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Abstract: To sustain fusion operation it is necessary to maintain steady-state plasma confinement.
Unfortunately, it is challenging to attain ideal magnetic confinement due to several plasma
instabilities of different space and time scale dynamics. In particular, large scale
magnetohydrodynamics (MHD) instabilities can be detrimental to fusion operation. In the
“outward shifted” (vacuum magnetic axis Raxv > 3.75 m) configuration of the Large Helical Device
(LHD), Japan, super-dense core discharges can be achieved by means of consecutive pellet
injection. However, the increase in beta (ratio of plasma pressure and magnetic pressure) is limited
by a MHD instability that causes the collapse of density and pressure, and flushing outwards of
plasma, in the sub-millisecond time scale. The instability is referred to as core density collapse
(CDC) event. It is essential to understand the characteristics and driving mechanisms of the MHD
instabilities, which can be achieved by means of numerical simulations. The Japan-developed
MIPS code [Todo 2010] is a unique tool to perform three-dimensional non-linear MHD simulations
of plasmas of helical geometry. The MHD model of MIPS code has been extended incorporating
anisotropic heat conductivity; temperature-dependent viscosity, resistivity and parallel heat
conductivity, as well as external sources of particles, momentum and heat with arbitrary
geometries. Using the extended model, simulations of the CDC event observed in the LHD have
been performed. The work reproduced preliminary characteristics of process of occurance of the
CDC event observed experimentally [Ohdachi 2017], i.e., the excitation of ballooning modes MHD
instability which saturates and eventually causes the CDC event. The ballooning modes are
accompanied by a magnetic field stochastization (magnetic field lines do not follow nested surfaces
topology and become chaotic,
potentially ending in the reactor
wall) and subsequent loss of
confinement. In Figure 1) row 2)
plasma is destabilized by high-n
ballooning modes located at the
plasma edge which then, Figure 1)
row 3) saturate and cascade into
low-n modes centered at the core
of the plasma after the non-linear
coupling at the relaxation stage. In
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FIGURE 1: 2D PROFILE EVOLUTION OF A) B, B) pV, C)N, D) T pressure profiles Couaps? after the
CDC event and plasma is flushed

outwards, in agreement with experimental observations. Beyond reproducing experimental
observations, the work demonstrates that the CDC events are primarily driven by ExB convection
rather than diffusive transport due to magnetic field stochastization.
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