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Precision measurements of transition wavelengths for resonance Rydberg series of two-
electron ions provide valuable tests of ab initio methods for calculating atomic structure. Such
investigations become especially interesting for the multicharged ions because in such cases
both electron correlation effects and relativistic corrections are important. The largest effects
of electron correlation occur for the 1s orbital. However, most of the experimental tests of
atomic structure calculations for two-electron ions have measured n = 2 — 2 transitions, for
which the 1s contributions largely cancel. There are some precision measurements of n =2 —1
transitions, but these transition energies contain significant correlation and QED terms for
both n = 1 and n = 2 orbitals. Because these contributions drop rapidly with n, measure-
ments of ground state transitions from high-n levels directly test theoretical calculations of the
ground-state ionization energy.

Experiments were carried out at the "nhelix —laser” installation (nano second high energy
laser for heavy ion experiments) at GSI in Darmstadt, Germany . The ”nhelix” is a Nd-
glass/Nd-Yag laser (Aj,s = 1.06pum) with the duration of pulse of 15 ns and an energy up to
100 J. The present experiments however were performed with an energy of 50 J. The laser



radiation is focused with a plane-convex lens (diameter 100 mm, focal length f = 130mm)
into a solid teflon (C'F;) or magnesium targets. In order to obtain different laser intensities
into the target, the distance between the lens and the target was changed (movement of lens).
Investigation of the intensity inside the focus showed that no hot spots appeared.

Quantitative information on X-ray plasma emission was obtained with the help of FSSR-
2D spectrometers [1]. These spectrometers employed a mica crystal with lattice spacing d; =
9.95746 A (for the first order of reflection) and d,=9.96875 A (for the second order of reflection),
which were spherically bent to a radius R = 100 and R = 150 mm. The resolving power of the
instruments were about AX/X = 4000-5000 for the spectral range 12-15 A and AX/X =6000-
8000 for the spectral range 7-8 A. The spatial resolution of spectrometers were about 20-40
pum. The spectral bands investigated in our experiments were 12.5-15.2 A (in the first order of
crystal reflection) and 7.08-8.2 A (in the second order of reflection).

The absolute accuracy of our wavelength measurements is about 0.6-1.6 mA for 1snp ' P, —
152 lines of F VIIT with n = 4 — 8 and is about 0.4-0.6 mA for 1snp ' P, — 12 lines of Mg XI
with n =4 — 9 (Table 1). The Rydberg series is used to determine the ground-state ionization
energy of Mg XI and F VIII. This method gives: E;,(F VIII) = 953.964+0.11€V, E;p, (Mg XI)
= 1761.8740.15¢V .

Table 1: Wavelengths of 1snp ' P, — 1s? transitions in He-like F' VII and Mg XI, A.
Lines F VII Mg XI

1s9p ' P, — 1s* 7.1200(10)
1s8p 1P —1s? 13.1848(8)  7.1410(6)
1s7Tp P —1s* 13.2419(15)  7.1736(
1s6p ' P — 1s* 13.3347(16) 7.2239(
1shp 1P —1s*  13.4885(8)  7.3098(
1sdp 1P —1s? 13.7815(6)  7.4729(4

5)
5)
5)
)

The theoretical calculations were carried out in the present work by three different and in-
dependent methods, namely, 1) the relativistic Hartree-Fock method (HFR), 2) the relativistic
multi-configuration Dirac-Fock (MCDF) method and 3) the 1/Z expansion method to obtain
the most accurate solutions of the non-relativistic wave equation with including relativistic,
quantum electrodynamics (QED), and set of corrections due to size and mass effects by per-
turbation theory [2]. In particular, the method of expansion in the parameter 1/Z provides
the inclusion of the higher-order relativistic effects and QED corrections. Radiative correc-
tions to the 1s? 'S, -state are analyzed and compared with experiments. It is found that
QED-corrections to the ground-state ionization energy are significant at the present level of
experimental accuracy.
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