
A novel idea of this work is to use UV-visible forbid-
den lines to measure Wq+ ions distributions in the Large
Helical Device (LHD). Inherently narrow natural width
of the forbidden lines is a suitable feature for identifying
a specific charge state of ions in emission spectra. In the
last LHD cycle, an M1 line of W27+ has been clearly iden-
tified, and its intensity distribution on a poloidal cross
section was measured. The measured intensity distribu-
tion was compared with calculated W27+ ion distribu-
tion.

Discharges for present measurements were started
with electron cyclotron heating followed by hydrogen
neutral beam injection (NBI) heating. In steady state,
the maximum electron temperature is about 3 keV at
the plasma center. Then, a solid pellet containing tung-
sten was injected into background hydrogen plasmas.
Time-resolved (sampling time of 38 ms at every 100 ms)
measurements were performed using Czerny-Turner UV-
visible spectrometers equipped with CCD detectors. Us-
ing an optical fiber array, photon emission was observed
at 40 lines of sight divided along the vertical direction
(Z) of a horizontally elongated poloidal cross section.

Fig. 1 shows a UV line emission measured after a
tungsten pellet injection. The line at 337.82 nm is iden-
tified as the magnetic-dipole (M1) transition, 4f 2F5/2 -
2F7/2, of W

27+ ions. This M1 line has been discovered by

using an electron beam ion trap at Fudan University 1);
its wavelength was determined to be 337.84 nm. Vertical
profile of the M1 line emission indicates a line intensity
distribution localized inside the core plasma where elec-
tron temperatures are high enough to produce the W27+

ions. In the spectrum, another three lines are also iden-
tifies as emission lines of Wq+ ions, because its vertical
profiles are similar to that of the M1 line at 337.82 nm.

Fig. 2 shows an intensity distribution of the M1 line
along the effective small radius, which is transformed
from the vertical profile. In the ionization equilibrium
assumption, W27+ ion distributions are calculated us-
ing a measured Te profile and available data for ioniza-
tion/recombination rate coefficients. ADPAK data gives
the ion distribution consistent with the M1 line intensity
distribution.
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Fig. 1: A UV line emission measured after a W pellet
injection (t=4.0 s) at the LHD. Upper: A CCD image for
Z-distribution of line intensities integrated along lines of
sight (see text). Lower: the UV line spectrum.

Fig. 2: An intensity distribution of the M1 line at 337.82
nm along the effective small radius. Upper: Te distribu-
tion. Lower: Radial distributions of the M1 line inten-
sity (dot) and W27+ ions calculated assuming the ion-
ization equilibrium with ionization/recombination rate
coefficients, ADPAK (solid) 2) and Sasaki 3) (dashed).

The spectra of photoemissions due to the transitions 
between the sub-shell levels in N-sub-shell open atomic 
ions are of interest for the strong influence from the 
interactions between the electronic state configurations 
with different constituent orbitals. Modifications in 
unresolved transition array (UTA) spectral profile has been 
pointed out [1,2], and this effect is advantageous to the 
development of practical extreme ultraviolet (EUV) light 
sources. To obtain shorter wavelength light emissions, we 
suggest to investigate heavier elements. The wavelengths of 
the 4d - 4f transitions are reported to be, for example, 7.9 
nm for Nd (Z=60), 7.0 nm for Eu (Z=63) , and 6.8 nm for 
Gd (Z=64) [3]. The 4d-4f transitions of Tb(Z=65) at 6.5 nm 
has been investigated theoretically by Sasaki et al [4].
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Fig. 1. EUV emission spectra of Sm, Er, and Yb. in 
LHD plasmas for various electron temperatures, and 
the synthesized theoretical emission spectra for 
respective elements. The upper and lower entries in 
each figure give theoretical and experimental spectra, 
respectively.

In the fiscal year 2011, we measured the emission 
spectra of Gd(Z=64) and Nd(Z=60) in detail [5,6]. In the 
fiscal year 2012, we measured the emission spectra of 
Tb(Z=65) and Dy(Z=66) in detail. We have extended 
ourmeasurement for Yb(Z=70), Er(Z=68), and Sm(Z=62) 
in the 17’th cycle experiment in this fiscal year 2013. We 
have presently covered almost the whole range of the 
atomic number in lanthanide atoms, say, for atoms with 
Z=60, 62, 63, 64, 65, 66, 68, and 71.

We compared the experimental results with elaborate 
calculations based on the MCDF method with Breit and 
QED corrections as given in Fig.1. Together with the 
previous results, we investigated the shift of the spectral 
peak with Z as shown in Fig.2.

Fig.2. Spectral shift with the change of Z
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