
To improve the core plasma performance, it is 
inevitable to understand the physics in divertor region as 
well as core plasmas. Plasma detachment is thought of as a 
method to control particle/heat loads on divertor materials; 
the measurement of the low temperature recombining 
plasmas is not so simple. Anomaly is identified in the 
current voltage characteristics of electrostatic probes, and a
special care is required for Thomson scattering, since the 
temperature is much lower than 1 eV. In this study, based on 
developments of measurements systems in linear divertor 
simulators, we progress the understand of the physics of 
plasma detachment. A laser absorption spectroscopy and a 
laser Thomson scattering system have been developed to 
measure the atomic temperature and the electron density and 
temperature in the divertor simulator NAGDIS-II [1], and a
fast framing camera observation was conducted in the TPD-
SheetIV device [2].

The wavelength of the ECDL (External Cavity 
Diode Laser) was tuned at ~1083 nm (HeI: 23 3P). The 
wavelength was monitored using a wavemeter, and single-
mode operation was confirmed using a Fabry-Perot 
interferometer. Two photo detectors were used to measure 
the laser beam power with and without the pass through the 
plasma. Doppler absorption spectra were obtained using the 
difference between the laser power measured with the two 
beam paths. First, the absorption spectrum was obtained 
using a inductively-coupled plasma. The neutral 
temperature was obtained to be ~330 K from the width of 
absorption profile. Then, the system was installed to the 
NAGDIS-II device. Figure1 shows typical absorption 
spectra in the detached plasma in NAGDIS-II. The atomic 
temperature was obtained to be 1410 300 K from the 
width of absorption profile by considering the influence of 
Zeeman split.

Figure 1: Typical absorption spectra in NAGDIS-II.

We have observed dynamic behaviors of a sheet 
plasma in TPD-SheetIV with a high-speed camera. A high-
speed  camera (ULTRA CAM HS-106E : NAC Image 
Technology, Inc.) was used at a frame rate of 100000 fps. A
heat-resistant glass was installed at the end of TPD Sheet-IV 
to observe the plasma in parallel to the magnetic field.

Figure 2 (a) and (b) shows fast framing camera 
images of He and Ar mixture plasma and pure He plasma, 
respectively, observed with the high-speed camera. It is seen 
in Fig.2(a) that the plasma column moves back and forth 
horizontally at a frequency of about 4 kHz in He/Ar mixture 
plasma. However, in case of pure He plasma, the plasma 
column did not exhibit such a dynamic behavior. In addition, 
intermittent transport which is similar to plasma blob was 
observed. The temporal evolution of Isat in the peripheral 
plasma supported the fact that blob like plasma was released 
at the same frequency of ~4 kHz.

Figure 2: A snapshot of image captured by the high-speed 
camera:(a)He and Ar plasma (b)He plasma.

Moreover, the laser Thomson scattering system 
was installed in the divertor simulator NAGDIS-II. A 
Nd:YAG laser at the wavelength of 532 nm was used for the 
laser, and an image intensified charge coupled device 
(ICCD) (Princeton instruments, PIMAX-IV) was used. We 
obtained the laser Thomson scattering signal in the ionizing 
plasmas in NAGDIS-II. The temperatures were in the range 
of 3-4 eV, which was consistent with the electrostatic probe 
measurement. Also, it was confirmed that the density 
increased with the discharge current. We plan to apply the 
developed method in the recombining plasmas.
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On the LHD deuterium operation, 1 MeV triton 
and 3 MeV protons are mainly created by bulk deuteron and 
energetic deuteron reactions. Study on a confinement/loss of 
those MeV ions give us the knowledge to understand the 
confinement of MeV ions such as alpha particles in a fusion 
reactor, because the velocity distribution of those ions is 
isotropic in the velocity space. To study the confinement of 
MeV ions, we have been developing a triton simulation 
code, 14 MeV neutron diagnostics, and lost MeV ion 
diagnostics. 

Toward study the confinement of MeV triton, we 
developed the numerical simulation code based on GNET 
(Global Neoclassical Transport) code. Calculated emission 
profiles of 14 MeV neutron caused by MeV triton and bulk 
deuteron reactions are changed according to electron density
(Fig. 1). The simulation predicts that the emission ratio of 
14 MeV neutron to 2.45 MeV neutron in LHD is around one 
order smaller than that in JT60-U.

Fig. 1. 14 MeV neutron emission profile calculated by 
GNET code.

To measure 14 MeV neutron, we designed the 
scintillating fiber detector by means of PHITS code. We 
found that scintillation light emission by incident neutron 
mainly occurs away from a photomultiplier tube coupled to 
the fiber because of self-shielding effect. Therefore, the 
transmission characteristic of the scintillating fiber bundle
should be improved because it strongly affects pulse heights.

For development of 14 MeV neutron detector such 
as the fiber based detector and an artificial diamond, 14 
MeV neutron source is needed. Unfortunately, Fusion 
Neutronics Source (FNS) at JAEA, which was used for 
detector development, do not provide 14 MeV neutron 

anymore. As an alternative to FNS, we start to setup 14 
MeV neutron source at two possible neutron generators:
Fusion Neutronics Lab (FNL) of Tohoku University and 
OKTAVIAN of Osaka University. Toward preparation of a
tritium target, we made a deuterium target in collaboration 
with Toyama University. The deuterium target was used to 
generate 2.45 MeV neutrons on FNL (Fig. 3). The neutron 
yield was estimated to be 1.6×107. We plan to make a 
tritium target in next fiscal year. 

Fig. 2. Distribution of energy deposited by neutron in
the scintillating fiber detector.

Fig. 3. Experimental setup of DD neutron generation 
on FNL in Tohoku University.

To get special profile of energetic ion, 3 MeV 
protons promptly lost from the plasma are plan to be 
measured. For feasibility study, we used Lorentz orbit 
simulation to search a possible positon to install the detector. 
From results of the orbit simulation, we found that the 
outboard side of the horizontal elongated cross section is 
one candidate (Fig. 4).

Fig. 4. Orbit of lost 3 MeV protons in LHD.
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