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1 . Introduction
One of important issues concerning steady state sustainment of magnetically 
confined plasmas (MCPs) is distribution of impurity ions in the MCPs and 
radiation powers by the ions. Since tungsten divertors will be used in ITER, 
the primary element of heavy impurity ions would be tungsten. Tungsten 
cannot be fully ionized even in core plasmas of ITER. Line radiations by 
bound electrons of the tungsten ions following electron impact excitations 
decrease temperatures of the core plasmas. Thus, it is required to keep 
tungsten concentration in the core plasmas as small as possible； some 
theoretical simulations predict that the concentration should be limited 
below 5x10 '
In ITER, electron temperatures span from < 100 eV at peripheral regions 

up to about 30 keV at a plasma center. Many ionization stages (up to W65+) 
contribute to the line radiation. In scrape*off and divertor regions, open 4f 
sub-shell (W14+ 〜 W27+) and open 5s/5p sub-shell (W6+ 〜 W13+) ions may be 
dominant emitters. Peak temperature at a plasma center of the Large 
Helical Device (LHD) is about 4 keV or lower using neutron beam injection 
heating. We can investigate tungsten emission lines anticipated in the ITER 
edge plasmas through scrape-〇ff and divertor regions by using LHD. 
Measurements of line spectra of the ions give useful knowledge about ion 
distribution in MCP, provided that we can assign the line (or group of the 
lines) to a specific charge state of the ion.
In LHD, we have identmed several charge states of tungsten ions by 

spectroscopy. A strong neutral tungsten line in visible region is observea near 
a tungsten plate installed in the vacuum vessel. In contrast, Cu- and Zn-like 
tungsten lines are observed in 6 nm region after a tungsten pellet is injected. 
Similarly, in 5nm region, 27, 28, and 29+ charge state lines are observed. 
Since electronic configurations of these ionization stages are away from the 
closed shell, energy level structures are very complex. As a result, these 
emission lines exhibit a quasi-continuum feature, i.e. so-called unresolved
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transition array (UTA).

2. Tungsten EUV line spectra measurements with EBITs and spectral 
synthesis

A compact electron beam ion trap  (CoBIT) has been developed to measure 
spectral data  of highly charged ions relating to fusion and solar plasma 
researches. Electron-beam energy from 100 eV upto 2 keV is used to produce 
tungsten ions of about 10+ through 30+ charge states relevant to LHD 
plasmas. Extreme-Ultra-Violet (EUV) emission lines from the tungsten ions 
inside the CoBIT were measured using a flat-field grating EUV spectrometer 
equipped with a CCD detevtor. Tungsten was injected as a vapor of W(CO)6 
compound into the CoBIT. Charge states associated with emission lines are 
clearly identified in the CoBIT spectra. Detailed spectral synthesis was 
performed by a collisonal-radiative model (CR-model) using tungsten atomic 
data obtained from HULLAC code calculations. Very good agreem ent with 
CoBIT spectra has been obtained. The validated CR-model will be applied to 
investigate tungsten spectra in LHD plasmas.

3. Visible forbidden transition of highly charged tungsten ions
Visible line emission from highly charged tungsten ions has been observed 

a t the LHD using a Tracer Encapsulated Solid Pellet (TESPEL). A 
Czerny*Turner-type visible-UV spectrometer (1800 grooves/mm grating and 
an entrance slit width of 50 |im) equipped with a CCD detector was used for 
the present observation. One of the measured lines is assigned to a 
magnetic-dipole (Ml) line of the ground-term fine-structure transition of 
W26+. The other line is unidentified bu t probably due to a highly charged 
tungsten ion. Photon emission was observed at 40 lines of sight divided along 
the vertical direction of a horizontally elongated poloidal cross section of the 
LHD plasma. The line-integrated intensity of the M l line along each line of 
sight indicates a peaked profile a t the plasm a center where the electron 
tem peratures are high enough so th a t tungsten ions are highly ionized. 
However, the ion distribution cannot be reconciled with a transport-less 
model using available ionization/recombination rate coefficients of tungsten 
ions (e.g. JATOM code by Sasaki).
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4. X-ray spectra of heavy highly charged ions
In the core plasm a of ITER, Ne-like W ions will be most abundant. Precise 

spectral data  for the Ne-like ions, therefore, become im portant for 
diagnostics of plasm a param eters and plasm a rotation. High-resolution 
X-ray spectroscopy of highly charged ions using a crystal spectrometer has 
been performed at Tokyo electron-beam-ion-trap (Tokyo-EBIT). Hard X-ray 
spectra (a few A in wavelength) from Ne-like ions were m easured for high-Z 
elements. Measured wavelengths of strongest electric dipole lines are 
significantly different from predictions of state-of-the-art theories for heavier 
elements of Z > 60. As for tungsten, some m easurem ents with calorimeters 
and Bragg-crystal spectrometers have been performed. However spectral 
resolutions of these m easurem ents are ra ther low.

5. China-Japan joint seminar (AMPP2012)

As one of the activities of JSPS-NRF-NSFC A3 Foresight Program in the 

field of Plasm a Physics (NSFC- No.11261140328), Japan-China Joint 

Sem inar on Atomic and Molecular Processes in Plasm a was held on July 30 -  

August 4, 2012, in Lanzhou, China, organized by Profs. Chenzhong Dong 

(NWNU, China) and Fumihiro Koike (Kitasoto Univ., Japan). The proposal of 

the present joint sem inar has placed its intention not only on the 

presentations of the collaborative studies, but also on offering an opportunity 

for the wide range of researchers from both countries to be acquainted with 

each other, who would have made an extensive exchange of information 

about the recent progress of the research activities, and also would have 

made an extensive discussion about the plan of the future collaborations.

In the present seminar, the total number of 31 oral talks was presented by 

experts from Japan, China, Germany and Ireland. The total num ber of the 

officially registered participants was 37, in which 14 from Japan, 21 from 

C h i n a , 1 from Germany, and 1 from Ireland. Topics cover spectroscopic 

properties of atoms and ions in the plasma, the collisions of electrons or ions 

with atoms or ions in the plasma, the analysis and diagnostics of the 
confinement fusion plasm a especially for the properties of tungsten atoms 

and ions, and, further, topics from wide area of atomic physics related to 

plasma. Proceedings will be published in a coming issue of NIFS-PROC
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Fig.1 A  spectrum of emission lines from Highly charged tungsten ions observed at 

L H D  (shot No. 108785). The scale on the right hand side of the top panel shows 

photon counts per pixel of the C C D  detector.

The 4th China-Japan Joint Seminar on Atomic and Molecular Processes in Plasma
jui. -1.aiiz.

Fig.2 Group photo of AMPP2012.
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