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Recoil effect corrections to g-factor and energy levels of highly-charged ions
A. Shchepetnov

Precision experiments on measuring the g-factor of few-electron ions proved to be an efficient tool for testing physical theories and refinement of fundamental constants. Over the past decade, considerable progress was made for light ions, in particular, the most accurate value of the electron mass had been obtained. Experiments with heavy ions will give an opportunity to study QED in strong electric and magnetic fields. In addition, simulaneous study of g-factors of heavy hydrogen-like and boron-like ions will allow for precise determination of the fine structure constant. Currently, preparation for the g-factor measurements of boron-like argon is performed (experiment ARTEMIS). At present, the accuracy of the theoretical value is high enough – 10-6, but falls far short of the estimated experimental accuracy – 10-9. In this work, we study the contribution of the nuclear recoil effect, taking into account the electron-electron interaction. Consideration of the recoil effect is carried out within the non-relativistic theory, which gives a close approximation for boron-like ions for small and medium Z. In the first two parts of this work the recoil correction to the g-factor of boron-like ions is considered to the first order in the mass ratio m / M, and to the zeroth and first order in 1 / Z, that is, taking into account the one-photon exchange diagrams. We also consider the effect of the screening potential. Recoil correction of zeroth order in 1 / Z is obtained both analytically and numerically using the program for the solving  the Dirac equation in the DKB-splines basis. The program is written in Fortran. In second-order perturbation theory the results are obtained for recoil correction taking into account the electron-electron interaction for different Z. The same calculations are performed with the screening (core-Hartree) potential.
The third part of this work is devoted to the finite nuclear size correction to the recoil effect on the energy levels of a hydrogen-like atom in the relativistic case. In zeroth approximation the electron is described by the Dirac equation with the Coulomb potential of a point-like nucleus. This equation is solved analytically. The finite nuclear size can be taken into account by solving numerically the Dirac equation with the potential of the finite nucleus. Recoil correction to the energy levels of the H-like and Li-like ions in the fully relativistic theory was calculated before for a point nucleus. The contribution of the finite size of the nucleus is obtained by the corresponding calculations with the wave functions for the finite nucleus. In the lowest-order relativistic approximation, the recoil operator can be modified in such a way to take into account the nuclear charge distribution in the Breit part of the operator. Numerical data were obtained for the recoil effect in the lowest-order relativistic approximation for the hydrogen-like ion, taking into account the effect of the finite size of the nucleus, in the first case only in the wave functions, and in the other case both in the wave functions and the recoil operator.
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