The role of breathers in the anomalous decay of luminescence
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Luminescence of alkali halides doped by heavy ns2 ions shows two decay components due to Jahn-Teller (JT) and spin-orbit splitting of their lowest excited states. The slow component decay displays an anomaly: up to several ms the decay is nonexponential [1]. This anomaly was explained by postulating extremely slow lattice relaxation [2], on the same order as the asymptotic exponential slow component decay. Based on this assumption, experimental data of various substances were satisfactorily fit at the low temperature limit [2,3], as well as at higher temperatures [4]. The slowdown of lattice relaxation was explained by the formation of a discrete breather (nonlinear localized excitation) in the immediate neighborhood of the impurity [5]. A connection was established by simulating the dynamics of a chain of atoms along the JT axis.  Experiments on Pb and Tl doped potassium halides and alkali bromides show that the decay anomaly is stronger as the anion/cation mass ratio in the lattice gets bigger. Moreover the anomaly is extinguished as the temperature increases.

We study properties of these breathers, their phase space structure, robustness, decay, and propensity for formation. Under a wide range of parameters and interionic potentials they form 2-dimensional Kolmogorov-Arnold-Moser tori (less than generic) in phase space. We show strobed views of these tori, useful in quantization. All features support the thesis of breather formation as the explanation for the luminescence decay anomaly that first motivated our breather proposal. 
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