Trapping Rydberg helium atoms
above a 44-electrode chip device
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Atoms and molecules excited to Rydberg-Stark states can possess very large electric dipole moments µe (e.g.,
for n = 27 the maximal electric dipole moment µemax ≈ 2700 D) and are thus amenable to translational manipulation with inhomogenous time-dependent electric fields. In particular, deceleration and trapping of H, D, H2 and
He samples generated in supersonic-beam sources and excited to Rydberg-Stark states in the vicinity of n = 30 has
been demonstrated in experiments using 3D electrode structures [1],[2], as well as chip-based printed-circuit-board
devices [3].
We present the results of experiments in which Rydberg helium atoms produced in a supersonic beam are decelerated and trapped above the surface of a 44-electrode chip kept at a cryogenic temperature. A fraction of the
atomic population survives as long as 0.5 ms in the trap, an order of magnitude longer than in previous studies [3].
The helium atoms are first excited to the metastable 1s2s 3 S1 state in an electric discharge located at the exit of a
pulsed valve. After passing through a skimmer, the atoms are excited in the presence of an electric field to a lowfield-seeking Rydberg-Stark states of the n = 27 manifold (typically |n, k, ml i = |27, +19, 1i, where k is the label
of the Rydberg-Stark state) in a one-photon excitation scheme. After excitation, the atoms fly over the 44-electrode
chip, kept at 4.7 K, where they are captured in a moving quadrupole trap and brought to rest from a typical initial
velocity of 880 m/s in approximately 112 µs and deceleration distance of 36 mm. After being held in the trap for
a variable trapping time, the Rydberg atoms are re-accelerated to 400 m/s towards the detection region where they
are detected by pulsed field ionization.
After approximately 75 µs of trapping time, during which the atoms fill up the available phase-space, we measure a trap life-time of approximately 180 µs, significantly longer than the fluorescence lifetime of the |27, +19, 1i
state of ∼ 48 µs. This prolonged trap lifetime could be attributed to m−changing collisions of the atoms inside the
trap, as described in Ref. [2], which populate high-m states. These high-m states are not accessible in direct laser
excitation and are characterized by increased lifetimes, as a consequence of the reduced number of lower states to
which they can decay. We further investigate the n−dependence and temperature dependence of the trap lifetime,
as well as the collisional and radiative processes at play inside the trap.
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Fig. 1: Integrated atom Rydberg signal generated by pulsed-field ionization of atoms trapped for variable periods
before being accelerated towards the detection region.
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