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The dispersion interferometer is a powerful electron density measurement tool for both the magnetically 
confined fusion plasmas and the high pressure plasmas. It is less affected by the mechanical vibrations and 
changes in the neutral gas density, which cause significant measurement errors. The feasibility is 
demonstrated on LHD and with an atmospheric pressure plasma. 

 
1. Introduction 

An interferometer is a conventional tool to 
measure the electron density of a plasma. It 
measures the phase difference between a probe 
and local lights. The phase difference depends on 
not only the electron density, but also the change 
in the optical path length due to mechanical 
vibrations, and the changes in the neutral gas 
density. Since the phase shifts caused by the three 
terms cannot be distinguished in the conventional 
interferometer, the latter two terms lead to 
measurement errors.  

In the case of the measurement of the 
magnetically confined fusion plasmas, the phase 
shift caused by the neutral gas density can be 
negligible because the neutral gas pressure in a 
vacuum chamber is quite low. Since the main 
error term is the mechanical vibrations, some of 
the interferometer installed on fusion devices are 
equipped with a vibration isolation bench and/or 
an additional interferometer with the same line of 
sight with the different wavelength. By using 
these, the density resolution is improved. 

As for the measurement of the high-pressure 
plasmas, changes in the neutral gas density due to 
the temperature rise during the discharge cause 

the significant error in phase measurement, in 
addition to the mechanical vibrations. Since the 
time constants of vibrations and the gas density 
change are much larger than that of the electron 
density, the density is evaluated at the begging of 
the discharge [1]. 

A “dispersion interferometer” [2,3] measures 
the phase difference originated from dispersion 
between the fundamental and the second 
harmonic light in a medium. While the 
refractivity of a plasma has strong dependence on 
the wavelength, the refractivity of the neutral gas 
has quite small dependence. Hence the phase 
difference caused by the mechanical vibration 
and changes in the neutral gas density is much 
smaller than that by the changes in the electron 
density. Then the dispersion interferometer does 
not affected by the mechanical vibrations and 
changes in the neutral gas density. In this study 
we applied the CO2 laser dispersion 
interferometer to the magnetically confined 
fusion plasma in the Large Helical Device (LHD) 
and the atmospheric pressure plasma.  

 
2. Measurement Principle 

Figure 1 shows the principle of the dispersion 
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interferometer. The probe light is a mixture of the 
fundamental and the second harmonic light. After 
passing through a plasma, the second harmonic 
light is generated again and the interference 
between two second harmonic lights is detected. 
Since the phase shifts caused by the mechanical 
vibration V and N are almost the same between 
two second harmonics, the electron density term 
only remains in the phase of the interference signal, 
which is subtraction between two phases of the two 
second harmonics. In this way, the dispersion 
interferometer is less affected by the mechanical 
vibrations and changes in the neutral gas density. 

One of the problems of the “conventional” 
dispersion interferometer is that the changes in the 
detected intensities (A and B in Fig. 1) lead to the 
measurement errors. This is the same problem as 
that of the homodyne interferometer. Hence the 
phase modulation technique and the new phase 
extraction method are introduced [4]. 

 
3. Measurement results 
3.1. Magnetic-confined plasma 

Figure 2 (a) shows an example of measurement 
results of the LHD plasma with the dispersion 
interferometer. It agrees with the density measured 
with the existing far-infrared laser interferometer. 
The present density resolution is 2×1017 m-3 with a 
time response of about 100 s. This high resolution 
is obtained without any vibration isolation bench. 
The feasibility that the dispersion interferometer is 
insensitive to the mechanical vibrations is 
demonstrated.   
3.2. High-pressure plasma 

Figure 2 (b) shows a measurement result of an 
atmospheric pressure plasma. The discharge is 2-3 
ms and the gradual change after 3 ms is caused by 
the change in the neutral gas density, not the 
electron density. 

  
4. Summary 

The dispersion interferometer is applied to the 
electron density measurement of the magnetically 
confined fusion plasmas and the high pressure 
plasmas. It is demonstrated that the dispersion 
interferometer can significantly reduce the 
measurement errors by the mechanical vibrations 
and the changes in the neutral gas density.  
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Fig. 2: Measurement results of (a) a LHD plasma 
and (b) an atmospheric pressure plasma  

 
 

Fig. 1: Principle of the dispersion interferometer 
 


