
 
  

Beam emission spectroscopy (BES) is one of the 
powerful diagnostics to measure local density fluctuation for 
turbulence and transport studies. In the BES, the density 
fluctuation is evaluated from the fluctuation of Doppler-
shifted H-alpha emission (beam emission) by the interaction 
between the neutral beam and the plasma. The BES systems 
have been installed on several toroidal devices with the 
neutral beam lines (PBX-M, DIII-D, CHS, LHD, etc.). Some 
LHD-BES systems (6T-NB#3, 10.5L-NB#1 and 9O-NB#4) 
have been performed to obtained the density fluctuation with 
less than 10 kHz, although the other systems on other devices 
detected the fluctuation with more than several ten kHz1),2). 
One of the reasons of this difference is the spatial resolution 
and the sensitivity which depend on the position and the 
shape of the sample volume (SV) defined by the cross region 
of the line of sight (LOS) and the beam emission area. The 
high spatial resolution of minor radius can be performed by 
aligning the LOS along magnetic flux surface. To detect 
small scaled with high frequency fluctuations across the 
magnetic field lines, the LOS has to be also aligned with 
magnetic field line. It is not easy to supply these demands in 
the LHD because the magnetic field line curvature changes 
along toroidal direction and the accessibility of the LOS to 
the plasma is not high due to complicate vacuum chamber 
and large distance between the plasma and ports.  

A new BES system was designed to detect the high 
frequency fluctuations in the periphery region of core 
plasma3). In this system, the beam emission from the 
tangential neutral beam from 7-T port (BL3) in the plasma 
was viewing from the end of the 6-O port through mirrors 
(Fig. 1). The LOS design was performed in the vacuum 
magnetic configuration. The LOS targets set at the 6.5 
direction of the LHD because not only the magnetic flux 
surfaces are comparably flat but also the magnetic field lines 
are relatively straight (Fig. 2). The LOS goes from upside to 
the mid plane at 6.5 direction with 8 to 10 degree which 
almost correspond to the magnetic field line angle (Fig. 2(b)). 
The angle between the LOS and BL3 is 32 degree. When the 
beam is injected with energy of 188 keV which is maximum 
beam energy, the Doppler shift is 11 nm which is enough far 
to separate the beam emission from the background H-alpha 
emission. The measurement area is limited to r/a = ρ > 0.8 
due to prevent the plasma facing mirror (2nd mirror) from 
touching the core plasma. The spatial resolution and relative 
emission intensity were calculated in following parameter: 
the vacuum magnetic configuration, the magnetic axis of 3.6 
m, plasma density profile n(ρ) defined by n(ρ) = (2 - 1.8 ρ8) 
1019m-3, and electron temperature profile Te(ρ) defined by 
Te(ρ) = (2 - 1.8 ρ2) keV. The diameter of 20 mm of the LOS 
was assumed. The spatial resolution was calculated to be 
approximate 0.03 in normalized minor radius. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 1 The LOS of the new designed BES from the end of 
the 6O port to the NB#3  
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Fig. 2 (a) The LOS and the flux surface at R=3.6m. (b) The 
field line and its angle from the mid plane. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The spatial resolution and relative signal intensity. 
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The heavy ion beam probe (HIBP) is one of a method of 
plasma diagnostics, which can measure the potential profiles 
in plasma. An HIBP system has been installed at the Large 
Helical Device (LHD-HIBP) 1). In recent HIBP diagnostics, 
the current of the heavy ion beam is sufficient for the 
electron density of 1019 m-3

.  Since the attenuation of the 
probe beam is severe in higher density plasma, larger Au+ 
current is necessary. Some studies investigating how to 
increase the current have been done 2, 3). These objectives are 
to increase the negative ion beam current and to improve the 
charge exchange efficiency in the gas cell of the tandem 
accelerator, the beam transport efficiency, and the detection 
efficiency of ejected ions and so on. Especially, the 
experimental study to optimize the gas cell for high charge 
exchange efficiency is not easy using LHD-HIBP because it 
takes much time to change gas species in the gas cell. We 
have studied on the subject using a tandem accelerator at 
Kobe University 3,4). The accelerator has a gas cell, and the 
terminal voltage is up to 1.7 MV. 

The current of the Au ions from the tandem accelerator 
can be measured by a Faraday cup. We try to observe the 
beam profiles. The experimental set up is shown in Fig. 1. 
The glass is set on a side of the Faraday cup. A beam profile 
is observed after the Faraday cup is turned by  axis motor. 
If the beam is focused on a glass, then the luminescence 
reflected by a mirror can be observed by a camera. To 
measure the current by a MCP system, the Faraday cup 
system can be moved out by a z axis motor driven system. 

A luminescence of a beam spot was observed by this 
system. Because the size was mm order, whole ions could be 
detected by the Faraday cup. The gas thickness dependence 
of the Faraday cup current was measured. An example of the 
result is shown in Fig. 2. In this experiments the Faraday cup 
was not biased. The currents included the current of the 
secondary electron emitted from the surface of the Faraday 
cup. The charged particle can be swept out by a magnetic 
field. For this purpose, a bending magnet which select the 
beam course was used. Fig. 3 shows dependence of the 
measured currents on the gas thickness when the ions were 
swept out. The current contained only the current of the 
secondary electron which are emitted by the neutral Au 
incidence. If the secondary emission rate is known as a 
function of incident Au energy and the charge state, charge 

fraction is roughly obtained by this method.  Combining 
this system and a conventional MCP measurement system 
which can move x-y direction, the charge fraction 
dependence on the gas thickness can be measured, and the 
experiments to increase the Au+ currents can be conducted. 

Fig. 1. Experimental set up for Au ion beam measurement.  

Fig. 2. Dependence of the ion / neutral beam current on the 
gas thickness. 

Fig. 3. Dependence of the neutral beam current on the gas 
thickness. 
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