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The influence of rational magnetic surfaces on the formation of transport barriers in helical systems
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Experimental and theoretical investigations of plasma turbulence and transport in toroidal magnetic traps have shown the definitive role of radial distributions of magnetic configuration parameters and radial electric field, Er, in the formation of transport barriers in toroidal plasmas. It was noted that the radial distribution of Er determines as by properties of magnetic configurations as by methods of plasma production and heating.

There are mary publications with indications that the formation of internal transport barriers (ITB) in toroidal devices could take place in the vicinity of low order rational surfaces. In particular in JT-60 U pellet injection discharge, the ITB appeared at the q=1 surface [1]. In JET OS discharges the ITB is formed when the q=2 surface appeared in the core [2]. In TFTR type IIERS discharge, the ITB appeared when qmin, is close to 2 [3]. The RTP group reported the electron temperature profile with multiple discontinuity across rational layers of the q [4].

The formation of transport barriers in the vicinity of rational surfaces was observed in systems with helical symmetry. The ITB in ctr-beam heated discharges with additional core ECR heating in the LHD appeared near rational surface t= 1/2 [5]. The increase of sheared ExB flow linked to the 8/5 rational surface was found in ECRH plasma in the TJ-II [6]. It is necessary to note that edge transport barrier was observed for the first time in the W7-AS in the vicinity of t= ½ [7].

The clarification of the role of rational surfaces in the generation of sheared ExB flows is very complicated in this situation (different power deposition profiles, profiles and values of magnetic shear, regions of localization of rational surfaces).

As is known, in a three-dimensional inhomogeneous toroidal magnetic field instead of a separatix which separated the island rational surface from adjacent non-island surfaces a stochastic layer of magnetic field lines is formed.

The presupposition was made that radial electric field profile, Er(r), om the width of stochastic layer near RS will be have sharp change in the case of collisionless longitudinal motion of electrons in the layer. The presence of essential dEr/dr in this layer can provide the increase of sheared ExB flows and suppression of turbulence by shear decorrelation mechanisms. The justice of this presupposition is discussed on the basis of experiments on the U-3M torsatron.
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