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Abstract

We present spectra of highly charged tungsten ions in the extreme ultra-violet (EUV) by using 

electron beam ion traps. The electron energy dependence of spectra was investigated for electron energy 

from 540 to 1370 eV. Previously unreported lines were presented in the EUV range, and comparing the 

wavelengths with theoretical calculations identified them.
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1.Introduction

Tungsten will be used as material for the divertor plates in ITER because of higher sputtering threshold 

energy for light ion bombardment, the highest melting point among all the elements, and less tritium retention 

compared with carbon based materials. However, since extremely high particle- and heat-fluxes of the 

intermittent edge plasma transport (e.g. edge-localized-mode) in ITER would cause serious damages to such 

components, tungsten is considered to be one of the most abundant impurities in the ITER plasma. Emission 

lines of highly charged tungsten ions thus play an important role in the spectroscopic diagnostics of the ITER 

plasma, and consequently the spectroscopic data of tungsten ions have been studied at several facilities [1-3]. 

An electron beam ion trap is a useful device for the systematic spectroscopic studies of highly charged tungsten 

ions [4-7]. We have constructed a compact electron beam ion trap, called CoBIT [8-10], for spectroscopic 

studies of moderate charge state ions.

On the other hand, an electron beam ion trap is a useful device for the systematic spectroscopic 

studies of highly charged tungsten ions. We have constructed a compact electron beam ion trap, called 

CoBIT [4-6], and observed extreme ultraviolet (EUV) spectra of highly charged tungsten ions.
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2.Experimental apparatus

For the spectroscopic studies of such moderate charge state ions, we have developed a new compact 

EBIT [7]. The electron energy range of the present EBIT is 100 - 2500 eV, which is suitable for this 

purpose. A schematic drawing of the present EBIT and EUV spectrometer are shown in Fig.1.The 

electron energy and current are 100-2500 eV and <30 mA, respectively. Those parameters, which are 

rather low compared to those of ordinary EBITs, enabled us to downsize the device. We adopted a high 

critical temperature super-conducting coil for the compression of the electron beam to reduce the running 

cost. The electron gun, drift tubes (DT), electron collector and extractor are fixed in the liquid nitrogen 

tank with the ceramic insulator Shapal M-soft. Because this insulator has a high thermal conductivity (90 

W/m K), the electron collector can be cooled only by the thermal conduction from the liquid nitrogen tank 

without any water-cooling channels. This also helped to downsizing the device. The CoBIT has six ports 

currently used for an EUV spectrometer, a visible spectrometer, gas injector and pinhole camera. Tungsten 

was injected from gas injector, as a vapor of tungsten carbonyl (W(C0）6）. The various charge state ions in 

the trap of the CoBIT can be selectively produced with narrow charge state distribution by adjusting the 

electron beam energy and tungsten atom vapor density. The EUV spectrometer is of a slit-less type 

especially designed for the present CoBIT. The two kinds of laminar-type replica diffraction gratings are 

used to focus the radiation on the surface of a back illuminated CCD, and the measurement wavelength 

ranges are 1-6 nm and 5-20 nm, respectively.
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Figure 1.A schematic drawing of the present EBIT and EUV spectrometer.

3.Results and discussion

We present extreme ultraviolet (EUV) spectra of highly charged tungsten ions (W XX ~ W XXXIV) 

in the wavelength range of 15〜45 A obtained with a compact electron beam ion trap. The electron energy
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dependence of spectra is investigated for electron energies from 540 to 1370 eV. Several tens of previously 

unreported lines are presented, and comparing the wavelength with theoretical calculations identifies some 

of them. Figure 2(a) shows the EUV spectra at electron energies (£e) between 540 and 1370 eV. 

Corrections for spectrometer response and detector efficiencies were applied to the spectra using catalog 

data. As seen in the figure, the overall EUV spectra show significant dependence on the electron energy. 

As the electron energy increases, the wavelength of strong emission lines shifts to shorter wavelength 

region. The charge state of ions responsible for these lines can be identified from the appearance energy in 

a similar way to the previous study [8]. In fig. 2(b), the charge state dependence of calculated wavelengths 

is shown. The solid line, dashed line, dotted line and dashed two-dot line are calculated average 

wavelengths corresponding to the 6g-4f, 5f-4d, 5g-4f and 5p-4d transition manifolds, respectively. The 

wavelength was obtained by averaging the wavelengths of all transitions in the each manifold weighted by 

their line strengths which were calculated by an originally developed collisional-radiative model 

(CR-model) [9]. The atomic data used in the model were calculated by using the HULLAC code [10] in 

so-called configuration mode. In the configuration mode, fine-structure energy levels were not calculated, 

and a configuration averaged energy of a given configuration and a total angular momentum J was 

concerned. Thus, the multiplet term and configuration interaction were not considered in this calculation. 

