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Geodesic acoustic mode(GAM) is a branch of zonal 
flow in toroidal plasmas, and driven by not only 
turbulence but also energetic particles (EPs)[1]. The 
GAM can also affect transport of EPs, as shown in DIII-
D[2], where large neutron emission drops following EP 
driven GAM (EGAM) bursts suggest losses of EPs. In 
addition, EGAMs might provide a new channel of energy 
transfer from energetic fusion products to the thermal 
plasmas [3,4], or might couple with turbulence and 
significantly degrade confinement of bulk plasma [5]. 
Therefore, investigation of the EGAM is necessary to 
understand transport of both thermal plasma and EPs. 

In LHD, an EP driven mode with the toroidal mode 
number (n) of 0 has been observed[6]. The spatial 
structure of the electric potential fluctuation and the 
density fluctuation measured by a heavy ion beam probe 
(HIBP) are consistent with the spatial structures of the 
GAM: m = 0 for the electrostatic potential fluctuation 
and m = 1 for the density fluctuation, where m is the 
poloidal mode number. The observed frequency and its 
temperature dependence agrees with the EGAM 
frequency calculated with the observed velocity 
distribution function [3, 6, 7]. Because the measured 
spatial structures and the frequencies agree with the 
dispersion relation of the EGAM, the observed n = 0 
mode is identified as an EGAM.  

Recently, up-down asymmetry of the density 
fluctuation associated with the EGAM has been 
observed[8]. A possible explanation of the asymmetry is 
provided by a recently proposed theory[9], in which the 
poloidal asymmetry is caused by resonance between the 
EGAM and the magnetic drift of EPs. According to the 
theory, the observed asymmetry contributes to bulk ion 
heating through the ion Landau damping of the EGAM, 
and the mechanism may explain the observed response 
of the energy spectrum of the bulk ions to the EGAM[3]. 

Usually, the frequency of the EGAM increases with a 
time scale of 10 ms. When the frequency reaches twice 
the ordinary GAM frequency, another GAM is abruptly 
excited with the time scale of 1 ms or less[10]. The 
amplitude of the abruptly excited GAM is a few times 
larger than that of the EGAM. The phase relation 
between the GAM and the EGAM shows a common 
tendency in any events. In addition, large amplitude of 
the EGAM is necessary for the abrupt GAM excitation, 
and there is a threshold in the amplitude of the EGAM. 
These results indicate that the abrupt GAM excitation is 
closely related to the EGAM. On the other hand, the 
amplitude relation between the GAM and the EGAM 

does not satisfy the Manley-Rowe relation, and the result 
suggests that the abrupt GAM is not excited by a simple 
parametric coupling.  

The observed features of the abrupt GAM cannot be 
explained by well-known driving mechanisms of the 
GAM, such as nonlinear coupling of turbulence and the 
inverse Landau damping of EPs. According to a 
theory[11-13], the abrupt excitation of the GAM can be 
interpreted as a subcritical instability of the GAM driven 
by the EGAM and the EPs. One of the important features 
of subcritical instabilities is that the instabilities are 
driven when the initial perturbation exceeds a threshold. 
The observed threshold in the amplitude of the EGAM 
may correspond to the threshold in the driving source 
which gives initial perturbation.  

Since a subcritical instability is one of working 
hypotheses of the onset of abrupt phenomena such as the 
sawtooth oscillation and the disruption in torus plasmas 
and the solar flare, this study would show an 
experimental path to explore the abrupt phenomena.  
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