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Pairing integrated photonics with surface-electrode ion traps is an emerging technology, potentially opening
the way to build novel architectures for quantum information processing [1, 2, 3]. Other than solving the
scalability issues presented by individual addressing of multiple ions with free-space laser setups, it allows
engineering the optical fields coupled to the ions and hence exploiting particular properties of the ion-light
interaction.

Here we present a surface-electrode Paul trap where “°Ca™ ions are illuminated with two interfering beams
at 729 nm forming a standing wave. The light is delivered to the trapping zone by silicon nitride waveguides,
and coupled out of the chip with grating couplers. The beams intersect at z = 50 pm above the chip, where
the ions are trapped. Additional waveguides are used to send repumper light at 854 nm and 866 nm [2].

The beams are sent along the trap axis = and are linearly polarized along the orthogonal direction y. The
field near the intersection of the two beams can be modeled by two interfering plane waves, Ey(r) =
Eo(eik==tken) 4 pilkzz=ke)y — 9 0tR=2 cog(k,x). This configuration modulates the field intensity along
the trap axis, as well as the orientation of the electric field gradient 0; E,. Light at this wavelength is reso-
nant with the quadrupole transition between |45 2) and [3D52), whose coupling strength depends on the
relative alignment between the external magnetic field and the field gradient, which then can be tuned by
appropriately positioning the ion in the beam profile.

We probe the optical field with sub-wavelength resolution scanning the position of a single ion through the
standing wave, and observing Rabi oscillations for transitions with Am; = 0, —1, —2. We measure both the
Rabi frequency of the resonant optical coupling and the differential AC Stark shift induced by off-resonant
coupling to other transitions, for both the carrier and the first motional sidebands transitions. We observe
that a position that maximizes the carrier coupling suppresses the sideband, and vice versa [4], although the
maximum carrier coupling is located at an intensity node, antinode, or in between, depending on the choice
of carrier transition.

The study of the interaction of such a light field with single ions is relevant in the context of achieving faster
and lower error Mglmer-Serensen entangling gates with suppressed off-resonant carrier coupling [5], and for
exploring laser cooling in unusual regimes.
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