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Abstract

LHD is a superconducting heliotron type device with l=2/m=10 continuous helical coils

and three pairs of poloidal coils [1]. The major and minor radii of the plasma are 3.5-3.9 m

and 0.6 m, respectively. The plasma experiment was started at the end of March 1998 with the

magnetic field of 1.5 T [2]. Subsequently, the magnetic field has been gradually increased

checking carefully the stability of the SC coils, and the maximum magnetic field used in the

plasma experiment was 2.89 T at the magnetic axis of R^ = 3.6 m. The heating power has

been gradually increased, i.e., NBI up to 5.2 MW (with two beam lines), ICRF up to 2.7 MW

(with two antenna system), and ECRH up to 1.0 MW (with six gyrotron tubes ). The carbon

tiles were installed as divertor plates to meet high power heatings, resulting in significant

reduction in metal impurity concentration (Fe) and total radiation power. Upgrading of the

key hardware system has led to (i) higher Te [ Te(0) = 4.4 keV at <ne> = 5.3 x 1018 m'3 and

Pabs = 1.8 MW ], (ii) higher confinement [ xE = 0.3 s, Te(0) = 1.1 keV at <ne> = 6.5 x 1019 m"3

and Pabs = 2.0 MW ], (iii) higher stored energy Wp
dia = 1.0 MJ, (iv) the highest p value in

helical devices [2.4% at 1.3 T, > 3.0% at 0.5 T]. In this workshop, we will report the recent

experimental results on the LHD and plasma diagnostics related to mm and sub-mm wave

diagnostics.

1. Characteristics of LHD Plasmas

One of the unique features of LHD plasmas is the formation of the edge pedestal. When

neutral beams inject into a target plasma generated by ECH, the hot plasma region expands

rapidly and eventually reaches the last closed magnetic flux surface and finally reaches

divertor plates. During this rising phase, the temperature pedestal [3] forms without a rapid

transition which is usually observed in the H-mode discharges on other machine. The energy

confinement was systematically better than that predicted by the International Stellerator

Scaling 95 [4] up to a factor of 1.6 and was comparable with ELMy H-mode confinement

capability [5] in tokamaks shown in Fig.l. In order to plot tokamak confinement times in the

figure of ISS95 scaling, the toroidal plasma currents are replaced by rotational transform

angle with the assumption of a safety factor q profile of q = 1 + (qa + l)r4.
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Fig. 1 Comparison of the global energy

Confinement time with ISS95 scaling.

power has been observed until the end of discharge,

instrument capability and not by plasma behavior.

Temperature pedestal observed

contributes this enhancement. ICRF

power up to 1.3 MW was reliably

injected into the plasma without

significant impurity contamination and

a plasma with stored energy of 200kJ

was sustained for 5 sec by ICRF alone.

Long pulse discharges over than 1 min

have been successfully achieved with

ICRF heating and with NBI heating [6].

With NBI heating ( 0.5MW), the

discharge with Te = 2.0 keV and <ne> =

1.6 x 1019 m"3 lasted 80 sec. With ICRF

heating( 0.85 MW ), a similar long

pulse dis charge (duration time of 68

sec, Te(0) = 2.0 keV, <ne> =

1.0 x 1019 m"3) was achieved. In these

discharges, no increase of radiation

The pulse length is limited by the heating

2. LHD Plasma diagnostics

Figure 2 show a cross-sectional view of the LHD experimental hall, including the major

diagnostics. The main diagnostics are a YAG Thomson scattering syatem having 120 spatial

channels with a time resolution of 20 msec, a 13-channel FIR laser interferometer for the

electron density profile measurements, and charge exchange recombination spectroscopy for

ion temperature profile measurement. The most challenging diagnostic on LHD is Heavy Ion

Beam Probe with the beam energy of 6 MeV, just now being installed in the LHD

experimental room. Among these various diagnostics, MM and Sub-MM Wave diagnostics on

LHD will be described in detail. The diagnostics related to the mm and sub-mm wave

technologies are summarized in table I. A lot of challenging diagnostics such as a CO2 laser

polarimeter, a ultra-short refiectometer and ECE imaging have been developed under the

collaborations with many universities.

For the electron density profile measurement, a multi-channel FIR laser interferometer has

been developed. The optical configuration of the meter is of the Michelson interferometer type.

The FIR laser is installed in the diagnostic room. The laser beam propagates about 50 m

through a couple of the dielectric waveguides to reach the optical housing, which is mounted

on a massive frame. The frame encircles the plasma vacuum vessel and floats on three

pneumatic vibration isolation mounts in order to minimize the transmission of vibrations from



the machine. This isolation stand is 18.4 meters tall and weights about 30 tons. In this

instrument, the key point for the construction of the high quality laser interferometer is how to

achieve high quality and high power laser source. We have developed the laser source under

the collaboration with Chubu-university from the beginning of the LHD project. So far, we

have developed a powerful and stable 119 |im CH3OH laser which has been used to measure

the electron density profile of the LHD plasmas. For the future high performance operation of

LHD, a powerful 57 (xm CH3OD laser pumped by a 9R(8) CO2 laser has been developed [7]

and its output power reaches to 1.18 W.

Table 1 MM/Sub-MM wave plasma diagnostics on the Large Helical Device

Interferometry

Polarimetry

Electron Cyclotron Emission

Reflectometry

13-Channel CH3OH Laser Interferometer
140/285 GHz MM Wave Interferometer
10.6 mm CO2 Laser Polarimeter

14-channel Grating Polychromator
Fourier Transform Spectrometer
Heterodyne Radiometer (D-band and E-band )
ECE Imaging
Pulsed radar Reflectometry
Homodyne Reflectometry for NBI Interlock

Diagnostic Room 1
30t

FIR Laser

Retroreflectors Interferometer

Fig. 2 Cross-sectional view of the LHD experimental hall.
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In ECE and reflectometry on LHD it is important to investigate the effects of the magnetic-

field shear on the polarization of the electromagnetic waves. In the ECE diagnostics, the

magnetic field strength in LHD is a non-monotonous function of the radius in the sight line of

the ECE diagnostic antenna and it is characterized by a large shear (see Fig. 3). The magnetic

shear is defined as the ratio between the poloidal and toroidal magnetic field components, or

the shear angle, 0 given by tan0 = Bt/Bp. The derivative is given by 0 = dq/dr (see Fig. 3).

The shear in LHD is of order unity at the plasma edge. Such a large shear yields a coupled

propagation of the X and O-mode polarization modes, yielding mode conversion and

polarization rotation. A detailed numerical and experimental analysis of the ECE polarization

has been performed [8]. It was found that if the density is sufficient high (ne > 0.5 1019 m'3)

mode conversion is negligible. However,

the polarization orientation rotates in the

LHD laboratory frame up to the plasma

edge. X-mode polarization remained

perpendicular to the local magnetic field.

Hence, at the edge, the X-mode

polarization was observed under a specific

angle in the laboratory frame, given by the

local shear angle, 0 (r=a) = 34 - 30°.

Numerical calculations were found to be

in agreement with the experimental results.

Similar situation should be appeared in the

reflectometry, and the mode conversion

effect on the reflectometry on LHD is

under investigation by using a short-

pulsed reflectometer.
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Fig. 3 The magnetic-field configuration in the

line-of-sight of the diagnostic antenna.

The magnetic-field amplitude, the shear angle,

6, and its derivative, 0, are plotted.
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