
 

  
  

The purpose of this research is to advance the physics 
understanding of high energy particles by creating high 
energy collisionless electrons with large displacements of 
drift surfaces from magnetic surfaces using the lower hybrid 
wave (LHW). Such electrons have large poloidal gyroradii 
and play important roles in affecting the equilibrium and 
forming the radial electric field, similarly to alpha particles 
created in burning plasmas. In FY 2015, emphasis was 
placed on increasing the plasma current (Ip) and on the 
analysis of LHW driven plasmas in TST-2. The former 
leads to increasing the density and energy of high energy 
electrons, while the latter is important for understanding and 
controlling high energy electrons.  

The maximum Ip sustained by LHW excited by the 
outboard capacitively-coupled combline (CCC) antenna [1] 
was increased from 15 kA to 25 kA by the following three 
modifications: (a) increase of the toroidal field strength 
which improves wave accessibility to the plasma core, (b) 
change of the outboard limiter position to decrease the 
plasma density in front of the antenna, which reduces 
coupling from the antenna to the plasma, and (c) installation 
of new top and bottom limiters which probably reduced the 
power loss in the scrape-off layer (SOL). According to ray 
tracing analysis, a significant fraction of wave power can be 
lost in the SOL, and changes in the SOL plasma parameters 
may affect the magnitude of the LHW driven current. 
Thomson scattering measurements show that the electron 
temperature (Te) profile is hollow, and the core Te is low 
(10-20 eV) [2], suggesting that the contribution of bulk 
electrons to Ip is small, and that the LHW power is 
deposited mainly in the peripheral region. On the other hand, 
co-directed hard X-ray energy spectrum with an effective 
temperature of about 40 keV imply that Ip is driven by high 
energy electrons accelerated by the LHW. It should be noted 
that the effective temperature does not depend on Ip, which 
suggests that the confinement of high energy electrons is 
good.  

RF power modulation experiments and RF power 
injection into Ohmic plasmas were performed. The response 
of the soft X-ray emission profile and the bulk Te profile 
suggest that the RF power deposition moves towards the 
periphery as the toroidal field decreases and the plasma 
density increases. Flow velocity measurements [3] and 3-
fluid equilibrium reconstruction [4] indicate that the 
potential and flow speeds are much lower than previous 
expectations that the prompt loss of high energy electrons 

generates a high positive potential in the plasma core. The 
reconstructed 3-fluid equilibrium shows that the effect of 
potential on high energy electrons is negligible, while the 
effect is significant for the bulk ion confinement. 

Based on these experimental results using the 
outboard CCC antenna and the results of wave propagation 
calculations under various conditions (e.g. Fig. 2), top 
launch is found to be advantageous for improved LHW 
power absorption in the plasma core. A new top-launch 
CCC antenna was designed, fabricated, and installed. In a 
preliminary experiment the maximum Ip of 12 kA has 
already been achieved. 
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Fig. 1. Waveforms of the toroidal field Bt (a), net RF 
input powers PRF (b), plasma current Ip (c), loop voltage 
VL (d), and line averaged density ne. 

 
Fig. 2. Ray trajectories projected on a poloidal cross 
section for outboard and top launch cases. 

 

  
  

 
 

Microwave imaging diagnostics are powerful tools 
that are used to obtain details of complex structures and 
behaviors of such systems as magnetically confined plasmas. 
For example, microwave imaging reflectometry and 
microwave imaging interferometers are suitable for 
observing phenomena that are involved with electron 
density fluctuations; moreover, electron cyclotron emission 
imaging (ECEI) diagnostics enable us to accomplish the 
significant task of observing MHD in- stabilities in large 
tokamaks. However, microwave imaging systems include 
difficulties in terms of multi-channelization and cost. 
Recently, we solved these problems by developing a Horn-
antenna Mixer Array (HMA)1), a 50 - 110 GHz 1-D 
heterodyne- type antenna array, which can be easily stacked 
as a 2-D receiving array, because it uses an end-fire element. 
However, the HMA still evidenced problems owing to the 
requirement for local oscillation (LO) optics and an 
expensive high-power LO source. To solve this problem, we 
have developed an upgraded HMA, named the Local 
Integrated Antenna array (LIA)2,3), in which each channel 
has an internal LO supply using a frequency multiplier 
integrated circuit. Therefore, the proposed antenna array 
eliminates the need for both the LO optics and the high-
power LO source. This paper describes the principle of the 
LIA, and provides details about an 8 channel prototype LIA. 

Figure 1 indicates a block diagram of an ECEI LIA 
(50 ~ 57 GHz type). The LIA consists of six important 

elements: horn antennas, waveguides to microstrip line 
transition (WMTs), mixers, an LO module, an LO power 
divider, and IF transmission lines. The horn antennas and 
WMTs are part of a sandwich of a high-frequency printed 
circuit board (PCB) placed between upper and lower 
aluminum frames, each of which are engraved with half of 
the horn antenna and waveguide shapes. The receiving wave 
(RF) enters the mixer via a horn antenna and a WMT, which 
is converted to the IF signal by the LO wave generated by 
the quadrupler. Pre LO signals are supplied to each 
quadrupler by a power divider using the Wilkinson power 
divider method. Since the LO power divider is installed 
between the mixer and the output connecter, the IF signals 
sent to the output channel by a transmission line. 

Figure 2 shows a schematic view of a new ECEI 
system in LHD. A tentative plan of the ECEI system is as 
follows: eight poloidal channels, four toroidal channels, and 
observation frequencies: 50~57 GHz (1 GHz step, 8 
channels) and 98~113 GHz (1 GHz step, 16 channels). 

In this fiscal year, developments of important 
elements of the ECEI LIA, e.g., the quadrupler, the low 
noise amplifier, the mixer and the band-pass filter were 
done. In the next fiscal year, we plan to develop an eight 
channel LIA (50 ~57 GHz type). 
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Fig. 2.  New ECEI optics. 

Fig. 1.  Block diagram of ECEI LIA (50 ~ 57 GHz type). 
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