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Theoretical study of W27+ spectra in EBIT plasma

Valdas Jonauskas 1, Aušra Kynienė, Šarūnas Masys, Romas Kisielius, Sigitas Kučas,
Pavel Rynkun, Laima Radžiūtė, Gediminas Gaigalas, Gintaras Merkelis

Institute of Theoretical Physics and Astronomy, Vilnius University, A. Goštauto 12, LT-01108 Vilnius,

Lithuania

Synopsis Corona modeling of spectral lines for the W27+ ion is performed. Energy levels and radiative transition
probabilities are calculated using GRASP2K and FAC codes. Electron-impact excitation rates are studied in the
distorted wave approximation and are taken proportional to the electric dipole line strengths.

Emission of the tungsten ions that penetrate
central regions of the fusion plasma leads to un-
desirable energy losses and has to be controlled
for the successful performance of thermonuclear
reactors. Transitions from many ions contribute
to the line-of-sight measurements in the fusion
plasma. The electron beam ion trap (EBIT) de-
vices provide a unique opportunity to study emis-
sion mainly from the desirable ionization stage
determined by the energy of the electron beam.
Such plasma features low density of electrons
that leads to the dominant population of the
ground and long-lived levels.

The aim of the current work is to investigate
the strongest lines of the W27+ ion in 2− 30 nm
wavelength range using corona model. The exci-
tations from all levels of the ground configuration
with subsequent radiative cascades are investi-
gated in this work. The total number of config-
urations included in the present study amounts
to 52, they produce 20861 levels. Energy lev-
els and electric dipole, quadrupole and octupole
as well as magnetic dipole and quadrupole tran-
sitions are calculated using multiconfiguration
Dirac-Hartree-Fock [1] and Dirac-Fock-Slater [2]
methods. The electron-impact excitation rates
from the levels of the ground configuration are
calculated at the electron beam energy of 870 eV
and the electron beam density of 1012 cm−3. The
Gaussian distribution function with a full width
at half-maximum of 30 eV is used for the electron
energy.

The investigations of the W29+ – W37+ ions
in the EBIT plasma demonstrated that rela-
tive line intensities calculated by studying ex-
citations from the corresponding ground levels
are in quite good agreement with the data from
the collisional-radiative modeling [3]. There the
electron-impact excitation rates were considered
as being proportional to the electric dipole tran-

sition probabilities because the plane-wave Born
matrix element transforms to the matrix ele-
ments of the electric multipole transition opera-
tors with additional factors. Two approaches are
used for modeling spectral lines of the W27+ ion
in this work. In the first one, electron-impact ex-
citation rates are obtained in the distorted wave
(DW) approximation. In the second approach,
the electric dipole line strengths are used instead
of the electron-impact excitation rates because
for the collision cross sections within the plane-
wave Born approximation the leading term of the
first order is proportional to the electric dipole
(spin-allowed) transition probabilities divided by
the third power of transition energy, i.e., is pro-
portional to the transition line strength.

The intensive emission of the tungsten ions
at 5 nm is determined by the 4d94f2 + 5d → 4f
transitions. Study of configuration interaction
strengths reveals that the 4d−24f2 type correla-
tion has the largest impact on these configura-
tions. All corresponding configurations are in-
cluded in corona modeling of spectral lines.

Large contribution to the spectrum is ob-
served for the transitions from the 4d94f5p and
4d94f5f configurations to the ground one at the
shorter wavelength side. The strongest lines in
the 10 − 30 nm wavelength range are formed by
the 5d → 5p, 5g → 5f , and 4d94f5p → 4d94f5s
transitions.
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