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Theory of the bound-electron g-factor
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Quantum electrodynamic (QED) effects in strong fields can be scrutinized to high precision in Penning trap
experiments: a recent measurement yielded a value
for the g-factor of hydrogenlike silicon with a 5×10−10 fractional uncertainty, allowing to test certain higher-
order QED corrections for the
first time [1]. The measured g-factor is in excellent agreement with the state-of-the-art theoretical value,
which includes QED contributions up to the two-loop level of the order of (Zα)2 and (Zα)4. At the above
experimental accuracy, also nuclear structural effects start to be visible. We determined the nuclear root-mean-
square radius of 28Si from the comparison of experimental and theoretical g-factors and found agreement to
tabulated values within our limits of error [1]. As a further nuclear contribution, we investigated the influence
of nuclear
deformation, and found the leading correction to become significant for mid-Z ions and for very heavy ele-
ments to even reach the 10−6

level [2].

Furthermore, we present theoretical results of a recent determination of the electron mass via measurement
of the Larmor and cyclotron frequencies in a 12C5+ ion confined in a Penning trap [3]. The electron mass was
determined with a relative uncertainty more than an order of magnitude better than the established literature
value by means of comparison of the theoretical prediction for g

(
12C5+

)
and the experimental frequencies.

In order to reduce the uncertainty on the theory’s side, the unknown two-loop higher-order correction to
g
(
12C5+

)
was estimated. The electron mass is closely linked to other fundamental constants, such as the

Rydberg constantR∞ and the fine-structure constant α. Thus the current improvement of its value paves the
way for future fundamental physics experiments and further precision tests of the Standard Model.
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