Visible M1 transitions in 4 f open shell heavy ions
observed with an electron beam ion trap
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Synopsis We present visible spectra of silverlike (4d'94 f), cadmiumlike (44'%4 f2), and indiumlike (44'%4 f3) ions of holmium
(atomic number Z = 67), erbium (68), and thulium (69) observed with a compact electron beam ion trap. The observed
wavelengths are compared with theoretical values calculated using relativistic many-body perturbation theory and relativistic

CI + all-order approach.

Visible transitions in highly charged heavy ions
are demanded by several areas. For example, transi-
tions in highly charged tungsten ions are in strong
demand from the diagnostics of the fusion reactor
plasmas [1]. Although all the wavelength ranges, in-
cluding short wavelength ranges such as EUV and
x-rays, are important for the diagnostics, transitions
in the visible range are especially demanded due to
the advantage that a variety of common optical com-
ponents, such as mirrors, lenses, and fiber optics, can
be applied. In recent years, an optical clock utiliz-
ing visible transitions in highly charged ions has been
proposed as a potential candidate for an accurate and
stable clock that has an excellent sensitivity to the
fine structure constant variation [2].

In these applications, 4 f open shell ions are of-
ten planned to be used. Thus several efforts have
been maid both experimentally and theoretically to
observe and identify visible transitions in such ions.
However, complex energy level structures make it
difficult to identify the observed emission lines. The-
oretically it is a kind of challenging work to calculate
the fine structure energy splitting precisely. In the
present study, we present visible spectra of 4d'04 f"
(n =1-3) configuration ions for the atomic number
Z =67-69 to understand the complex energy level
structures systematically.

In the experiment, a compact electron beam ion
trap, called CoBIT [3], was used for producing and
trapping ions. Elements of interest were injected into
CoBIT as a vapor by using an effusion cell operated
at 700 - 950 °C depending on the element. The emis-
sion excited by an electron beam was observed with a
commercial Czerny-Turner type of visible spectrom-
eter (Jobin Yvon HR-320).

Figure 1 shows typical spectra obtained for
holmium (Z = 67). Based on the electron energy de-
pendence and the time of flight analysis, the charge
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state has been assigned to each observed line. We
have also made theoretical calculations of the wave-
length and the transition probability using relativistic
many-body perturbation theory [4] and relativistic CI
+ all-order approach [5]. Generally good agreement
is obtained between the experimental and the theoret-
ical wavelengths.
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Figure 1. Spectra of holmium ions observed with a
compact electron beam ion trap at electron energies of
450, 490, and 510 eV. The lines indicated by arrows are
assigned to the charge state shown in the legend.

References

[1] C. H. Skinner 2008 Can. J. Phys. 86 285

[2] J.C. Berengut et al. 2010 Phys. Rev. Lett. 105 120801
[3] N. Nakamura et al. 2008 Rev. Sci. Instrum. 79 063104
[4] U. I Safronova et al. 2011 J. Phys. B 44 035005

[5] M. S. Safronova et al. 2009 Phys. Rev. A 80 012516


http://www.nrcresearchpress.com/doi/abs/10.1139/p07-100
https://doi.org/10.1103/PhysRevLett.105.120801
http://dx.doi.org/10.1063/1.2939393
https://doi.org/10.1088/0953-4075/44/3/035005
https://doi.org/10.1103/PhysRevA.80.012516
mailto:n_nakamu@ils.uec.ac.jp

