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Dynamical growth of ballooning modes with high poloidal(m) /toroidal(n) Fourier 

coefficients (higher m/n modes) in the Large Helical Device (LHD) is studied by means 

of full 3D nonlinear simulations. Influences of higher modes on low modes are studied 

numerically. 

In the LHD experiments[1,2], some MHD activities are observed but the activities do 

not bring about serious deteriorations of plasma profiles and high beta-values have 

been achieved. For the sake of understanding the mild saturation of the instability, 

some numerical simulations have been carried out. However, the earlier works focus on 

low modes and dynamical behaviors of high modes are not understood well. 

In order to understand the dynamical evolution of the pressure-driven high-modes and 

clarify their influences on growth of low-modes, full-3D simulations of high Reynolds 

number LHD plasma are carried out for the magnetic field with the vacuum magnetic axis 

position 3.6m, the peak beta value 3.7%, and the reference Reynolds number Re=106. (See 

also Ref.[3]). In the simulations, the growth of ballooning modes up to n=15 toroidal 

wave-number is identified. The simultaneous growth of multiple ballooning modes brings 

about total modification of the pressure profile, showing that the pressure-flattening 

mechanism can not suppress the growth of the modes. On the other hand, a mild saturation 

of the unstable mode is obtained in another simulation with the relatively large 

parallel heat conduction, suggesting that the mild saturations might be rather 

contributed by the dissipative effects (typically by the parallel heat conduction) than 

the nonlinear mechanism such as the modifications of the pressure profiles. We also 

find that the wave-length of the n=15 ballooning mode is comparable to the ion skin-depth, 

suggesting the necessity of studying the high modes in the framework of the Hall-MHD 

dynamics. Studying the dynamics of the LHD plasmas by the use of the Hall-MHD or some 

sort of the two-fluid system is considered. 
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