
  
  

  
  

QUEST is a spherical tokamak device aiming at 
steady state operation sustained by electron Bernstein wave. 
In order to obtain the electron temperature and electron 
density profiles of the QUEST plasmas, an efficient and 
compact Thomson scattering system has been developed1). 
These profiles are necessary to estimate the slowing down 
time of the high energy electrons, which are believed to be 
the carrier of plasma current in QUEST. They are also 
important to reconstruct the equilibrium. Furthermore, the 
electron density profile is necessary to study the RF wave 
propagation, mode conversion, current drive and heating. 

In fiscal year 2013, various types of RF sustained 
plasmas were measured. These are (1) 28 GHz RF power 
sustained limiter configuration (Fig. 1), (2) 8.2 GHz RF 
power sustained inboard field null configuration, (3) 8.2 
GHz RF power sustained divertor configuration, (4) 8.2 
GHz RF power limiter configuration, (4) compact torus 
injection to 8.2 GHz RF power plasma, (5) additional 8.2 
GHz RF pulse injection to 28 GHz RF power sustained 
plasma. Figure 1 shows the electron temperature and the 
density profiles during 28 GHz RF power (200 kW) 
injection. During the period of 2.2 – 2.6 s, a plasma current 
of 25 kA was sustained. These RF sustained plasmas often 
have asymmetric hollow temperature profiles, and shows a 
peak near the inboard EC resonance, while the density 
profiles have the maximum near the center or show flat 
profiles. The typical central electron density for 28 GHz RF 
sustained plasma was less than 2x1018m-3, while that for 8.2 
GHz RF sustained plasma was less than 3 x 1017m-3. These 
values indicate that the density is limited by wave 
accessibility. The inboard field null configuration plasma is 
characterized by a high poloidal beta value (e.g., ~3). On 
the other hand, the poloidal beta value of the bulk electrons 
measured by the Thomson scattering system is very low 
(e.g., ~ 0.015). In addition, an estimation shows that the 
bootstrap current due to the bulk electrons was much lower 
than the observed plasma current. Theses analyses suggest 
that the plasma equilibrium and the plasma current are 
dominated by high energy electrons generated by RF power. 

In order to adjust the fiber position precisely, the fiber 
holder and its stage have been modified. Using the stage, 
the spatial measurement points can be changed shot by shot. 
Figure 2 shows an example of 12 spatial point 
measurement of RF sustained plasma, where 8.2 GHz RF 
power (~ 80 kW) was injected and a plasma current of 10 
kA was sustained. 

In order to measure anisotropy of electron 
temperature and to increase the signal to noise ratio, a 

coaxial multi-pass scheme is under development. The 
scheme based on the optical cavity, where the laser 
injection and confinement are controlled by the 
combination of a fast Pockels cell and a polarizer. A test 
system was constructed, and the measured confinement 
efficiency of the optical cavity was about 73 % per one 
roundtrip2). The scheme was applied to the Thomson 
scattering system in TST-2 spherical tokamak, and the 
improvement in the signal to noise ratio was confirmed for 
Ohmic discharges. 

1) T. Yamaguchi, et al.: Plasma Fusion Res. 8, 1302001 
(2013). 

2) H. Togashi, et al.: Plasma Fusion Res. 9, 1202005 
(2014). 

 
Fig. 1 Electron temperature and density profiles 
during 28 GHz RF power injection.
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Fig. 2 Electron temperature and density profile for a 
8.2 GHz sustained limiter configuration plasma.

 
  
 
i) Introduction  
  Although a larger plasma current can be flown in a 
spherical tokamak (ST) due to larger plasma size compared 
to a high aspect ratio tokamak, it is difficult to ramp up large 
plasma current because the flux of the central solenoid (CS) 
is limited. In addition, as the divertor coil current induces the 
reverse loop voltage, the plasma current can be reduced. 
Therefore, careful operation is necessary in a ST with the 
small CS flux and divertors.	
  
  In this annual report, we report the comparative studies on 
the inner and outer divertor operations in QUEST with the 
plasma current of ~50 kA from the CS flux point of view. 
 
ii) Outer divertor operation  
  Figure 1 shows the OH discharge waveform with outer 
divertor (PF35-2) operation for the plasma current of ~50 
kA. As the mutual inductance between the plasma and outer 
divertor coil is large, the reverse loop voltage is induced as 

seen in Fig. 1-(f). However, as the divertor coil current 
variation is small as 0.8 kA, CS current variation is ΔICS=~6 
kA to induce ~50 kA plasma current. As shown in EFIT in 
Fig.1, the divertor configuration is produced.  
 
iii) Inner divertor operation 
  Figure 2 shows the OH discharge waveform with inner 
divertor (PF35-1) operation for the plasma current of ~50 
kA. The divertor coil current is changed from -5 to - 8kA. 
However, as the mutual induction is smaller than that in the 
outer divertor coil, the reverse loop voltage is smaller. CS 
current variation is ΔICS=~6 kA to induce the plasma current, 
which is the same as in Fig. 1. The divertor configuration is 
produced as shown in EFIT in Fig.2. 
  So far we compared both divertor operations via limiter 
operation. In this fiscal year the direct comparison using the 
larger plasma current was possible by employing the 
separate power supplies, leading to more accurate studies. 
Therefore, this result may imply that both the snowflake 
divertor corresponding to an inner divertor and the super-X 
divertor corresponding to an outer divertor could be 
employed without large difference of CS flux consumption.    

  This work is performed with the support and under the 
auspices of the NIFS Collaborative Research Program 
NIFS13KUTR091. 

	
 

 
Fig. 1. Temporal evolution of outer divertor operation 
and EFIT equilibrium (#23253). (a) The plasma current 
Ip, (b) CS current ICS, (c) PF26 and PF17 vertical field 
coil currents, (d) divertor coil current IPF35-12, (e) RF 
power (f)loop voltages, (g) various fluxes, (h) Oxgen 
impurity line (i) plasma position of the center, and (j) 
plasma inner and outer edge. (Note: (e) RF power is 
shown earlier by 0.1s). 
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Fig. 2. Temporal evolution of inner divertor operation 
and EFIT equilibrium (#23256). (a) to (j) are the same 
as in Fig. 1. 
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