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Trapped ions offer a pristine platform for quantum simulation and computation using hyperfine,
optical, and metastable qubits. Yb™ ions have a complex atomic structure due to transitions
involving electrons from the f orbital closed inner shell. This allows for the existence of highly
excited states that can be useful for repumping, detection, and state preparation in the metastable
qubits encoded in the 4f1*5d 2D3/2,2Ds/2, and 4f 13652 2F7, states. We report spectroscopic and
time-resolved data to characterize the atomic state 4f'*(*Fg/,)5d6s(* D)*[5/2]s/,. We observed
an unexpectedly narrow transition from the metastable 4f1*5d 2D3,2 and 2Ds2 states, with a
measured lifetime of T = 38.4(9) us that allows visible Rabi oscillations and sideband resolved
spectroscopy. We also report measurements of the branching ratios to 2D3,2 (0.36) and 2Ds2 (0.64)
states. By observing the steady state population at long timescales, we place an upper bound of
0.002 on the branching ratio between [5/2]s/ state and the 413652 2F7,, state. Our measurements
contribute to a better understanding of the atomic structure of Yb* ions, which still lacks accurate
numerical methods to predict atomic properties.
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