satisfy force balance
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Current results

Allow for coordinate singularity at magnetic axis

Directly warp Fourier components of decomposed surface
to satisfy pressure balance.
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Future Work

ldentify flux surfaces to use as interfaces.
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