Calcium, barium and europium cations embedded in the solid rare gas: modeling of stable sites and spectral properties 
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This work is devoted to the development of methods of theoretical modeling of atomic cations embedded in the solid rare gas. These systems attract attention due to multiple reasons. There are several actual problems of great interest, particularly Ba+@Xe and Eu+/-@Xe. The former is strongly related to EXO experiments [1] devoted to the search of the neutrinoless double-beta decay, while the latter shows abnormal ionization properties [2], which must be explained. From the theoretical point of view, charged atoms surrounded by inert gas environment are the challenging task to model, because of the many-body polarization effects arising due to the Coulombic field of the embedded ion. In the previous work the methodology of calculating properties of such systems was reported, which was successfully tested on model systems as well as on the Ba+@Xe system, the stable trapping sites were determined, and spectral line was predicted. The trademark of reported approach is the explicit inclusion of classical polarization and electrostatic interactions into consideration, leading to noticeable change in the total binding energy of the system. This, among other things, leads to significant shift of the absorption spectrum line for up to hundreds cm-1.
The most challenging obstacle in modeling of atomic ions (in contrary to neutral atoms) in rare gas matrices is the lack of experimental data, which can support the prediction. The only two reliable works present today are on Ca+@Ar [3] system and Eu+/-@Xe [2]. The first one is a straightforward spectrum measurement, while the second is quite complicated, sophisticated techniques of obtaining the spectrum are used, and different species of Eu were observed; the work is also supported by simple MP2 calculations to explain qualitatively the obtained results.
Thus, to replenish the absence of experimental data on Ba+@Xe in this work we focus on mentioned systems with available experimental data. Stable trapping sites are determined; the usual substitution site is found in both systems, while the tetra-vacancy is also stable, according to the convex hull. For the Ca+@Ar system the spectral line is modeled in both pair and polarizable approximations. What was found is that the spectral line of 2S(2P transition in the matrix is shifted to the shorter wavelength while in the experiment it is the other way around.
The same situation was observed for the case of Ba+@Xe in the previous investigation. To overcome this inconsistency, we propose the next level of including classical polarization and electrostatics treatment of the system, that is the consideration of quadrupole interactions of the embedded ion in P-state with induced dipoles on the rare gas atoms. This interaction leads to the decrease of binding energy in the excited state, giving rise to appropriate spectral line shift to the longer wavelength range.
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