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In the LHD low-beta discharges, the dependence of the 
energy confiment performance on the plasma paramter is 
reproduced by the ISS04(International Stellarator Scaling 
2004 model [1] which has the similar dependence with the 
gyro-reduced Bohm model. It is found that an factor, fren, 
which is different in the each magnetic configuration, 
should be introduced to be quantitatively reproduced though 
the ISS04 scaling is valid for the various helical plasmas. 
On the contrary, in the LHD discharges with a large range 
of beta value, it is reported that the dependence of the 
confiment performance on the plasma paramter is different 
from that of the ISS04 model, the reason of which is 
because the transport is governed by the anomalous 
transport induced by the resistive interchange instability[2, 
3]. The characteristics of the MHD instability of the 
Heliotron-J plasmas is quite different from that of the LHD 
because the properties of the magnetic configuration like the 
magnetic shear and the magnetic hill/well depth is quite 
different in the both plasmas. The main purpose of this 
works is to verify the above hypothesis on the dependence 
of the confinement performance on the beta through the 
analysis of the confinement performance of the high beta 
Helioteron-J plasmas with and without MHD instabilities. 

Before the analysis, we are developing and updating the 
analysis tool based on the 2.0 dimensional local heat 
transport analysis tool, TASK4LHD, which was developed 
for the LHD[4]. In Fig.1, the contents of the analysis tool. 
The main updating parts is as the follows: (1) The MHD 
equilibrium database for the mapping the measurement 
locations between the real coordinates and a magnetic 
coordinates is constructed by the HINT code. (2) The 
magnetic coordinates for the mapping in the NBI deposition 
profile estimation is based on the VMEC calculation. The 
reason for the first updating is as the follows: the VMEC 
free-boundary version, which is used to calculate the LHD 
MHD equilibrium database, cannot well calculate the MHD 
equilibrium of Heliotron-J, especially in the peripheral 
region because the shape of the magnetic surface is much 
more complicated than that of the LHD. HINT code needs 
the much larger calculation resource than the VMEC free 
boundary version. On the other hand, a magnetic coordinate 
is efficient to distribute the pressure profile based on that 
defined by the flux quantity. Then, after the MHD 
equilibrium is calculated, the mapping database is made by 
the VMEC fix boundary version, whose boundary condition 
is given from the HINT results. The reason for the second 
updating is as the follows: the Boozer coordinates is 
commonly used to calculate the particle orbit because the 

usage leads to the reduction of the calculation resources. On 
the contrary, it is much easier to distribute the density and 
temperature in the real coordinate based on those defined by 
the flux quantity because the magnetic surface is too 
complicated, and the direct 3 dimensional interpolation 
procedure is necessary to map them. On the contrary, in 
VMEC coordinates, the definition of the toroidal angle is 
exactly same with that in the real coordinates, where the 2 
dimensional interpolation procedure is enough. Here it 
should be noted that the Boozer coordinates are still used to 
calculate the particle orbit.  

We are analyzing the local heat transport for the 
discharge shown in Fig.2[5], which is maintained by NBI, 
and the configuration is so-called "standard" in Heliotron-J 
experiment group. The beta values at a time slice indicated 
by  in the Fig.2 is twice larger than that by  because 
the density increases due to the gas-puffing. Now we are 
comparing the transport properties in between  and 
cases. 

        Fig.1 The architecture of TASK4LHD.   

Fig.2 A sample-discharge's waveform. 
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It is necessary to understand mechanism of anomalous 

transport to improve plasma confinement. It is thought that 
anomalous transport comes from fluctuations of magnetic 
field, electric field, plasma density, and temperature out of 
various instability of plasma. Therefore, it is important to 
measure these parameters. Measurement of density 
fluctuations with electrostatic probes and a beam emission 
spectroscopy has been developed and used in Heliotron J. 
However, they can apply only to the edge plasma region. 
Microwave reflectometer has a capability of measuring 
fluctuations over the confinement region for ECH and/or 
NBI plasmas by choosing injection frequency. In this 
research, we have been developing a microwave 
reflectometer system to measure electron density 
fluctuations. The goal of the research is to clarify the 
behavior of electron density fluctuations in the plasma 
where plasma confinement is improved or energetic-
particle-driven MHD instabilities are excited. 

We have designed and assembled a microwave 
reflectometer and performed a characteristic test. Figure 1 
shows the schematic of microwave reflectometer. The 
injection frequency of microwaves to plasma are from 26.26 
to 41.14 GHz (Ka-band), corresponding that the cut-off 
electron density ranges from 0.9 to 2.1×1019 m-3. A function 
generator supplies DC or step function to a voltage 
controlled oscillator (VCO). The microwaves are then 
divided into the waves injected to plasma and the reference 
waves by using a directional coupler. After the injection 
waves are up-converted with 100 MHz by a local oscillator, 
these frequency is doubled by a x2 frequency multiplier and 
the waves are injected into the Heliotron J plasma and 

received through pyramidal horns. The received microwaves 
are mixed with reference waves to down-convert to the 
frequency of 200 MHz with fluctuations, delivering to an 
I/Q detector. We can estimate the complex phase difference 
between the received waves and the reference waves 
through the I and Q signals. 

We have examined the performance of the reflectometer 
in a test stand. The incident horn is moved away from the 
received horn by 1mm and measured the intensity of I and Q 
signals. The upconvertor generates both sideband frequency 
waves, making the I and Q signals with the constant phase. 
It is found that the wavelength of I and Q signal corresponds 
to that of carrier frequency,  = 1.14 cm. It suggests that the 
amplitude of I and Q signals reflects the phase between 
incident and reflected waves, expecting that we can measure 
the density fluctuations. 

Figure 2 shows the time evolution of FFT power 
spectrum of density fluctuation measured with this 
reflectometer system in a plasma discharge. When the 
electron density exceed the cut-off, the I/Q signal intensity 
increases, and the power spectrum density at low frequency 
range increases. Although the density is below the cut-off 
before 235 msec, coherent modes of 50-90 kHz and 120-150 
kHz are observed. As shown in Fig. 3, the modes has a high 
coherence with magnetic probe signals, suggesting that the 
modes are energetic particle driven MHD modes. 

Fig. 1. Schematic of reflectometer system for density 
fluctuation measurement 

Fig. 2. Time evolution of electron density and density 
fluctuation at shot#58343 

Fig. 3. Time evolution of coherence between reflectometer 
signal and magnetic probe signal 
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