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Analogue quantum simulation of molecular vibronic
spectra with a trapped ion
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The analogue simulation of a quantum chemical system is challenging using conventional computers, partic-
ularly in strong vibronic (vibrational and electronic) coupling regimes when the Born-Oppenheimer approx-
imation breaks down. The vibronic terms in Hamiltonians representing ultrafast molecular dynamics can be
efficiently simulated on quantum systems with coupled internal states and bosonic modes [1]. We can use
this mapping to recast basic molecular dynamics onto our 171Yb+ ion system. The radial motional modes
of the ion behave as the vibrational modes of the molecule, while the necessary molecular interactions are
implemented using a pair of Raman beams carrying multiple frequency tones.

We implemented the analogue quantum simulation in a proof-of-principle experiment to reconstruct molecu-
lar spectra. We found the quality of the simulations were limited by the dephasing of the motional modes. The
source of dephasing was found to be the voltage noise of the radio-frequency trapping field. By implementing
amplitude noise filtering and feedback, we improved radial mode coherence times from ˜1 ms to more than
˜30 ms. This enabled us to compute the 1-dimensional Franck-Condon spectra of an SO2 molecule [2] and
demonstrate geometric phase effects in molecular dynamics [3].
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