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For the precise measurement of plasma quantities in a 

three dimensional helical plasma, an extensive set of 
diagnostics have been developed with national and 
international collaborators, and are routinely operated in the 
Large Helical Device (LHD). The diagnostic system 
operating now consists of about 60 diagnostic instruments 
which are summarized in Table I. For the installation of 
various kinds of diagnostics instruments, large sized ports 
are equipped. The diameter of the largest horizontal ports is 
2410 mm, which enables us to easily access the full plasma 
cross section with multi-channel viewing chords aligned 
parallel to one another. The key issues of diagnostics for 
LHD are: (a) the capability for multi-dimensional (2-D or 
3-D) measurements to investigate non-axisymmetric helical 
plasmas; (b) cross-check of fundamental plasma parameters 
using different methods; (c) measurements of the electric 
field and plasma turbulence in the center of the plasma for 
understanding the classical and anomalous transport in a 
helical system; (d) advanced measurements appropriate for 
steady-state operation; and (e) an adequate data acquisition 
system to handle the large amounts of data expected for 
steady-state operation. Considering these key issues the 
design and R&D of the LHD diagnostics were carried out. 

The YAG laser Thomson scattering (TS) system and 
the ECE system have proven as reliable diagnostics for the 
temporal evolution of the electron temperature profile. The 
YAG laser TS system works routinely to provide the 
electron temperature profile with a flexible repetition rate 
(from 5 ms to hundreds of ms). The LHD TS has an oblique 
backward scattering configuration, in which the typical 
scattering angle is 167 degrees. This unique configuration 
enables us to measure the electron temperature/density 
profiles from the boundary to the center of the LHD plasma. 
The system can measure the scattered light at 144 points 
along a major radius with the spatial resolution of 20 – 40 
mm. In this scattering configuration, the TS spectrum width 
becomes wider than those in a conventional right angle 
scattering configuration. The measurable temperature range 
is 20 eV – 20 keV. The LHD TS has two kinds of YAG 
lasers, three 10Hz/2.3 J lasers and four 50 Hz/0.5 J lasers, 
and flexible multi-laser operations (2 J/50 Hz and 0.5 J/200 
Hz) are possible. Te more than 15 keV has been observed 
by the YAG TS in high temperature plasma experiments. 

For the electron density measurements of the LHD 
plasma, three kinds of diagnostics have been used: a 
multi-channel far infrared (FIR) laser interferometer, a two 
color mm wave interferometer, and a CO2 laser imaging 
interferometer. A 13-channel FIR laser interferometer has 
been routinely operated for the precise measurements of the 

electron density profile. The spatial and time resolutions 
are 90 mm and 1 μs, respectively. The overall accuracy of 
the system is about 1/100 of a fringe, corresponding to a 
minimum measurable line-averaged density of 5.6 x 1016 
m-3 at the central chord. The FIR interferometer routinely 
provides a density profile almost every shot except in the 
case of high-density plasma by ice pellet injection. When 
the large sized pellet is injected to the plasma a steep 
density gradient is formed in the peripheral region of the 
plasma, which sometimes causes fringe jumps at the 
corresponding channels. To solve this problem, a 10.6-μm 
CO2 laser imaging interferometer has been developed. The   
system is employed by using three slab-like beams (one 
250 x 50 mm2 and two 280 x 50 mm2 beams) and detector 
arrays (liquid nitrogen cooled photoconductive type 
HgCdTe detectors) to measure the fine structures of the 
density profile and fluctuations. The total channel number 
is 81 with a chord spacing of 7.5 – 15 mm. 

The plasma potential profile, or radial electric field 
distribution, is an important quantity in a helical system, 
because it is closely related to the plasma confinement 
characteristics of helical plasmas. For the direct 
measurement of the electrostatic potential, a heavy ion 
beam probe (HIBP) has been developed in LHD. Due to the 
large size of the plasma confined in the magnetic field of up 
to 3 T, a MeV-range beam of heavy ions is needed for the 
LHD-HIBP. The probing beam of gold is accelerated up to 6 
MeV by means of a tandem accelerator. The error in 
potential measurement is estimated to be about 340 V, in 
which the main error sources are fluctuations of the 
acceleration and analyzer voltages, and electric noise of the 
amplifier. Er measured by the HIBP agrees with that 
estimated by charge exchange spectroscopy.  

For multi-dimensional measurements 2-D or 3-D 
imaging diagnostics are under intensive development with 
national and international collaborators. A 3-D ECE 
imaging (ECEI) system has been developed in collaboration 
with Kyushu University for the measurement of an electron 
temperature profile and its fluctuations. The ECEI system is 
composed of focusing optics installed inside the vacuum 
chamber of LHD and planar-type detectors fabricated by 
monolithic microwave integrated circuit technology. The 
detector consists of the integration of a bowtie antenna, a 
down-converting mixer using a Schottky barrier diode, and 
hetero-junction bipolar transistors on a GaAs substrate. The 
ECE signal and local oscillator beam are irradiated from 
both sides of the detector. The time evolution and the 
intensity of the ECE signals detected agree with those 
obtained by a conventional heterodyne receiver.  

148

(5) Diagnostics Systems



Table I  List of Main Diagnostics of the LHD 

  
A data acquisition system with parallel processing 

technology has been developed for diagnostics with a 3 
minute cycle and a steady-state plasma sustainment during 
LHD operation. Data of most diagnostics are taken by 
CAMAC digitizers, WE7000, and CompactPCI digitizers. 
The total number of digitizer modules and channels are 
about 300 and 2000, respectively. In the 13th campagin in 
2009, the maximum acquisition amount has increased up to 
10.6 GB/shot, constantly having about 180 shots per day. In 
the 9th campain the longest discharge duration of LHD was 
over one hour. The LHD data acquisition system had 

established the world record for the acquired data amount 
(~90 GB) in a single plasma discharge. For effective remote 
participation by domestic universities and institutes, LHD 
has a powerfull network realizing 1 Gbps streaming by 
introducing the Super SINET. This system enables remote 
participants to see the same images and to access their 
diagnostic data from their institutes like the researchers in 
the controle room of LHD. 
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