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Neoclassical Transport [ Based on the Characteristics of Particle Orbits [
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Abstract

Neoclassical transport properties (particularly particle diffusion and bootstrap current) in toroidal magnetic
configurations are intuitively explained based on particle orbit properties. The particles trapped in magnetic
mirrors which exist inherently in toroidal geometry can enhance particle diffusion across the magnetic field
as compared with classical diffusion in a uniform magnetic field. The variation of trapped particle orbits and
the role of the radial electric field in a non-axisymmetric torus are also remarked. The bootstrap current, which
has been identified to be in good agreement with the neoclassical prediction, is simply explained in an axisym-

metric geometry based on the particle picture.

Keywords:

effective collision frequency, step size, random walk process, classical diffusion, particle orbit, toroidal drift,
banana particle, helically trapped particle, super-banana particle, radial electric field,

poloidal angular frequency, bootstrap current
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Fig. 1 Diffusion of a charged particle (open circle) in a homoge-
neous magnetic field due to collisions with other particles
(full circles).
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Fig.2 Schematic view of an axisymmetric torus.
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Fig. 3 (a) Guiding center trajectories are shown on (¢, ) plane
for an untrapped and a trapped (banana) particles. The
bounce points for a banana particle are also shown with
x . The horizontal lines are contours of B , whose mini-
mum is located at ¢ = 0. (b) Projection of an untrapped
and a trapped particle trajectory shown in (a) on a poloi-
dal cross section with the indication of 4, and 4y. Those
particles have initially ; < 0. The center of atorus (Z axis
in Fig. 1) is in the left hand side of this figure. The outer-
most circle by dotted curve is the outermost magnetic sur-
face and inner one is a surface from which above men-
tioned particles are launched. The direction of B, VB and

B x VB are also illustrated.
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Fig. 4 The dependence of the diffusion coefficient on the
collision frequency in an axisymmetric torus.
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Fig. 5 The typical topography of B on a magnetic surface for an
L =2 heliotron. The vertically and horizontally elongated
cross sections and location of L = 2 helical coils are also
illustrated for reference.
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Fig. 6 (a) Projection of guiding center trajectory of a helically
trapped particle (which can transit poloidally) on a poloi-
dal cross section. The characteristic time wn"* is required
to complete its poloidal transit. The 4 is also indicated.
The expanded picture of a trajectory is also shown to ex-
plain its bounce motion (with the poloidal angular fre-
quency of w1 ) in a magnetic field mirror induced by L =
2 helical coils. One bounce motion is displayed with bold
curves to indicate that the netradial excursionis cancelled
for this bounce motion. (b) Projection of guiding center tra-
jectory of a super-banana particle on a poloidal cross sec-
tion. The 4y, is also indicated. The launching point is in-
dicated with o both in (a) and (b).
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Fig. 7 The dependence of the diffusion coefficient on the
collision frequency in a non-axisymmetric torus.
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Fig. 8 (a) Projection of guiding center trajectory of a banana par-
ticle on (¢, #) plane with contour of B at the initial surface
inthe presence of alocal magnetic mirrorinduced by toroi-
dal coils in a tokamak. The trapping in a local magnetic
mirror can be seen in o to result in a spontaneous loss
of a particle. (b) Projection of trajectory shown in (a) on
a poloidal cross section to illustrate radially fluctuating
bounce points and the spontaneous loss after being
trapped in a local magnetic mirror.
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Fig.[T1  Conceptual picture for the bootstrap current. The poloi-
dal projection of guiding center trajectories of colliding ba-
nana electrons are shown. The directions of B, VB and

0B x VB (for electrons) are also illustrated.
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