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Extended Abstract  
 

The existence of a nuclear isomeric state in 
229

Th at about 8 eV excitation energy has stimulated the development of novel 

ideas in an experimentally unexplored domain of atomic and nuclear physics where the nuclear excitation energy is in the 

same range as transition energies of valence electrons. An optical nuclear clock, using a -transition that is resonantly driven 

by a tunable laser as a reference - instead of a transition in the electron shell - offers advantages like an insensitivity against 

field-induced systematic frequency shifts and the opportunity to obtain high stability from interrogating many nuclei in the 

solid state (see [1] for a recent review).  

 

While the decay of the 
229

Th isomer has recently been observed through the emission of an internal conversion electron in 

contact with a surface [2], an optical detection of the isomer's excitation or decay is still missing. While the expected natural 

linewidth is 1 mHz or less, the transition wavelength in the vacuum-ultraviolet is presently known only with a large 

uncertainty as 160(10) nm from -spectroscopy.  

 

Our approach to achieve laser excitation of the isomer is to use two-photon laser excitation via electronic bridge processes in 

trapped 
229

Th
+
 ions [3,4]. The high density of electronic states in the energy range of the isomer promises a strong 

enhancement of the excitation rate.  We have measured the hyperfine structure and isotope shifts of resonance lines that are 

suitable as first stages of the electronic bridge excitation and can be used to infer nuclear moments of the isomer [5]. We 

prepare to measure the nuclear moments of the isomeric state in cooperation with the Maier-Leibnitz-Laboratorium at LMU 

Munich [2], using hyperfine spectroscopy of trapped Th
2+ 

recoil ions, where the isomeric state is populated via α-decay from 
233

U.  This will enable a more precise prediction of essential parameters of the nuclear clock, like the radiative linewidth, the 

sensitivity to field-induced frequency shifts and the sensitivity to the value of the fine structure constant.   
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