Model of temperature dependent crystal relaxation
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Anomalous decay of the slow emission component in certain doped alkali halides [1,2] was explained by the slowdown of crystal relaxation due to creation of a discrete breather in the immediate neigborhood of the impurity [3]. The anomaly is associated with the initial part of the decay (up to several ms) that deviates from exponential. It was experimentally observed that with rising temperature the decay anomaly becomes less pronounced, finally disappearing in the range 100 K to150 K (depending on the substance). In view of our breather explanation, this temperature dependence should be a consequence of the effect of temperature on breathers. That effect is in fact a topic of current research [4], where the emphasis is on the formation of breathers. It is thus evident that heat, or noise, in and of itself, need not destroy breathers. 

The speedup in crystal relaxation with temperature depends on more subtle effects. Recently we explored a model with dissipative effects on a breather created in a linear chain of atoms. The dissipation is due to transverse waves, i.e., phonons representing motion of off-chain ions. These draw off energy in roughly the same pattern seen in low temperature decay (i.e., exponentially), but at an accelerated rate. We showed how, induced by a phonon kick, the kinetic energy travels away from the breather [5]. 

Now we present an improved model of the dissipative effects of temperature on lattice breathers so as to compare it to the observed experimental temperature behavior. We represent increasing temperature by increasing the noise added to the initial conditions of the members of a linear chain. Although we continue to work in one dimension, each member of the chain is given an additional degree of freedom associated with a motion along the direction transverse to the chain. We define a parameter characterizing the speed of lattice relaxation (breather dissipation) that we calculate from the chain dynamics and study its temperature (noise) evolution. 
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