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We present the results of combined experimental and theoretical investigations into cold reactive
collisions between laser- or sympathetically cooled ions and Rb atoms in an ion-atom hybrid trap.
We compare the collision systems of Ca* + Rb [1,2] and Ba* + Rb [3], in which both species are laser
cooled, and find that for both systems the rate of reaction is considerably enhanced in electronically
excited channels. These observations are rationalised with reference to computed potential energy
curves, calculated using high level electronic structure methods. We find that radiative processes
play an important role in both systems, verified by the observation of the radative association
@ducts CaRb* and BaRb*, and rationalised using quantum scattering calculations.

4 Abstract and motivation I

We also compare these results on atomic ion systems with collisions of sympathetically cooled N,*
molecular ions in their vibrational ground state with ultracold Rb atoms, with average collision
energies (<E,>/kg) down to 20 mK [4]. To our knowledge, this is the first time that reactive collisions
with molecular ions have been studied at mK energies. We find that the reaction rate is a factor of =4
faster than the Langevin rate from the Rb (5p) state, and is two orders of magnitude faster than in the
atomic Ca* + Rb system. The fast rate is explained by a near resonance between entrance and product
channels at short range, and the strong charge-quadrupole interaction in the Rb (5p) + N,* entrance
channel at long range. A classical capture model including these effects reproduces the observed raty

- Hybrid ion

microscope

*Ca* and Ba* ions are formed by non-resonant multiphoton
ionization at 355 nm of atomic beams.

*Ca* and Ba* ions are laser cooled in a linear Paul ion trap down to
780nm average kinetic energies of ky ¢ 20 mK, and form Coulomb crystals
whose spatially resolved fluorescence (blue in F1 and F2) is
collected on a CCD camera.

*Rb atoms are laser cooled and trapped in a magneto-optical trap
(red in F1and F2).

*The two traps are overlaid in space and time to form the hybrid
trap (F1).
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*Reactions are monitored by observing the decrease in ionic
reactant volume following a pseudo-first-order rate law (F2a),
and second order rate constants are determined using the
average Rb density.
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*Cross sections from quantum scattering calculations show
RA dominates in the ground state channel (F13(d)), and that
shape resonances are predicted, but are not observed
experimentally due to low collision energy resolution.
*Collision energy was varied in the same way as for Ca* + Rb
above, and showed a similarly flat dependence (F13(c)), with i
velocity averaged theoretical rate constants showing a 5000
similar dependence (F13(e)).
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) (2013) by non-adiabatic and radiative effects. Unusual chemical processes such as radiative association,
and subtle intermolecular forces like the charge-permanent quadrupole interaction become
particularly important at ultralow temperatures. Further experiments will control the rovibrational
state of molecular ions [5], and also feature improved energy variation methods which allow a
better energy resolution.




