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Confining ions in optical dipole traps is a relatively new approach aiming to combine the most prominent advantages of ions or Coulomb crystals with those of optical traps developed for trapping and manipulating ultracold
neutral atoms. On one hand, ions feature long-range interaction by means of the Coulomb force and allow for control and coherent coupling of their motional and electronic degrees of freedom on the quantum level [1]. On the
other hand, in comparison to the well established radio-frequency (rf) traps, light fields provide versatile nanoscale
potential landscapes and state-dependent confinement.
We report on recent experiments demonstrating optical trapping of 138 Ba+ ions for durations of up to a few
seconds [2]. The observed lifetimes approach the performance of optical traps for single neutral atoms, improving
upon previous results by 3 orders of magnitude [3],[4]. In addition, we find that the prolonged lifetimes are
accompanied by low heating and electronic decoherence rates.
More recently, we have extended the presented approach to optically confine multiple ions in a focused beam
dipole trap. We investigate the preservation of order in linear strings consisting of up to six ions (as shown in Fig.
1), determine their temperature, and confirm that the ions form one-dimensional Coulomb crystals by performing
spectroscopy within the optical dipole trap [5]. The demonstrated properties may be useful for novel experimental studies of many-body physics, investigations of structural quantum phase transitions in Coulomb crystals, and
experimental quantum simulations with ions and atoms. We will discuss the prospects of the presented methods
for entering the previously inaccessible regime of ultracold interactions in ion-atom collision experiments, where
optical trapping of ions may provide trapping potentials while avoiding undesired implications of conventional ion
traps, such as rf-driven motion and heating [6],[7].
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Fig. 1: (a) Set-up for optical trapping of linear ion Coulomb crystals. (b) Images of ion crystals at the end of
the preparation phase and after optical trapping. The circles mark the positions of sympathetically cooled barium
isotopes other than 138 Ba+ which are embedded into the crystal and appear dark in the image.
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