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Precise measurement of a spatial profile of an electric field is important for plasma confinement study. In 
GAMMA 10 tandem mirror, a gold neutral beam probe is used to measure the plasma potential. The 
simultaneous two points measurement of plasma potential was developed to measure the local electric field. 
A new fitting function for the beam profile is suggested to reduce the estimation error. The preliminary 
result of time evolution of electric field is shown. 

 
 
1. Introduction 

Precise measurement of a spatial profile of an 
electric field is important for plasma confinement 
study. In GAMMA 10, the spatial profiles of 
electrostatic potential and electric field have been 
measured by using a gold neutral beam probe 
(GNBP), and the plasma confinement properties 
were studied [1,2]. 

So far, the number of measurement points of 
the GNBP system was one. Namely, an analyzer 
entrance had only one slit. So, the electric field 
was deduced from potentials at two close 
positions in the plasma assuming that the plasma 
were reproducible. To measure the plasma 
potentials at two positions simultaneously, the 
analyzer entrance was improved to have two slits 
[3]. 

In this presentation, the method for estimation 
of the local electric field and the experimental 
results are reported. 

 
2. Experimental set up 

Figure 1 shows a schematic view of the GNBP 
system. The gold neutral beam, which is 
accelerated by the acceleration voltage of 11.8kV 
to 14.2kV, is injected to the plasma. The neutral 
beam ionized in collision with the plasma 
electrons is detected by a micro-channel plate 

(MCP) of the energy analyzer. The MCP has 32 
anodes. The width and length of each anode are 2.4 
and 31mm, respectively. Figure 2 shows a 
schematic view of the energy analyzer. The beams 
through the novel slit and the original one are 
detected in the range from 3ch to 17ch and from 
18ch to 32ch of the MCP detector, respectively. 
The beam with higher energy reaches at an anode of 
the larger channel number. 

 
3. Calibration and experimental results 

Figure 3 shows the detailed beam profile, which 
was measured by changing the electric field in the 
analyzer shot by shot at the calibration experiments. 
The neutral beam was ionized by collisions with the 
neutral gas, since calibration experiments were 
carried out without plasma. 

To estimate the plasma potential, it is necessary 
to estimate a peak position of the beam profile. The 
peak position is estimated by applying a fitting 
function to the beam profile. So far, a quadratic 
curve fitting function was used and then the error 
was about ±25V. Here, we suggest the following 
fitting function to reduce the estimation error.  

 
(1) 
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Fig.1. Schematic view of the GNBP system 
 
 

 
 

Fig.2. Schematic view of the energy analyzer 
 
 

and B are fitting parameters and the parameter B 
corresponds to the anode position of the peak point, 
respectively. The red line is drawn by using the 
equation (1) in Fig.3. The estimation error can be 
reduced to be about ±15V. 

The peak position of Fig.3 corresponds to 0V of 
plasma potential because of no plasma. If there is 
plasma, the peak position shifts according to the 
plasma potential. The difference between peak 
positions without the plasma (i.e. the peak position 
of Fig.3) and that with the plasma corresponds to 
the plasma potential. In order to determine the 
plasma potential, the relation between the anode 
position and the beam energy was obtained by 
changing the acceleration voltage (i.e. the beam 
energy) without the plasma. 

Figure 4 shows time evolution of the local 
electric field deduced from potentials at two 
simultaneous measurement points. Electron 
cyclotron heating at the central cell (C-ECH) and 
ion cyclotron heating (RF3) are applied between 
150ms to 170ms and between 180ms to 230ms, 
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Fig.3. Detailed beam profile and new fitting function 
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Fig.4. Experimental result of the local electric field 
 
 

respectively. 
We will conduct the detailed study about effects 

of plug-ECH and barrier-ECH on the formation of 
electrostatic field and potential fluctuation. 
 
4. Summary 

Simultaneous potential measurement at two 
measurement points in the plasma has been 
developed. In order to estimate more precise plasma 
potential, the detailed beam profiles were obtained 
and then a new fitting function was applied. The 
estimation error was reduced to be ±15V. From the 
calibration results, it is able to estimate local 
electric field deduced from potentials at two 
measurement points. 

As future works, the radial electric field profile 
and the time evolution of local electric field during 
various heating period will be measured. 
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