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PROGRESS REPORT FOR DOE CONTRACT DE-FG03-88ER53275

During FY 95, research supported by DOE Grant No. DE-

FG03-88ER53275, has focused on confinement enhancement by

reversed shear, core transport physics, L —> H transition

theory, and the general theory of plasma dynamics. Specific

accomplishments are discussed below.

i.) Confinement Enhancement with Reversed Shear

Significant progress has been made in understanding the

structure and dynamics of core transport barriers with

reversed shear. A simple dynamical model (P.H. Diamond, et.

al., submitted to Phys. Rev. Lett., 1996; P.H. Diamond, et.

al., IAEA 1996), which explains most of the observed

phenomenology of ERS and NCS discharges, has been developed.

Electric field shear, as well as magnetic shear, plays a

crucial role, and several testable .predictions (i.e. power

thresholds) are currently under investigation. A more

fundamental study of barrier dynamics has been completed

(V.B. Lebedev, P.H. Diamond, submitted to Phys. Plasmas,

1996), which answers basic questions pertaining to barrier

stationarity and propagation rate. A particularly

interesting result of this work is a generalization of the

Maxwell construction, familiar from phase transition and

dynamical system theory, to the problem of transport barrier

dynamics.



ii.) Core Transport

Significant progress on the application of self-

organized criticality theory to core transport physics has

been made. Specifically, cellular automata calculations

(D.E. Newman, et. al., Phys. Lett., in press, 1996) have

verified the predictions of basic analysis (.P.H. Diamond,

T.S. Hahm, Phys. Plasmas, 1995) concerning avalanche-induced

diffusivity scaling, with and without shear flows. The basic

theory has also been extended by development of an exactly

solvable Markov chain model (M. Medvedev, et. al., Phys.

Plasmas, 1996, in press) . This model has been used to

explore deposition profile optimization. Finally, a

realization of a SOC in a relevant system, namely resistive

interchange turbulence (B.A. Carreras, et. al. , Phys.

Plasmas, 1996, in press) has been extensively studied. This

has yielded important insights into the nature of

"avalanches" in confined plasma systems.

Other topics of research in core physics include pinch

theory. The theory of inward pinch developed earlier was

extended to address heat transport and anomalous electron -

ion coupling (M.B. Isichenko, et. al., Phys. Plasmas, 1996).

iii.)L—» H Transition Physics

The basic model of the L —> H transition developed by

the UCSD group and collaborators has been extended to include



neutral friction and pressure effects, as well as a more

complete model of plasma rotation (B.A. Carreras, et. al. ,

Phys. Plasmas, in press, 1996). The fluctuation and flow

evolutionary traces are in better agreement with experiment,

and power threshold predictions are approaching quantitative

agreement with results from DIII-D. An improved model of

magnetic pumping (V.B. Lebedev, et. al., Phys. Plasmas, 1996)

has been developed, and has revealed the existence of a very

weakly damped, finite frequency macroscopic mode. This

suggests that the frequency spectrum of the poloidal flow is

of considerable interest, as well its magnitude. Work is

continuing on an improved version of the basic model, which

will incorporate the developments described above, as well as

parallel flows.

iv.) General Plasma Theory

Significant progress in MHD turbulence has been made.

The nonlinear theory of mean-field dynamo has been refined

.(A.V. Gruzinov, P.H. Diamond, Phys. Plasmas, 1996) and the

concepts have been extended to develop a novel theory of

passive scalar transport in 2D MHD (P.H. Diamond, A.V.

Gruzinov; submitted to Phys. Rev. Lett, 1996). In the latter

work, self-consistency constrains were shown to quench cross-

field transport in forced 2D MHD. A rigorous,

renormalization group theory of ID compressible MHD

turbulence has been completed and a paper is in preparation.

This theory addresses the critical question of the assumed
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kinetic-energy-magnetic energy, equipartition. A interesting

result here is that while multiple RNG fixed points exist

only the one with turbulent magnetic Prandtl number unity is

stable. Another interesting result is that Galilean

invariance constrains vertex renormalization in MHD just as

it does in neutral fluids.

Extensive research on nonlinear Alfven wave dynamics has

been completed. A compact, kinetic generalization of the

Derivative Nonlinear Schreedinger Equation (DNLS) has been

developed and applied to the understanding of high [3

compressible MHD turbulence (M. Medvedev, et. al. Phys.

Plasmas, 1996, submitted to Phys. Rev. Lett., 1996).

v.) Future Plans

In the coming year we plan to focus on

a.) the thoery of "assisted" ERS transitions, using RF flow

drive,

b.) a ID model of ELMs,

c.) extending the barrier dynamics model to predict H-mode

pedestal heights,

d. ) understanding the dynamics of avalanches in SOC

realizations in relevant systems.