From the comparison, some observed lines have been identified as the 6g-4f, 5f-4d, 5p-4d and 5g-4f 

transitions of W20'354 .
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Figure 2 (a): Typical EUV spectra of highly charged tungsten ions obtained at electron energy 

Ee from 540 to 1370 eV in CoBIT. (b): The charge dependence of calculated wavelength.
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been identified as the 5f-4d, 5p-4d, 5g-4f, and 4f-4d transitions ofW27'304 as indicated in the figure.

Figure 3 shows the typical EUV spectra of highly charged tungsten ions. The observation wavelength 

ranges are from 15 to 45 and 40 to 60 A, respectively. To identify the observed lines, we have calculated 

the spectra using a collisional-radiative (CR) model[9]. From the comparison, the observed lines have
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Fig. 3. EUV spectra of highly charged tungsten ions. The upper panels are calculated CR-model spectra 

and the lower panels are experimental spectra.

We observed an unidentified emission lines which are expected from theoretical calculations from 

W26> around 100A at CoBIT. As electron energy of CoBIT is increased across the ionization energy 

(か(25+ノ=786.3eV) of W25\ new emission lines were appeared in the spectrum. These emission lines are 

identified as emission lines from W26 . In Figure 4 (a) and (b), EUV spectra of CoBIT are shown. As 

subtracting the spectrum of electron energy £e=770eV from the spectrum of electron energy £e=800eV,
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emission lines only from W26+ appears. Because the electron energy is increased to 800eV beyond the 

ionization energy of W25< (/p=786.3eV), W26’ ions were generated in the trap. Then, new emission lines 

from W26’ appear in the spectrum. In Figure 5, we show the spectrum of W26" obtained by subtracting 

spectrum of £e=770eV from spectrum of £e=800eV. Strong peak was observed at 102A and other 

emission lines were also observed at both ends of this strong peak. These lines are emission lines of W26+ 

4f5s 4f^ by electron excitation. In future, we will promote detailed studies for the spectroscopic 

diagnostics of plasma, such as electron energy dependence and electron density dependence of these.
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Fig. 4. EUV spectra of CoBIT. Electron energy of spectra (a) and (b) are 800eV and 770eV, respectively.
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Fig. 5. Subtracted W26" EUV spectrum of CoBIT.

4.Summary

We presented the measurements of the EUV spectra of highly charged tungsten ions in the 

wavelength from 15 to 180 A. From the electron energy dependence of experimental spectra, the emission 

lines of 6g-4f, 5g-4f, 5f-4d, 5p-4d, 4f-4d and 5s-4f transitions were identified. We have constructed an 

original CR model for W19'W’4* ions and these calculated spectra agree with experimental spectra of 

CoBIT.

Acknowledgement

This work is performed with the support and under the auspices of the NIFS Collaboration Research 

program (NIFS13KLPF032) and JSPS-NRF-NSFC A3 Foresight Program in the field of Plasma Physics

98



(NSFC: No.l 1261140328, NRF: 2012K2A2A6000443).

References

[1] T. Ptilitterich，R. Neu, C. Biedennann, R. Radtke and ASDEX Upgrade Team, J. Phys. B38 3071 

(2005)

[2] M.B. Chowdhuri，S. Morita, M. Goto, H. Nishimura, K. Nagai and S. Fujioka，Plasma and Fusion 

Research Vol.2, SI060 (2007)

[3] J. CJ. Clementson, P. Beiersdorfer, E.W. Magee，H.S.McLean and R.D. Wood, J. Phys. B 43 144009 

(2010)

[4] Nakamura, N. et al.\ Rev. Sci. Instrxxra. 79 (2008) 063104

[5] Sakaue, H. A. a/.: J. Phys.: Conf. Ser.163 (2009) 012020

[6] Sakaue, H. A. et ai .AIP Conf. Proc. (2012)143891

[7] N. Nakamura et al.,2008 Rev. Sci. Instrum. 79, 063104.

[8] Sakaue, H. A. et al.: A IP Conf. Proc. (2012)143891

[9] Sakaue, A. et al.: J. Appl. Phys.109 (2011)073304

[10] Bar-Shalon, A et al.: J Quant. Sped. Rad. Transf. 71(2001)179

99


