
The Large Helical Device is equipped with several
diagnostics for the precise measurements of plasma pa-
rameters. The integration of the diagnostics data has
been developed as well as the improvement of each diag-
nostics. The measurements of radial profiles of ion and
electron temperature and density are important for the
transport study. The radial profiles of electron temper-
ature and density are measured with ”YAG Thomson
scattering system”, where the electron density is cal-
ibrated by ”Far InfraRed (FIR) laser interferometer”.
The radial profiles of ion temperature and poloidal and
toroidal rotation velocity are measured with ”Charge Ex-
change Spectroscopy (CXS)”. The radial profiles of ra-
dial electric field is measured with the CXS near the
periphery and with ”Heavy Ion Beam Probe (HIBP)” in
the core. Studies for plasma response to the perturba-
tion is recognized to be important in understanding the
transport and MHD stability in the plasma. Therefore
the instruments that give the perturbation to the plasma
are categorized to a part of diagnostics tool by combin-
ing the other diagnostics. ”Tracer-Encapsulated Solid
pellet (TESPEL)” is originally used for impurity trans-
port study, but it becomes to be used in the cold pulse
propagation experiment for non-local transport study by
combining temperature measurements with ’Heterodyne
radio meter of electron cyclotron emission (ECE)”. The
study on magnetic topology (stachastization) is done by
combining the magnetic shear measured with ”Motional
Stark Effect (MSE) spectroscopy” and heat pulse prop-
agation speed measured with ECE in the modulation
electron cyclotron heating (MECH) experiment. The
relation between the temperature gradient and turbu-
lence intensity measured with ”Microwave reflectometer”
is also studied. Further integration of the diagnostics
data is desirable for deeper understanding of transport
and MHD stability in LHD plasmas.

The important issue of LHD diagnostics system is
that how to integrate the experimental data from vari-
ous diagnostics. There are two important issue, one is
”mapping” and the other is ”combination with numerical
calculation”. The ”mapping” is the conversion from real
coordinate (R, z, φ) to the effective minor radius (reff)
as a flux coordinate, which is crucial to compare the
plasma quantities (temperature, density, rotation, radi-
ation, fluctuation, etc.) measured at different poloidal
cross section with different line of sight and different tim-
ing. In LHD, there are equilibrium data base with var-
ious configuration, current, beta, based on the VMEC
calculation. Then the best equilibrium is selected by
minimizing the in-out symmetry of electron temperature
profiles measured with YAG Thomson. The mapping to
the flux coordinate at each time slices of Te measurement
with YAG Thomson is done between shot intervals. The
other issue is combination with numerical calculation.
This is important in the transport analysis. The trans-

port analysis requires detailed profiles of plasma param-
eters such as temperature, density, radial electric field,
radiation, etc., and deposition profiles of heating power
(ECH and NBI and ICRF) which is calculated by nu-
merical code based on the measured radial profiles of
plasma parameters. Therefore the combination between
the measured data and calculated data is important. In
LHD,the measured data and calculated data are unified
to one analyzed database. Using this analyzed database,
the transport analysis is done for all time slices of YAG
Thomson measurements.

The radial profiles of basic plasma parameters such
as temperature, density, potential (radial electric field),
magnetic shear, in LHD has high quality both in spatial
and time resolution, although the magnetic configuration
is complicated due to three dimensional magnetic config-
uration. However, the measurements of turbulence still
needs development to understand the physics mechanism
of turbulence transport. There are several diagnostics for
turbulence study in LHD. The density fluctuations due
to micro turbulence are measured with phase contrast
imaging (PCI) of CO2 laser, multichannel reflectometer.
In contrast, temperature fluctuation with long range cor-
relation due to mezo- or macro-scale turbulence is mea-
sured with electron cyclotron emission (ECE). More re-
cently beam emission spectroscopy (BES) has been de-
veloped to investigate the density fluctuation with long
range correlation due to mezo- or macro-scale turbulence.
The potential fluctuations due to the instability driven
high energy particle is measured with HIBP, which is
much larger potential fluctuations driven by drift wave.
MHD instability driven by high energy particles injected
by neutral beam injection (NBI) or ICRF heating are ob-
served in the particle loss directed by the neutral particle
analyzer (NPA), fast ion beam probe.

The mechanism of edge localized mode (ELM) sup-
pression by perturbation magnetic field is still not well
understood in torodidal plasmas, although this is one of
the most important issue in ITER. There are possible
mechanism for the ELM suppression, one is the decrease
of pressure gradient of the pedestal due to the stochas-
tization and the other is the stabilization of MHD in-
stability due to the magnetic topology change by per-
turbation field. Therefore the effect of magnetic topol-
ogy (magnetic island, stochastization) on fluctuation and
transport has been recognized to be important in toroidal
plasmas. The precise measurements and correlation study
between the density/temperature fluctuation driven by
the electro static turbulence and magnetic field oscil-
lations driven by MHD instability will be urgent issue
in the diagnostics system in LHD in understanding the
three dimensional effect on transport and MHD instabil-
ity in toroidal plasmas.
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Radiation profile measurement is a key issue to
investigate plasma detachment and radiation collapse
phenomena. It is known that the radiation from the ergodic
region plays an important role in the phenomena.1, 2) Then,
three-dimensional measurement of radiation profile is
required to study them in more detail since the radiation
from the ergodic region has a three-dimensional structure.
The InfraRed imaging Video Bolometer (IRVB) is a useful
diagnostic to investigate the plasma radiation profile. It has
a large number of channels and this characteristic is an
advantage for a tomography technique to reconstruct the
three-dimensional radiation profile.

In the 16th cycle, four IRVB systems were operated
in LHD. The Field of Views (FoVs) and the specifications
of the four IRVB systems are shown in Figure 1 and Table 1,
respectively. Here, NETD means noise equivalent
temperature difference. There are three improvements in
this cycle. First, a new IRVB system was added at 6.5-L
port with a poloidal view. It has 20x28 bolometer channels
and will make a large contribution towards the three-
dimensional tomography. As the results of this installation,
the total number of bolometer channels is increased to 2528.
Second, the IR camera at 6.5-U port is replaced from a
SC500 to a SC655. The number of IR camera pixels is
quadrupled and the performance of the NETD is improved
by this replacement. Finally, the FoV at the 10-O port was
rotated to focus on the helical divertor X-point as shown in
Figure 2. The current FoV can observe only the helical
divertor X-point region tangentially and the signal intensity
from the helical divertor X-point region can be increased
with this tangential view. The radiation around that region
can be investigated in more detail by the modification of the
FoV.

In the 17th cycle, the FoV at 6.5-U port will be
improved for the three-dimensional tomography3) and new
IR cameras will be installed at 6.5-L and 10-O ports to
improve the number of pixels and NETDs. In the near future,
these IRVB systems will be operated automatically and a
new IRVB system will be installed at 8-O port to focus on
the closed divertor measurement.
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Fig. 1. FoVs of four IRVB systems in LHD

Table 1. Specification of IR cameras

Port Camera Pixels Full
frame rate NETD

6-T FLIR/
SC4000 320x256 420 Hz <25 mK

6.5-U FLIR/
SC655 640x480 50 Hz <50 mK

6.5-L FLIR/
Omega 160x120 30 Hz <85 mK

10-O FLIR/
SC500 320x240 60 Hz <70 mK

(a) 15th cycle

(b) 16th cycle
Fig. 2. FoVs of IRVB at 10-O port
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