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The ability to manipulate the translational motion of atoms and molecules using radiation and
inhomogeneous electric and magnetic fields offers new opportunities for precision atomic and
molecular spectroscopy and collisional studies. The talk will present the results of recent
experiments on cold samples of few-electron molecules generated by supersonic-beamdeceleration techniques. The use of these techniques to produce cold samples will be
illustrated by experiments on molecular hydrogen and helium.
The interest of precision measurements on few-electron molecules results from the fact that
the properties of these molecules can be calculated extremely precisely using ab initio
quantum-chemical methods which include the evaluation of relativistic and quantumelectrodynamics contributions. The comparison of experimental and theoretical results in
these systems thus enables rigorous tests of the theory, potentially only limited by the
uncertainties in fundamental constants (1,2,3). The talk will focus on recent unpublished
precision spectroscopic measurements of the Rydberg spectrum of He2 using a cold, slow
beam of metastable He2 produced by multistage Zeeman deceleration (4). Rydberg-series
extrapolation using multichannel quantum defect theory and parameters determined in Ref.
(5) enabled the determination of the energy level structure of He2+ with unprecedented
precision. The comparison with the latest ab initio calculations (6) provides information on
the magnitude of relativistic and QED contributions to rovibrational energies in He2+. The
advantage of using multistage Zeeman deceleration does not only result from the longer
transit times of the decelerated molecules through the radiation field. The spin-rotational state
selectivity of the Zeeman deceleration process can also be exploited to reduce the spectral
congestion, minimize residual Doppler shifts, resolve the Rydberg series beyond n = 200, and
assign their fine structures.
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