
  
  
A laser Thomson scattering system is one of the reliable 
methods for measuring the electron temperature and 
electron density in fusion plasma. Thomson scattering 
diagnostics needs high energy probe lasers to increase the 
probability of the interaction between photons and electrons 
due to the small Thomson cross-section: σts = 6.65 x 10−21 
m2. However, repetition rate of the flash lamp pumped high 
energy laser which produce over 1 J pulse energy in 10 ns 
pulse duration is limited because of the heat generation in 
the optical component in the laser system. 
 The method to increase the repetition rate of the Thomson 
scattering measurement is the multi-laser system. Laser 
pulses emitted from several number of laser amplifiers are 
combined by beam combiner in multi-laser system. In this 
case, we can increase the repetition rate of Thomson 
scattering system as the number of the laser system. The 
problem of this system is thermo-optic effects in the beam 
combiner. Electro-optic and Magneto-optic effects based on 
polarization switching co-axial beam combiners are 
proposed in previous studies (1-3). Those beam combiner 
show the large thermo-optic effects at the high repetition 
rate operation due to the heat generation in the optical 
medium. 
 In this study, we propose the TGG ceramics based Faraday 
rotator for the beam combiner of the Thomson scattering 
system. 
 TGG ceramic material is the recently developed 
transparent ceramics which have large magneto-optic 
coefficient. Also this material have the good thermal 
properties supporting the high average power laser operation. 
Thirdly, large size TGG ceramics can be fabricated by 
recent ceramics technology. Those three factors are suitable 
for the high average power beam combiner. 
 In this report, we show the characteristics of the thermally 
induced depolarization (a kind of the magneto-optic effect) 
in TGG ceramics based Faraday rotator. Suppression of the 
thermally induced depolarization is the most important issue 
for this type of beam combiner. 
 Figure 1 shows the experimental set up for the 
measurement of the thermally induced depolarization in 
TGG ceramics based Faraday rotator. We used the cw fiber 
laser with a linearly polarized power of up to 300 W as a 
radiation source. The beam diameter at the TGG ceramic 
rod and the wavelength of the laser are 2.4 mm and 1076 nm, 
respectively. A calcite wedge and Glan prism were set in the 
crossed-Nicols arrangement. Fused silica wedges were used 
to attenuate the laser radiation into the Glan prism polarizer. 
The intensity distribution of depolarized and polarized 

radiation transmitted through the second polarizer was 
measured by the CCD camera.  

Figure 2 shows the experimental results (circles) of the 
depolarization ratio as a function of the laser power in TGG 
ceramics with magnetic field. From this result 
depolarization ratio is proportional to power square of the 
laser power (solid curve). The maximum depolarization 
ratio with magnetic field for 45 degree Faraday rotation was 
5.48 10-4 at input laser power of 257 W. This means that 
the extinction ratio of 33 dB under 257 W laser power 
radiations was demonstrated. 
 In LHD, we use the 1.6 J x 30 Hz laser. The average power 
is 48 W. By using TGG ceramics based beam combiner, we 
can combine five 1.6 J x 30 Hz lasers coaxially. 

 
Fig. 1. A schematic diagram of the experimental set-up 
for the thermal birefringence measurement in TGG 
ceramics based Faraday rotator 4).   

 
Fig. 2. Experimental results of depolarization ratios as 
a function of the laser power4). 
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The line averaged electron density along the central line of 
sight in the elongated cross section is convenient for data 
analyses and fueling control because the measurement does 
not affected by the Shafranov shift. LHD is equipped with 
the millimeter-wave interferometer and it provide the line 
averaged density with a high density resolution even in the 
case of low density plasma. On the other hand, it sometimes 
suffers from fringe jump errors in high density range. 
Although additional interferometer with a short wavelength 
laser, which can reduce the risk of fringe jump errors, with a 
horizontal line of sight is preferable, instllation of a 
vibration isolation system is not realistic. Hence, we 
installed a CO2 laser dispersion interferometer in 2012. A 
good density resolution of 4�1017 m-3 has been obtained [1]. 

As for temporal resolution, we evaluated it with a 
atmospheric pressure plasmas. When the voltage is applied 
to the plasma source, it had already proven that a plasma is 
produced with a time constant of several μs. On the other 
hand, it is found that there is a response delay of 80 μs and 
the response time constant is about 100 μs as shown in Fig. 
1. These temporal responses are expected to be determined 
by lock-in amplifiers, which are used for detection of 
amplitudes of modulation components. Althogh these 
responses are acceptable on present LHD, imporovement is 
preferable. Digital data processing without the lock-in 
amplifiers are one of ideas. 

As shown in Fig. 2, there is no fringe jump error in the 
dispersion interferometer when data sampling time is 
enough shorter than time scale of a density rise of 2π. A 
sampling frequency of 100 kHz seems to be enough for 
LHD. In this way, it is confirmed that the dispersion 
interferometer is reliable in the high density region, where a 
FIR laser interferometer suffers from the fringe jump errors. 

Even so, fringe jump errors are observed at impurity 
pellets injected discharges as shown in Fig. 3. As for the 
speed of density change, that due to impurity pellet is 
smaller by 1/10 than ice pellets. Hence, fringe jump errors at 
the impurity pellet is not caused by slow response time of 
the dispersion interferometer. The impurity pellet injector 
locats at the same equatorial port and the minimum distance 
between the line of sight of the dispersion interferometer 
and a trajectory of impurity pellet is about 10 cm. Hence, it 
is possible that the high density ablation cloud perturbates 
the wavefront of the dispersion interferometer. The the 
dispersion interferomter should be located far from a pellet 
injector, or use of short wavelength which can reduce the 
phase shift smaller than 1 fringe to be free from the fringe 
jump errors. 

1) T. Akiyama et. al., Rev Sci Instrum. 85, 11D301 (2014). 

Fig. 1: A Temporal behaviour of the CO2 laser dispersion 
interferometer. 

Fig. 2: Measurement results of the FIRlaser interferometer 

and the dispersion interferometer of a pellet injected 

discharge.  

Fig. 3: Measurement results of (a) ice pellets and (b) impurity 
pellets injected plasmas. 
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