
Excitation of Low-Energy Nuclear States at High-Energy
Storage Rings

J Jin1, H Bekker2,3, T Kirschbaum4, Y A Litvinov5, A Pálffy4, J Sommerfeldt6,7, A Surzhykov6,7,
P G Thirolf8, and D Budker2,3,9

1Department of Electrical and Computer Engineering, Princeton University, Princeton NJ, USA
2Helmholtz-Institut Mainz, GSI Helmholtzzentrum für Schwerionenforschung, Mainz, Germany

3Johannes Gutenberg-Universität Mainz, Mainz, Germany
4Department of Physics, Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany

5GSI Helmholtzzentrum für Schwerionenforschung, Planckstrasse 1, Darmstadt, Germany
6Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
7Technische Universität Braunschweig, Braunschweig, Germany

8Fakultät für Physik, Ludwig-Maximilians-Universität München, Garching, Germany
9Department of Physics, University of California, Berkeley, Berkeley CA, USA

Contact Email: budker@uni-mainz.de

229Th with a low-lying nuclear isomeric state is an essential candidate for a nuclear clock as well as
many other applications. Laser excitation of the isomeric state has been a long-standing goal. With
relativistic 229Th ions in storage rings, lasers in the visible or infrared range can be used to excite 229Th
isomers, facilitated by the tunability of both the laser-beam and ion-bunch parameters [1]. Notably, the
expected nuclear hyperfine mixing (NHM) effect in H- or Li-like 229Th ions (see, for instance,[2]) offers
novel opportunities of exciting thorium isomers. In the direct resonant excitation scenario, the significantly
reduced isomeric-state lifetime in H- or Li-like 229Th ions would correspond to much higher excitation
rates compared to bare thorium nuclei [3]. Furthermore, the NHM effect allows for the excitation of
transitions that change both the electronic and nuclear states simultaneously [4].

In this talk, we will discuss laser excitation of relativistic 229Th ions at storage rings and present the
possibility of exciting the isomeric state in Li-like 229Th ions using electronic transitions.
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