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Recent results from hyperfine spectroscopy
experiment at the ESR
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While quantum electrodynamics (QED) is usually referred to as the most accurately tested theory, its validity
for electrons in very strong fields is still not tested with high accuracy. The strongest magnetic fields available
in the laboratory are experienced by electrons in the groundstate of highly charged heavy ions which can be
probed by hyperfine spectroscopy. Even though the ground state hyperfine transition in hydrogen-like bis-
muth was observed already in 1994 [1], the significance of the experiment as a test for QED was limited by
the unknown magnetic moment distribution inside the nucleus. However, it was suggested that a so-called
specific difference between the hyperfine splittings in hydrogen-like and lithium-like ions of the same isotope
can be used to cancel nuclear structure effects and provide an accurate test of QED [2]. The transition in Li-
like Bismuth was observed for the first time in 2011 at the Experimental Storage Ring ESR located at the GSI
Helmholtzzentrum f¨ur Schwerionenforschung in Darmstadt [3]. Yet the accuracy of the result was limited by
the calibration of the electron cooler voltage, determining the ion velocity. Here, we report on improved laser
spectroscopic measurements of the hyperfine splittings in hydrogen- and lithium-like bismuth ions (209Bi82+
and 209Bi80+) at the ESR. The accuracy was improved by about an order of magnitude compared to the first
observation in 2011 [3]. The most important new feature was an in-situ high voltage measurement system
with an accuracy at the 10-ppm level provided by German metrology institute Physikalisch-Technische Bun-
desanstalt. As the dominant systematic effect, the space charge effect of the electron cooler current on the ion
velocity was determined with two independent techniques that provided consistent results. We will discuss
systematic effects, present the measured transition energies of both hydrogen- and lithium-like bismuth and
show the experimentally determined value for the specific difference in 209Bi.
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