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   In tokamaks with high current density where the safety factor at the magnetic axis (q0) is

less than unity, the m/n=1/1 mode evolves and causes the internal collapse, where m and n are

the poloidal and the toroidal mode numbers, respectively. Because of this inherent properties of

the m=1 mode, the nonlinear development of the mode are still far from fully understanding.

Naitou et. al. performed a nonlinear gyro-kinetic particle simulation of the 1/1 mode in a

cylindrical geometry with an uniform plasma pressure[1]. They showed the collisionless

magnetic reconnection caused by the electron inertia and that the magnetic configuration where

q0 is less than unity can be reconstructed after the full reconnection. A particle-fluid hybrid

model based on nonlinear gyrokinetics is also an example for such an advanced simulation

model.

   In this research, the density gradient effect on the collisionless m = 1 mode has been studied

by extending the nonlinear gyrokinetic simulation model to the nonuniform plasma with a

density gradient [2]. Even when the density gradient is not so large enough to change the

process of the full reconnection, the later process is changed considerably due to the self-

generated radial electric field, i.e. the m/n = 0/0 mode, induced by the nonlinear interaction. The

radial electric field is found to exponentially grow in two stages, i.e. before and after the

saturation of the dominant 1/1 mode, and to reach to the same level as the 1/1 mode. The radial

electric field drives a ExB plasma rotation in the ion diamagnetic direction which violates the

symmetry of the plasma flow associated with the full reconnection. As a result, the current

reconcentration which induces the secondary reconnection is prevented. Therefore, it is a

delicate problem whether the configuration with q<1 is reconstructed. Furthermore, the ExB

rotation rolls in the plasma so that the coherent vortex structure of the density profile is formed.

This shows that the flattening process of the pressure is triggered by this kind of the fine scale

structure. As a summary, the generation of radial electric field which is not included in the

conventional MHD model leads to the complex behavior in the process of the internal collapse.

It should be noted that the radial electric field is observed after the full reconnection in JIPP-TII

tokamak[3].
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