
The coupling between the transport and magnetic
topology is an important issue because the structure
of magnetic island, embedded in a toroidal equilibrium
field, depends on the nature of the transport at the edge
of the island. Measurements of modulated heat pulse
propagation in the DIII-D tokamak have revealed the
existence of self-regulated oscillations in the radial en-
ergy transport into magnetic islands that are indicative
of bifurcations in the island structure and transport near
the q=2 surface. Large amplitude heat pulses are seen in
one state followed by small amplitude pulses later in the
discharge resulting in a repeating cycle of island states.
These two states are interpreted as a bifurcation of mag-
netic island with high and low heat pulse accessibility.
This report describes the discovery of a bifurcation in
the coupled dynamics between transport and topology
of magnetic islands in tokamak plasmas1) .

The electron temperature measured with ECE
shows a clear 50Hz modulation with the amplitude of
5–10 eV associated with the ECH pulse. An important
finding is that the modulation amplitude oscillates with a
frequency of 5Hz, although the ECH modulation and the
phase of the C-coil is constant. The modulation envelope
is evaluated from the amplitude of fundamental compo-
nent (50Hz) of the ECE signal in running FFT analysis.
There are two states of modulation amplitude: one is
with large modulation amplitude and the other is small
modulation amplitude. The former corresponds to the
magnetic island with high heat pulse accessibility and the
later corresponds to the magnetic island with low heat
pulse accessibility. The relative modulation amplitude is
2-3% in the magnetic island with high accessibility, while
it is less than 1% in the magnetic island with low acces-
sibility. Two states of magnetic island (high and low
heat pulse accessibility) are clearly observed both in the
temperature at the magnetic island and magnetic field
B(200◦)−B(307◦) measured with two probes located at
the low field side for the C-coil toroidal phase of 185◦.

Figure 1(a) shows the contour of relative modula-
tion amplitude of electron temperature in space and time
during the transition from high accessibility (τ < 0) to
low accessibility (τ > 0) magnetic island and figure 1(b)
shows the back transition from low accessibility to the
high accessibility magnetic island at O-point. Here, the
timing of the conditional averaging is the zero crossing
of the δTe/Te − δTe/Te with negative slope for forward
transition and with positive slope for backward transi-
tion. The region of the low relative modulation ampli-
tude indicates the region with nested magnetic flux sur-
faces. Therefore, the magnetic island phase with a high

heat pulse accessibility is interpreted as highly accessibil-
ity with a large edge accessible layer and a small region
of nested flux surfaces inside the island. Two states of
the heat transport across a magnetic island can be ex-
plained by the hypothesis that turbulence spreading can
occur in the island. This could trigger a self-regulated
feedback oscillation of the island dynamics that is qual-
itatively consistent with the experimental observations.
In one state the turbulence does not penetrate into the
magnetic island, and the other the turbulence penetrates
into magnetic island due to the process of turbulence
tunneling.
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Fig. 1: Contour of relative modulation amplitude of
electron temperature in space and time during the (a)
forward transition (from high accessibility to low accessi-
bility magnetic island) and (b) backward transition (from
low accessibility to high accessibility magnetic island) at
O-point.

1) K.Ida, et. al., Sci. Rep. 5 (2015) 16165.

The central beta of the super-dense-core (SDC) 
plasma in the Large Helical Device (LHD) is limited by a 
large scale MHD event called “core density collapse”
(CDC). The detailed measurement reveals that a new type of 
ballooning mode, quite localized in space and destabilized 
from the 3D nature of Heliotron devices, is the cause of the 
CDC. It is the first observation that the ballooning mode is 
excited where the global magnetic shear is negative. 
Avoidance of the excitation of this mode is a key to expand 
the operational limit of the LHD.

High-density operation is one possible reactor
scenario of helical confinement system. In the SDC type 
discharges 1), the electron density higher than 1021 m-3 with 
toroidal magnetic field Bt = 2.5 T is achieved. However, the 
central pressure or the central beta of SDC plasma is 
strongly limited by the CDC 2). The ballooning instabilities 
related with the 3D nature of helical systems, referred to 
high-n ballooning mode 3), is considered to be the cause of 
collapse. The stability of the ballooning mode is determined 
by the local magnetic shear and the local magnetic curvature.
In the Heliotron devices, it was predicted that the local 
magnetic shear can be reduced significantly around the local 
pressure gradient peak in the global negative magnetic shear 
region when the Shafranov-shift is large 3). The ballooning 
mode is driven by the pressure gradient in the bad curvature 
region when the local shear is reduced.

In the experiments, just before the CDC events, 
pre-cursor oscillations at around 8 kHz measured by the 80-
ch CO2 laser imaging interferometer have been found only 
in the outboard side (Fig.1 (B)). If the mode structure of the 
pre-cursor is localized around a flux tube (See, 3D image of 
Fig.1 (C)) connected to the outboard side of the horizontally
elongated section (worst curvature region), two sharp peaks 
observed in the fluctuation profile shown in Fig. 1 (B) can 
be understood; two peaks correspond to mode structure 
observation at two location marked by closed white circles 
P1 and P2. A newly developed 2D SX detector array 
observing the bad curvature region shows that this pre-
cursor like movement is aligned to the local magnetic field 
line (shown by grey pixels in Fig. 1 (C)). This observation 
also supports that the mode structure is quite localized to the 
local magnetic field line. Since the amplitude of the pre-
cursors increase towards the collapse events, it is reasonable 
that high-n ballooning mode localized both in radially and 
poloidally triggers the CDC. It is an open issue why the 
radially localized mode triggers the global collapse events. 
From non-linear MHD simulations of the CDC, it is 
suggested that the evolution of the mode enhances the 
stochasticity of the magnetic field and may enhance the heat 
transport, as well.

In order to avoid the CDC for achieving higher 
central beta, control of the ballooning mode by the reduction 
of the pressure gradient at the bad curvature region is 
experimentally performed.. In the relatively low magnetic 
field experiment (Bt = 1.5T), the pressure profile is broader 
than the profile with normal magnetic field Bt = 2.5T (Fig. 2 
(B)). It is consistent with the smaller growth rate predicted 
by Hn-Bal code with the smaller beta gradient. The 
operational boundary observed in the 2.5T can be passed 
over and the central beta has reached about 10% with Bt =
1.5T and Rax0 = 3.75m. It is the highest central beta achieved 
in the LHD and is comparable to the maximum central beta 
recorded in Bt = 0.45T experiments. 

Fig. 1. Sightlines of CO2 laser imaging interferometer (A), 
the line-integrated fluctuation profile in the pre-cursor phase 
(B), and hypothetical mode strucure drawn on the surface of 
the 3D image of LHD plasma ( ~0.8) together with the 2D 
profile of the change in the SX emission just before the 
CDC (C) measured by 2D (6chx8ch) SX array. 

Fig. 2. (A) The central beta as a function of the magnetic 
axis location is shown with different vacuum magnetic axis 
location Rax0. Bt = 2.5T for Rax0 = 3.8-4.0m and Bt = 1.5T for 
Rax0 = 3.75m. Triangle symbols indicate the appearance of 
the CDC. (B) Beta profile just before the CDC and without 
CDC are shown. 
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