
  
 

The relationship between MHD mode rotation and 
the plasma flow has been investigated on Large Helical 
Device (LHD). Understanding of characteristics of MHD 
modes is one of a key issue for its control, which is 
required to produce high beta plasma. In the heliotron 
configuration without net current, an interchange mode is 
one of key instabilities because of magnetic hill formation 
and the onset and parameter dependence of the mode have 
been investigated in various configurations.1)

The electron density scan experiment was performed 
in order to widely change the radial electric field and 
poloidal flow. The experimental parameters were set as 
follows: toroidal magnetic field B

 Especially, 
the modes excited in the periphery are dominantly observed 
when the beta increases and/or L/H transition occurs. 
Several modes are excited in the stochastic layer and the 
previous studies suggest that they are key instabilities for 
degradation of high beta plasma and/or the formation of the 
edge transport barrier. Here it is focused on the rotation 
frequencies of observed MHD modes in currentless helical 
plasma. It is widely known in tokamaks that MHD mode 
rotation is a key for maintaining the “stable” plasma state. 
In the case of tearing mode, reduction of the plasma flow 
induces the mode locking, leading the disruption finally. 
Also, since the resistive wall mode, which limits the 
achieved beta, is destabilized by insufficient plasma flow, 
an external momentum input is required to maintain high-
beta plasma. In the helical plasmas, no major disruption 
occurs, whereas the interchange modes sometimes affect 
the plasma profile around the resonances.  The effect of 
the plasma flow on the interchange instability should be 
clarified to improve the plasma performance.   

t = -1.75 T and magnetic 
axis Rax = 3.60 m. The port-though power of NBI is 
constant. The averaged beta value is about 1.5 %. Figure 1 
shows changes of rotation frequencies of m/n = 1/1, 3/4 and 
2/3 modes (ωMHD), poloidal flow (ωθ), toroidal flow (ωφ) 
and electron diamagnetic frequency (ωe

*) as a function of 
electron density. The ωθ, ωφ and ωe

*

The equilibrium calculation shows that resonances of 
m/n = 1/1 and 3/4 modes are located in the periphery but 
inside the last closed flux surface (LCFS) and m/n = 2/3 
resonance is just outside the LCFS, that is, stochastic layer. 
These modes rotate in the electron diamagnetic direction 
with several kHz in the laboratory frame and the 
frequencies gradually decrease with the density. Toroidal 
flow is almost zero at any resonance, which is quite 
different from tokamaks.  

 were on each resonant 
surface. The positive sign corresponds to the ion 
diamagnetic direction. 

Experimental results suggest that any “pure” MHD 
frequency in the plasma frame is quantitatively consistent 
with the electron diamagnetic drift frequency within the 
measurement error. This means that the observed modes 
freeze the electron fluid as well as tearing mode.2) In this 
experiments, there is no significant difference between 
MHD modes inside/outside the LCFS. In the high beta 
plasmas with more than 3 %, the modes where the 
resonance is clearly located at the core of stochastic layer, 
such as m/n = 1/2, 2/5 and so on, have been dominantly 
observed.3)

 

 The further experiments are expected to clarify 
the characteristics of the stochastic modes. 
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Fig. 1. Changes of rotation frequencies of poloidal 

plasma flow(ωθ), toroidal plasma flow (ωφ),  
(a) m/n=1/1, (b)3/4, (c)2/3 modes (ωMHD) and 
electron diamagnetic frequeincy (ωe

*) as a 
function of electron density. The positive sign 
corresponds to the ion diamagnetic direction. 

  
  

In LHD, resistive/ideal interchange modes are 
unstable due to the existence of a magnetic hill in the 
peripheral region in the high beta plasma [1]. Spatial 
structures of the interchange modes are studied by a 
tangentially viewing 2D imaging system in order to 
understand the mechanism of the enhanced transport by the 
MHD instabilities. 

A high speed vacuum ultraviolet (VUV) telescope 
system has been developed to investigate the edge MHD 
activities in the Large Helical Device (LHD) [2]. This 
diagnostic has been transferred from the perpendicular port 
(10-O) to the tangential port (6T) in 2010. A Zr filter, 
which can cut off the visible and low energy VUV photons, 
has been installed in front of the MCP. The framing rate of 
the camera can be up to 10k frames per second in 128×128 
pixels. However, the frame rate of the camera is limited 
below 2k frames/s so far, because the total amount of the 
photon which enters the camera is small. The spatial 
resolution of this telescope system is about 2.5 cm and its 
focal length is about 7 m. The viewing filed of the camera 
at 6T port is shown in Fig. 1. 

MHD activities with low frequency (750 Hz) are 
triggered with the decrease of the heating power due to the 
breaking of the NBI. This activity is caught by the VUV 
camera system (Fig. 2). The line integrated density, the 
impurity emission of CIV and CVI increase together with 
the edge fluctuation is excited. Tangential images with 
MHD activity are decomposed by the SVD method; the 
first three spatial components (U0~U2) are shown in Fig. 3. 
The static component (U0) are similar with a simulated 
image with a profile peaked both in the center and the edge 
region; the emission region is suitable for the detection of 
the m/n =1/1 modes. Two oscillating image (U1 and U2) 

are compared with the image having a mode structure 
localized at the 1/q = 1 rational surface. When the 
parameters, e.g., the location, the width and the phase of the 
modes, are optimized, the measured image is quite similar 
to the simulated image. Spatial structure of the edge MHD 
mode is thus directly measured with this system. 

We will investigate the deformation of the edge 
MHD mode by the externally applied magnetic field. Also, 
in order to study the fluctuations with a higher frequency, 
upgrade of the telescope system having larger mirrors is 
being prepared. 
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Fig. 1 Dashed lines indicate the viewing field of the 
tangentially viewing VUV telescope system. 

 
Fig. 3 Comparison between simulated images and 
experimental images 

 
Fig. 2 Time evolutions of the plasma parameter and the 
impurity emission. Large amplitude fluctuations are 
observed by the VUV camera  
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