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Experimental research on the ion-atom interactions in dilute, trapped gas systems at ultracold
temperatures is rapidly evolving towards detailed probes of the quantum dynamics of the resulting
products [1-5]. One of the main experimental goals is to thermalize an atomic ion within the ultracold
atomic gas. Despite continuous progress regarding the precise control of the trapped ion motion, reaching
the ultra-low relative energy regime (E/ks ~ 1uK or lower) for ion-atom collisions is still challenging. At
these energies, quantum effects emerge as only few partial waves contribute to the collision [6]. Due to
ion heating as a result of interactions and trap imperfections in dynamical trapping, it is experimentally
advantageous to investigate the full quantum regime at the highest possible temperatures. We therefore
focus this study on the scattering properties of ‘Li*-"Li as this is a light system, with isotopic abundance,
for going toward the quantum regime. We calculate Li*-Li potential energy curves for the electronic
ground and first excited states — XZZ*g and A%Z", respectively. Scattering phase shifts and total scattering
cross section for the “Li*-"Li collision are calculated with emphasis on the ultra-low energy domain down
to the s-wave regime. The effect of physically motivated alterations on the calculated potential energy
curves is used to determine the bound of accuracy of the low-energy scattering parameters for the ion-
atom system. Accurate large scattering lengths with their bounds are determined. The computed scattering
length for the A%Z", state, a, = 1325 a,, is positive and has well-constrained bounds. For the X2§:+g state,
the scattering length, a; = 20465 a, has a large magnitude, and it is sensitive to the restrained change of
the potential, due to the presence of a vibrational state in the vicinity of the dissociation limit. Study of
“Li*-"Li is published recently in Pandey et al. [7].
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