Experiments with cold, trapped Rydberg atoms and molecules
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Atoms and molecules in Rydberg states of high principal quantum number can possess electric dipole
moments greater than 1000 Debye. As a result, large forces can be exerted on samples in these
states using inhomogeneous electric fields. The development of methods with which to exploit these
forces to decelerate and trap beams of Rydberg atoms and molecules has led to the realisation of a
new set of experimental tools, including mirrors [1], lenses [2] and traps [3,4] which have
applications in several areas of research. These includ, e.g., the preparation of gas-phase molecular
samples with translational temperatures below 1 K for low energy collision studies and precision
spectroscopic measurements [5], the study of slow molecular decay processes, the investigation of
the interactions of atoms and molecules with surfaces, and the manipulation of antihydrogen atoms

[6].

In this talk the application of these techniques to the preparation of cold, electrostatically trapped
samples of molecular hydrogen [5] will first be presented, before the extension of this work to the
manipulation of samples of Rydberg atoms and molecules in the vicinity of surface-based electrical
transmission lines will be discussed. It will be demonstrated that (i) these samples can be probed
spectroscopically using microwave fields propagating along the transmission lines [7]; and (ii) beams
of helium Rydberg atoms can be electrostatically guided in the static electric field distribution which
can be generated in the vicinity of a transmission line of this kind.
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