
  
  

The magnetohydrodynamic (MHD) stability behavior 
of toroidal magnetic confinement devices is important to 
maintain the steady state discharge. In the Large Helical 
Device (LHD), various MHD phenomena have been 
reported1, 2). For example, the interchange mode of m/n = 
1/1 is observed 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 of m/n= 2/1 is 
measured by electron cyclotron emission (ECE) diagnostics 
like Fig.13). However, in the calculation for MHD stability 
analysis, it is found that the tearing mode becomes unstable 
if the plasma current is higher than above experiment 
condition. In this study, we investigate the linear growth rate 
by using MHD equations described in cylindrical 
coordinates to clarify the appearance condition of electron 
temperature fluctuation. 

Figure 1 shows the temporal evolution of the electron 
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 liner 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). In Fig.2, solid line shows the profile of 
/2 calculated by VMEC and the liner growth late is 

estimated by using /2 profile of dashed line. When 
/2 profile is calculated, the current density profile is 

assumed 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. The 
perturbed component profiles of stream function of first and 
second eigenfunction around /2 resonant surface is 
shown in Fig. 3. We define that the first and second 
eigenfunction correspond to the largest and second largest 
growth rates. 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 by tearing instability 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 
measured by ECE around SSGP injection time in 
#94655. 

  
 
  
  
  
  
   
 
 
 
 
 
  
  

Fig. 2. The rotational transform profile 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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Fig.1  Time evolution of the time derivative of the 
stored energy measured by a diamagnetic 
loop dWdia/dt in an EIC event. 

 
In LHD, large amplitude bursting modes are 

often observed in finite beta plasmas heated by 
perpendicular neutral beam injection (PERP-NBI).  It was 
confirmed that the modes are destabilized by resonant 
interaction between resistive interchange mode (RIC) 
perturbations and helically trapped energetic ions (H-EPs) 
generated by the PERP-NBI, of which initial energy is 
E=35-40 keV and their pitch angle is ~90 [1, 2].  The 
modes were named EIC (Energetic ion driven resistive 
InterChange mode) having an m=1/n=1 radial mode 
structure localized at the rotational transform =1 resonant 
surface, where m and n are poloidal and toroidal mode 
numbers, respectively.  In this collaboration research, the 
impacts of EIC on background plasma confinement and 
also ECH effects on the EIC were studied. 

In our paper [2], the impacts of EIC on the 
background plasma are described in detail.  Here, the 
main results are summarized.  Each EIC burst generates 
negative plasma potential spike up to ~20 keV.  This 
means the generation of large radial electric field of Er~ 
-85 kV/m near the edge where the =1 surface resides.  
The loss rate of the EPs is estimated from the time 
derivative of the radial electric field at the EIC onset.  
Thus estimated loss reaches ~ 15-30 %.  The stored 
energy obtained from the diamagnetic loop Wdia is the sum 
of the kinetic energy of the bulk plasma Wkin and the kinetic 
energy of helically trapped EPs having ~90, ����.  
The time evolution of dWdia/dt is shown in Fig.1.  In this 
figure, an EIC is excited at t=4.478 s and persists for ~3 ms.  
For ~0.4 ms from the onset of EIC, dWdia/dt shows a 
sudden drop of ~0.8 MW.  This drop corresponds to the 
drop of d����/dt and indicates the EP loss induced by EIC.  
The absorbed PERP-NBI power is estimated to be ~3MW, 
so that the EP loss rate is ~30%.  Thus estimated EP loss 
rate agrees well with that estimated from the rapid change 
of Er.  Accordingly, the EIC bursts lead to large loss of 
the helically trapped energetic ions.  On the other hand, 
Figure 1 indicates that the signal dWdia/dt increases rapidly 
by dWdia/dt ~1.9 MW just after the initial drop due to the 
EP losses.  The net increase of dWdia/dt from the value just 
before the EIC onset is ~1.1 MW.  This indicates the 
transient increase in Wkin by the EIC burst, that is, the 
transient improvement of bulk plasma confinement.  The 
improvement is thought to be due to the large Er shear 
generation near the edge by EIC. 

Effects of ECH on EIC were studied in plasmas 
with strong bursting EICs.  When high power on-axis 
ECH was applied, electron temperature Te increases 
noticeably even at the =1 resonant surface near the edge as 
well as the plasma center.  By the on-axis ECH, EICs 
were clearly suppressed [3].  The mechanism of the EIC 
stabilization is under investigation.  Here, we discuss the 

effects of ECH on the confinement of H-EPs.  The Te at 
the =1 surface reaches ~2keV with ne~0.5x1019 m-3.  The 
slowing down time of H-EPs is estimated to be s~0.75 s.  
Since the initial energy of H-EPs is relatively low (E=35 
keV), the pitch angle scattering time is d~0.32 s and 
smaller than s, where the effective charge Zeff=3 is 
assumed.   In the EIC study, the amount of H-EPs can be 
estimated from ����=Wdia-Wkin, because the diamagnetic 
loop detects the stored energy of EPs having ~90, ����.  
Accordingly, ���� can be estimated reliably with 
����=Wdia-Wkin, on the condition of s<<d .  However, 
this estimate is not appropriate for the condition of s/d � 
3 during the ECH phase.  Actually, thus estimated ���� 
remains almost unchanged without the increase 
corresponding to the 3 times increase of s by ECH.  
Instead, the quasi-stationary values of ���� before and 
during ECH are estimated by the following simple model 
equation as, 

�����
��  + ����

���  + ����
�����  = ����.          (1) 

Here, ����� is the loss time determined by the pitch angle 
scattering to the loss cone at ~60 and is approximated as 
����� ~ 0.3��.  The quantity ��� is the energy relaxation 
time and ��� � ��/2 �������� the absorbed power of the 
PERP-NBI.  From eq.(1), ���� in the steady state value 
is expressed as, 
     ����= ��������

��������� ����=
�����

�������/��� ����.      (2) 
The characteristic loss time of H-EPs are �����~0.10s and 
���~0.13 s at the =1 surface just before ECH, and 
�����~0.10s and ���~0.38 s during ECH.  The change rate 
of ���� by ECH is estimated as,  

����[during ECH]/�����[before ECH] ~ 1.4. (3) 
Under the condition of the noticeable increase in the H-EP 
pressure, a possible stabilization mechanism by ECH might 
be associated with the reduced growth rate and/or the 
shrinkage of the eigenfunction of RIC, with the enhanced 
magnetic Reynolds number S.   
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