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Frequency Standards  An allowed, two-photon E1-M1 transition from the 
1S0 ground state to the 3P0 clock state creates a 
more portable optical frequency standard than the 
current generation of optical clocks. It can be 
implemented in thermal vapor cells. Improvements 
in frequency standards advance metrology for ev-
eryday applications such as GPS and for tests of 
fundamental physics. 
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based on the electric dipole E1 forbidden 
1S0 > 3P0 transition require either hyper-
fine structure or an applied magnetic 
field to induce mixing of the 3P0 and 3P1 
levels.  A two-photon excitation couples 
the 1S0 ground state to the 3P0 clock state 
through an allowed E1 and M1 excitation 
sequence. 
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