Paleoclassical Model: Minimum Transport Levels*

J.D. Callen, University of Wisconsin, Madison, WI 53706-1609

The paleoclassical model [1] of radial electron heat transport was compared [2] with
experimental results from 7 toroidal devices at the recent IAEA Chengdu meeting. The
general conclusion [2] from the 18 different comparisons is that paleoclassical transport may
set the irreducible minimum (factor ~ 2) level of radial electron heat transport in many
resistive, current-carrying toroidal plasmas. In particular, since the low collisionality regime
paleoclassical xP¢ scales as a'/?/T3/2, whereas the gyroBohm diffusivity scales as T/%/aB?,
paleoclassical transport is usually dominant for [2] T, < T ~ B%/3q/2 keV (~ 1-1.5 keV in
present experiments, but ~ 5 keV in ITER), i.e., primarily in ohmic-level plasmas. However,
if micro-turbulence is suppressed, paleoclassical transport can set the minimum level even
when T, > T [2]. This presentation will: 1) present some of the experimental evidence
[2] that the paleoclassical model sets the minimum level of radial electron heat transport, 2)
advocate that paleoclassical transport be considered the lowest level of electron transport,
3) discuss possible extensions of the paleoclassical model to density, ion heat and toroidal
momenmtum transport, and 4) highlight areas where additional research is needed.

Specific issues that need to be addressed to validate the paleoclassical model and improve
predictive understanding of tokamak plasma transport include:

1) Explore regimes where paleoclassical radial electron heat transport sets the minimum level
level of transport. A challenge: Can transport less than the paleoclassical level be achieved?

2) Consider micro-turbulence-induced transport to be only that in excess of paleoclassical.
Plot paleoclassical xP¢ on power balance x. graphs to show degree of “anomalous” transport.

3) Explore other plasma transport apparently induced by axisymmetric paleoclassical pro-
cesses: density [DP¢ ~ D, = 0/, ion heat [x;* ~ (3/2)D,] and toroidal momentum
[xb¢ ~ Dy] diffusion, all with pinch effects.

4) Develop algorithm for predictive transport modeling that takes account of different form of
paleoclassical electron heat transport operator: —(V-qb¢) = (1/V")(9?/9p*)[V'D,(3/2)n.1.].
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