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Divergence-free fields

In general, we can specify     in      by three 
independent scalar functions

From

Such that         can be expressed as

And the magnetic field becomes
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In this coordinates a line element

that is parallel to         everywhere, satisfies   

Namely, the field lines are a Hamiltonian system.

Consequently, any continuous symmetry leads to
a conserved quantity and the field lines span con-
tinuous surfaces (magnetic surfaces).
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Axisymmetric magnetic confinement
The simplest MHD equilibrium consist in balancing
magnetic and kinetic forces.

This requires existence of
magnetic surfaces, i.e. the
presence of some symmetry.

Tokamak devices are desig-
ned to create a nearly
axisymmetric configuration.
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In modern tokamaks the bulk plasma is confined
inside a homoclinic magnetic surface.
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Open field lines drives the
particles to the chamber
very quickly.

During the discharge the
strike points receive a con-
tinuous flux of particles
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There is only
one problem
...
Structural
stability.
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Small asymmetries
There are several sources of asymmetry in a to-
kamak plasma:

- Error fields (inherit to machine design)
- Resonant Mag. Perturbations (imposed)
- MHD oscillations (inherit to the plasma)

Homoclinic orbits are structurally unstable but
the magnetic saddle is stable.
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A chaotic region must emerge at the edge

axisymmetric non-axisymmetricStable and 
Unstable 
manifolds 
form a single 
degenerated 
structure.

Manifolds 
split and 
intersect 
each other 
infinite 
times.

The plasma edge now depends on which direction the particle
moves. 
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We can observe indirectly
the lobes by the connec-
tion lengths pattern at
the edge region.

Experimental signatures
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Vacuum

Force-free

Modeling approaches
Vacuum
perturbation

Force-free
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Calculating the manifolds
First we need to locate the non-axisymmetric saddle

For this we introduce the
"three-mapping method"
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The saddle orbit differs from the curve where
the flow vanishes.

It is an unstable periodic orbit.

Found after
five iterations
of the three-
mapping me-
thod.
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Now we introduce an adaptive calculation of the
manifold leading to an ordered high resolution re-
presentation

... The method locates
sparse regions in the
manifold and introdu-
ces new initial condi-
tions in appropriate
locations.

The resulting points are ordered and can be joined smoothly
with a continuous line instead of presenting them scattered
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Consider a perturbed particle in a quartic potential

This is the
unstable
manifold
linked to
the saddle
orbit.
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The random sam-
pling technique
misses the fine
details of the in-
variant manifold.



The plasma edge in non-axisymmetric diverted discharges

Universidade de São Paulo, 2015

Modeling non-stationary heat patterns
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IR Camera
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Shot 158826 ESLD66M, R0 Br loops,ext. (Pairs)
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Pickup
coils

The magnetic sig-
nals and heat pro-
file evolution have
the same period.
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An internal helical current in a rational surface
can create a stationary helical lobe.

If the helical current rotates toroidally the
unstable manifold will rotate toroidally showing
a different cut to the camera every time.
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The gray regions correspond to the time
intervals of the heat measurements and 
the pink region is the interior of the un-
stable manifold. 

The result matches well with the measu-
rements...

Ongoing work...
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