
Energetic-particle drive geodesic acoustic 
mode(EGAM)[1] have been observed in LHD[2]. The time 
constant of a growth of an EGAM burst is a few ms, and the 
frequency rapidly increases from the GAM frequency to the 
orbital frequency of fast ions from NBI. The change in the 
energy spectra of fast ions is also observed during the 
excitation of the EGAM by neutral particle analyzer (NPA), 
and it indicates the excitation of the GAM by the fast ions 
through the inverse Landau damping[3], as shown by a 
simulation[4]. In addition to that, the behaviors of energy 
spectra measured by NPA indicate that the bulk ions gain 
energy during the burst of the EGAM. One of the candidate 
mechanisms is the GAM channeling [5], in which the 
energy of the GAM is directly absorbed by ions through the 
Landau damping. In order to clarify the mechanism 
quantitatively, the radial electric field associated with the 
GAM has been measured by HIBP in this study. 

In the previous experiments, the amplitude of the 
electrostatic potential fluctuation associated with the 
EGAM is so large that it exceeded the measurable 
electrostatic potential by HIBP ( ~ 7 kV) when the change 
in the energy of the bulk ions was detected by NPA.
Because the upper limit of the measurable electrostatic 
potential by HIBP is proportional to the probe beam energy,
higher beam energy is required to increase the upper limit 
of the potential measurement. The probe beam energy is 
determined so that the Larmor radius of the probe beam is 
comparable to the size of the vacuum vessel. Thus, lighter
probe ions are required for increasing the beam energy. In 
this campaign, we used Cu- instead of Au- as the probe 
beam. Therefore, the upper limit of the electrostatic 
potential measurement increased up to 23 kV.

The experiments were performed under the condition 
that the magnetic field strength is 1.375 T, the major radius 
and the averaged minor radius of the plasma are 3.75 m and
about 0.6 m, respectively. The plasmas were produced and 
sustained by tangential NBI with the beam energy of 175 
keV, and the absorbed NBI power is about 85 kW. The line
averaged electron density is about 0.1 x 1019 (m-3), and the 
central electron temperature is 2 keV, and it increases to 7 
keV during the superposition of ECH with the power of 760 
kW. Figure 1 shows the temporal evolution of the magnetic 
field fluctuation measured by a Mirnov coil and the 
electrostatic potential fluctuation measured by HIBP. The 
significant electrostatic potential fluctuation associated with 
EGAM is detected, successfully.

Figure 2 shows the relation between the magnetic 
field fluctuation measured by a Mirnov coil and the 
electrostatic potential fluctuation measured by HIBP. The 
linear relation agrees with a theoretical prediction [6]. The 

quantitative assessment of the interaction between EGAM 
and ions based on the results is in progress. 

Fig.1 Temporal evolution of the magnetic field 
fluctuation measured by a Mirnov signal, its spectrogram,
and the electrostatic potential fluctuation measured by the 
HIBP. The measurement position of the HIBP is swept 
with the frequency of 10 Hz, and the gray-colored terms 
indicate the beam is blocked by the vacuum vessel of 
LHD. 

Fig. 2 Relation between the magnetic field fluctuation 
measured by a Mirnov coil and the electrostatic potential 
fluctuation measured by HIBP
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In the confinement physics of magnetically confined 

torus plasma, the structure of radial electric field Er is 
important.  Plasma flow is correlated to Er through E B 
flow, and many theoretical researches show that the shear 
flow can improve the confinement property by reducing the 
turbulence.  Experimental results that support this theory 
were obtained in good confinement mode, such as H-mode 
and internal transport barrier (ITB).  Flow also influences 
appearance/disappearance of islands, so it is important for 
island formation physics.  Two-dimensional measurement 
of Er is very helpful to study those physics, therefore the 
method of 2-D potential measurement with HIBP is 
presented.  

In LHD, the probe beam energy of HIBP is usually 
fixed and the injection/ejection angle to/from plasma is 
changed to obtain the one-dimensional potential profile1).  
If the probe beam energy is changed, we can measure 
another one-dimensional profile of potential with HIBP.  
By changing the probe beam energy, two-dimensional 
potential profile are possible to measure, however, changing 
the probe beam is not easy.  Since the length of beam 
transport line of HIBP in LHD is about 20 m, so when the 
probe beam energy is changed, the beam orbit in the beam 
transport line have to be adjusted.  We have many 
electrostatic deflectors in the beam transport line, and they 
are required to control to adjust the beam position to the 
center of the beam transport chamber.  In order to adjust 
the beam orbit automatically, the automatic beam 
adjustment system is developed.  The simple diagram of 
the system is shown in Fig. 1.  The system consists of PC 
installed ADC board into PCI bus.  The beam positions, 

xi and yi, in the beam transport line are measured by 
beam profile monitors (BPMs) and data are acquired 
through ADC.  Obtained data are analyzed and required 
voltages of deflector to adjust the beam position, Vxi and 

Vyi, are calculated.  The beam positions xi and yi have 
linear dependence on deflector voltages Vxi and Vyi, 
therefore, the relation between these parameters is expressed 
as follows, 
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Here, the transport matrix, Aij, can be calculated from theory, 
but the coefficients obtained from calibration experiments 
are used in the actual optimization.  The required voltage 
to shift the beam position to the center of beam transport 
line can be calculated by using the inverse matrix of Aij, as 

V = A-1 x.  The calculated voltages for power sources of 
deflectors are applied through DAC modules in CAMAC, 
which connected with GPIB controller to PC.  After new 
parameters are applied to deflectors, once more positions of 
probe beam are measured with BPMs and the next 
optimization loop is repeated.  When the distances of beam 
from the axis of the beam transport line become less than 1 
mm, the optimization process stops.  By using the 
automatic beam adjustment system, the required time to 
adjust the beam can be reduced to within 3 minutes, while it 
takes a few ten minutes without this system.   

By applying the automatic beam adjustment system, 
the probe beam energy is changed shot to shot, and two-
dimensional potential profile is measured in LHD.  The 
obtained 2-D profile of equilibrium potential is shown in 
Fig.2.  From 7 similar shots, potential profile is measured 
with different probe beam energy.  In the inner region, 
plasma potential profile is flat, which coincides with the 
electron temperature profile from Thomson scattering 
diagnostics.  In the future, we improve S/N ratio to study 
the effect of 2-D Er structure on islands and fluctuations.  

 
 
  
  
  
  
  
  
  
 
  
  
 

Fig. 1. Simple diagram of automatic beam adjustment 
system is shown. 

  
  
  
  
  
  
  
 
  
  
  
  

Fig. 2. Obtained 2-D potential profile with HIBP from 
7 shots, by changing the probe beam energy 
  

1) Shimizu, A., Ido, T., Nishiura, M. et al.: J. Plasma Fusion 
Res. 5 (2010) S1015. 
 

109

§18. Two-dimensional Potential 
Measurements with HIBP on the LHD

Shimizu, A., Ido, T., Nishiura, M. (Univ. Tokyo),  
Makino, R. (Nogoya Univ.), Kurachi, M. (Nagoya Univ.),  
Yokoyama, M., Takahashi, H., Igami, H., Kubo, S.,  
Shimozuma, T., Kato, S., Yokota, M.




