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We focus on the theoretical modelling of the dynamics of ion-neutral systems at ultracold temperatures (« 1K)
in order to design ways for their full quantum control. Our aims are connected to experimental investigations
of alkaline earth ion - alkali atom systems with hybrid traps. Due to the laser cooling scheme a metastable
d-level of the alkaline-earth ion is considerably populated in these experiments, e.g. in case of 88Sr+ ion em-
bedded in the cloud of ultracold 87Rb atoms [1] or 138Ba+ in 6Li cloud [2]. The large internal energy of the ion
induces several inelastic processes like charge-exchange, spin-orbit change collisions or electronic excitation
exchange.
We compute cross sections and rate coefficients for these processes within the framework of the quantum
coupled-channel model considering the fine-structure of the colliding partners and the rotational coupling.
Our calculations involve potential energy curves including the determination of R-dependent spin-orbit cou-
plings (see Figs. 1, 2) following a diabatization approach [3].
Fig.1: Selected Hund’s case (a) LiBa+ potential energy curves in the molecular frame. The red shadow shows
the location of an avoided crossing of 21 Σ and 31 Σ responsible of the non-radiative charge exchange (NRCE)
process (red arrow): Li(2s)+Ba+(5d) → Li++Ba(6s2,1S) .
Fig.2: The R-dependent spin-orbit couplings of the first 3 dissociation limits, based on Ω=0+/-, 1, 2, 3 the
projection of the total angular momentum on molecular axis.
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