
Formation of the edge transport barrier is the key to 
achieve high confinement plasma in Tokamak plasmas. H-
mode transition in the Large Helical Device (LHD) was also 
realized in relatively low beta condition, beta up to 2.5%, 
with the vacuum magnetic location Rax = 3.6m~3.9m 1). In 
the last experimental campaign, operational regime in more 
inward shifted configurations, e.g., Rax = 3.56m and gamma 
= 1.254, is investigated, H-mode transition with higher beta 
= 3.0% (1T) ~3.5% (0.75T) was clearly observed in this 
regime and this transition is necessary to achieve plasmas 
with good confinement. With the transition, the rapid 
increase in the electron density is observed in the very 
peripheral region. That region is definitely outside the 
plasma boundary or the last closed flux surface of the 
vacuum magnetic field. After the transition, strong ELM-
like edge MHD instabilities localized in the magnetic 
stochastic layer are activated from the increase of the 
pressure gradient, as shown in Fig. 1.  The increase of the 
stored energy is limited by this excitation of the edge MHD 
instabilities. Coherence between the magnetic fluctuations 
( m/n = 3/4 (~6kHz), 2/3 (~4kHz), 1/2 (~2kHz) ) and the 
fluctuating component of the ion saturation currents 
measured at the divertor plate also suggests that the ELM-
like activities are responsible for enhancing the transport in 
the peripheral region. Application of the m/n = 1/1 RMP 
field is performed for controlling the ELM-like activities. In 
the low beta experiments, it was found to be quite effective 
to the bursting instabilities observed in the magnetic 
stochastic region2). While the interval between the burst 
becomes longer, the peak value of the each burst is reduced.  
These two effects reduce the averaged amplitude of the 
MHD activities localized in the magnetic stochastic layer. 
However, in the high-beta H-mode plasma cases, this effect 
on the amplitude of the MHD activities is not clearly seen.
A reduction of the fluctuating component of the particle flux 
onto the divertor is observed (fig. 2). When the applied 
RMP field is large so that m/n = 1/1 island is formed, the H-
mode cannot be achieved. Detailed change in the magnetic 
instabilities will be investigated further.
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Fig. 1: Poincare map of the magnetic field estimated by 
HINT2 and the fluctuation amplitude of the m/n = 1/2 MHD
instabilities measured by the CO2 laser imaging 
interferometer.

Fig. 2 Change of the averaged beta, fluctuating component 
of the ion saturation current measured on the divertor and 
the m/n = 1/2 mode amplitude.

  
  

The fundamental physics understanding of 
magnetohydrodynamic (MHD) stability behavior is 
important in the toroidal magnetic confinement devices. In 
the Large Helical Device (LHD), various MHD activities 
have been reported1, 2). For example, the interchange mode 
is appeared in the weak magnetic shear configuration. 
Furthermore, when the plasma current of the opposite 
direction to the toroidal magnetic field is induced by NB 
injection, the electron temperature fluctuations are appeared 
in the core region by injection of supersonic gas pu ng 
(SSGP) and the tearing-like mode structure is measured by 
electron cyclotron emission (ECE) diagnostics like Fig.13). 
It is suggested that the fluctuation is caused by m/n= 2/1 
tearing mode. However, in the calculation for stability 
analysis, it is found that the tearing mode becomes unstable 
if the plasma current is higher than above experiment. In 
this study, we investigate the relation between current 
profile and linear growth rate at appearance of electron 
temperature fluctuation by using MHD equations described 
in cylindrical coordinates. 

Figure 1 shows the temporal evolution of the electorn 
temperature measured by ECE diagnostics with SSGP 
injection. The injection time of SSGP is t = 2.8 sec and the 
electron temperature fluctuation is observed after at t = 2.85 
sec. In order to calculate the growth rate of m/n= 2/1 mode, 
we use the electron density and temperature profile 
measured by Thomson scattering system at t = 2.866 sec and 
the rotational transform profile /2 evaluated by VMEC 
code4) without plasma current. The current density profile is 
used by following equation, 
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where j0 and jv are current density at the center and vacuum 
region and p is peaking factor of current profile. Figure 2 
shows the growth rate of the first and second eigenfunction. 
The first and second eigenfunction correspond to the largest 
and second largest growth rates. From Fig.2, the growth rate 
is decreased with the increasing of peaking factor p because 
the magnetic shear around the resonant surface becomes 
large. The perturbed component profiles of stream function 
of first and second eigenfunction around /2 resonant 
surface is shown in Fig. 3. The profile of first eigenfunction 
has even structure and the second eigenfunction has odd 
structure. It was reported that the magnetic island is formed 
at resonant surface when the perturbed steam function has 
odd structure5). Therefore, it is considered that the electron 
temperature fluctuation is caused by the second 
eigenfunction. 

 
           

  
  
 
  
  
  
  
  
  
  
  
  

Fig. 1. Temporal evolution of electron temperature 
around SSGP injection time in #94655. 
 

  
 
  
  
  
  
   
 
 
 
 
 
  
  

Fig. 2. Relation between current density profile and 
linear growth rates of first and second eigenfunction at 
t = 2.866 sec in # 94655.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Perturbation profiles of stream function  of 
first and second eigenfunction at p = 2. 
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