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3. Measurement Results

® Spectroscopic measurements of tungsten ions have been conducted in the Large Helical 3-1. Newly observed W**-W*"* X-ray spectrain 3.7-4.0 A
Device (LHD) using tungsten pellets to investigate high-Z impurity transport in fusion e e e et B e S R R S e | Ages (A) | Apac (A) | WO | Lower level | Upper level | Ref.
plasmas and to expand the spectral database. 3.7204 |3.7212 |43+ |3d1%4s24p |3d%s24p7f | C-Mod
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® Numerous emission lines with W42*=W4"* are newly observed in the X-ray

wavelength range of 3.7-4.0 A. wer 3.7691 A represents a new charge state
region for the LHD experiment.
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e Possibility of SImultaneous measurement for W emission Intensity, S — R . wolimb=dfinllll | 3.8033 | 3.8048 310 3d%f NIST
' . :|IIIIIIIII|IIIII|IIII|IIIIIIIII|IIIIIllIl|IIlIIIlII|llIIIIIII|IIIIIIIII|IIIIIIIIII|IIII IIII|IllIIIIII'IlIlIIIII|IIlIIllII|IIIIIIIFII|lI]-_ 3.8555 3.8567 45+ 3d104s 3d9486f NIST
lon temperature, Ti’ and electron temperature, Te’ have been demonstrated as follows. 25F W 5 ik 28784 138805 30 06T cvod
- W4 line intensity is useful as an indicator of tungsten impurities in the electron S 20F — w E G d '

=1ty d4 4 keV d P £ sk W ; v ¥ 1§ |3.8956 |3.8941 310 3d9d C-Mod

témperature region around 4 kev. | | S E 13 [3.9098 [3.9098 |44+ |3d04s?  |3d%s?%f  |NIST

- In T. measurement using Doppler broadening of W46+ 3.8784 A, accurate evaluation of the = 1-°§‘ 73 [3.9330 |3.9334 |45+ |3dW%s 39456 NIST
instrument function, 4A,., is extremely important. 0.5F iL: 3.0655 |3.9664 |43+ |304s24p |3d%4s?4p6f | C-Mod
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- W46+ 3.8784 A / 3.8956 A ratio is useful for T, measurement. 372 374 376 378 380 3.82 3.84 3.8 3.88 390 392 394 3.9 3.9751 |3.9694 |44+ |3d104s? 3p53d1%4s25d | C-Mod
A (A) [NIST] A. Kr_amiQa et al., NIST Atomic Spectra D_atabase (_version 5.12),
1 I ntro d UC t| on ® H working gas, H neutral beams, R,, = 3.6m, B, = 2.75 T (CCW in the top view) Qtetgﬁn’gﬁggi'Cé;:;ﬁte?;’k‘)’lﬁfgdl\%25 Sep. 22), National Institute of Standards and
- ® Spectra of W ions measured by an X-ray crystal spectrometer (XCS) during the [C-Mod] J. E. Rice et al., J. Phys. B: At. Mol. Opt. Phys. 54, 095701 (2021)]

® Tungsten (W) is regarded as a leading candidate material for the plasma facing component in ITER and
future fusion reactors.
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time period when T, was around 4 keV. (AT T Tout uridenttied Wi
: or newly observed but unidentifie ines
® 10 discharges were mer ver the 3.7 —4.0 A wavelength range. XCS
YCIEREIR S I SO ET IS 0 avelengih range 3.7082, 3.7101, 3.7129, 3.7477, 3.8199, 3.8239,

® |dentification of charge states by comparison with calculations using Flexible 3.8324, 3.8359, 3.8431, 3.8520, 3.8590. 3.8686,

Atomic Code (FAC) [M.F. Gu, Astrophys. J., 582 (2003) 1241.] 3.9123, 3.9290, 3.9316, 3.9346, 3.9373, 3.9396
- Calculation of energy levels, spontaneous emission coefficients, and collision cross sections

- Solve CR model with n,, T, to output emission spectrum
= Numerous emission lines with W42*=W47+ are newly observed. W47+ 3.7691 A (3p®3d°-3p®3d86f) represents a new
charge state region for the LHD experiment.

Characteristics of tungsten:
: @ High melting point
Accumulation of W 1ons at @ Low sputtering rate
higher ionization stages €D Large radiation loss due to high Z
in the core plasmas ... It is very important to investigate the behavior of tungsten in high
: temperature plasmas in order to control tungsten transport and establish
reliable operation scenarios for fusion reactors.

Transport of W W emission line measurement by spectroscopy:
ions at lower (Charge states and main emission wavelength range)

3-2. Monitoring of tungsten impurity behavior by simultaneous measurement of multiple charge states

W pellet #181191 w— T .o = 2.3 keV (t = 4.50-4.55 s)

IOnlzatlon Neutra| W atoms V|S|b|e S ectrosco §E1g — Teo =4.0 keV (t = 4.85-4.90 s) #181191 . c
stages in the ' b by £ s _ 40preer e ey ® Temporal evolution of (a) heating power of ECH and
£ edge plasmas | W ions at lower ionization stages: VUV spectroscopy I oo 2 § NBI, (b) Toq and ng, emission intensities of (c) UTA
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€ = o3 41+ 45+ 46+ 47+
el - : | .. Simultaneous measurement of a wide range of wavelengths and " ,:;1_2 < from W= to W, (e) W™, and (f) W,
We etase ci): _neuttr:a charge states is required for a comprehensive understanding of the (& T e, ® (c-8) and (1) are observed in the EUV and X-ray
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Production and transport processes of Large Helical Device (LHD) for contribution to the tungsten transport 58 2 ;—ij‘;j 60.93x 2 A o . F 1 @ For T, < 3 keV, the UTA at 45-55 A of W27+—\\42+
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Large Helical Device Z 4 = W47+ is useful as an indicator of tungsten
- A superconducting plasma confinement device with a heliotron magnetic configuration 38 : = Impurities in the electron temperature region
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- positive ion source (p-NBI): NBI#4, #5 3-3. lon temperature measurement using Doppler broadening of a W4%* line
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: 3-4. Electron temperature measurement using a W4%* line intensity ratio
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