Excitonic processes of lattice degradation in rare-gas solids
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Rare-gas solids (RGS) are the model systems in physics and chemistry of solids, and a lot of information about their electronic excitations has been documented in several books and reviews (see e.g. Ref. 1 and references therein). Because of strong interaction with phonons the excitons and holes in RGS are self-trapped, and a wide range of electronic excitations are created in samples: free excitons (FE), atomic-like (A-STE) and molecular-like self-trapped excitons (M-STE), molecular-like self-trapped holes (STH) and electrons trapped at lattice imperfections. The trapping of excitons induces inelastic modification of RGS crystal lattice [1]. The subthreshold inelastic excitonically-induced atomic processes in RGS such as defect formation and desorption under excitation by photons and electrons with a kinetic energies below the threshold of knock-on of atoms from the lattice sites were studied recently [2]. However, to our knowledge, the kinetic analysis of the dose curves of excitonically-induced accumulation of crystal lattice imperfections in RGS was not done up to now. 

In the present paper we propose the simple kinetic model for excitonically-induced defect accumulation processes, using photoluminescence as a sensitive tool for real-time monitoring of the point defect concentration in RGS under irradiation. The experiments were carried out at the SUPERLUMI-station at HASYLAB, DESY, Hamburg. The process of defect accumulation may be written as consecutive process 
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, where E is the mobile excitation (e.g. free exciton), which is trapped at trapping center T (e.g. lattice imperfection) and forms an excited metastable trapped center S (e.g. A-STE, or M-STE), which can be considered as metastable short-lived lattice defect. Radiative decay of the short-lived S-center either returns the lattice into the initial state without permanent defect, or forms the permanent defect D (Frenkel pair). The time dependence of luminescence intensity of 'defect' subband under steady-state conditions may be expressed in form: 
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, where K and L are the specific constants expressed via the rate constants of elementary steps in the process; I0 is the initial intensity of 'defect' luminescence due to preirradiated defects. The results of fitting of time dependences of radiation-induced changes in photoluminescence excitonic spectra of solid Xe and Ne will be presented.
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