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A continuous-wave laser at 148
nm for the Th-229 nuclear clock
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The exceptionally low-energy isomeric transition in Th-229 at around 148 nm offers a unique
opportunity for coherent nuclear control and the realization of an ultra-stable nuclear clock.
Recent advances, most notably the incorporation of large ensembles of Th-229 nuclei in
transparent crystals and the development of pulsed vacuum-ultraviolet (VUV) lasers, have
enabled initial laser spectroscopy of this transition. However, the absence of an intense, narrow-
linewidth VUV laser has been the critical missing element.

In this talk, | will present our proposal [1,2] and experimental realization [3] of the first
continuous-wave laser at 148 nm, generated via four-wave mixing in cadmium vapor. Our source
delivers more than 100 nW of power with a linewidth well below 100 Hz and supports broad
wavelength tunability. We develop a spatially resolved homodyne technique to place a stringent
upper bound on the phase noise induced by the nonlinear process and demonstrate sub-hertz
linewidth capability. This development eliminates the final technical hurdle to a Th-229-based
nuclear clock and opens new frontiers in quantum metrology, nuclear quantum optics and
precision tests of fundamental physics.
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