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Higher-order effects of electric quadrupole fields on
a single Rydberg ion
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Abstract
Rydberg ions have large dipole and quadrupole polarizabilities whichmakes them extremely sensitive to exter-
nal electric fields[1][2]. As a result, an ion in the Rydberg state experiences altered trapping potential which
leads to motion-dependent Rydberg excitation energies[3]. Higher the Rydberg state more is the sensitivity
to the electric quadrupole trapping fields. The oscillating trapping field induces an energy shift in these states
which oscillates at the trap drive frequency and generates sidebands in the spectrum. Unwanted couplings to
these field-induced sidebands reduces the fidelity of Rydberg ion quantum gate operations.
Here we study the higher order effects of the quadrupole electric filed on a single trapped Sr+ Rydberg ion
confined in a Paul trap, which arises due to the quadrupole polarizability of the Rydberg states. The effects
were investigated on nS 1

2
and nP 1

2
states and resonance shifts and spectral sidebands were observed experi-

mentally. The Rydberg excitation energies depend quadratically on the trapping RF field amplitude. For the
nS 1

2
state the first order spectral sidebands weremuchweaker whereas in thenP 1

2
state the spectrum showed

a forest of sidebands. All results are in good agreement with theory[4].
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