Chaos and energy transport in disordered nonlinear lattices
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1. Introduction

The spreading of wave packets has been studied numerically in a number of classes of wave equations. In this
work we study the mechanisms of energy transport in multidimensional heterogeneous lattice models, studying,
in particular, the case of the Klein-Gordon model of coupled anharmonic oscillators in two spatial dimensions.
The Hamiltonian [1,2] of the system is
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where g; , are generalised positions and p; , are momenta for a chain with

NM sites
where, W is the strength of disorder and e is the disorder.
We perform an extensive numerical investigation of the dynamics of the model revealing (i) the effects of the type
of the impurity (heterogeneity) parameter on the systems’ transport properties and classify the transport
mechanisms of the nonlinear versions of the models into various dynamical regimes (ii) that for it’s nonlinear
version, chaotic transport persists and (iii) chaotic hotspots meander in the region of energy concentration
supporting the spreading mechanism of energy.

2. Results

The extent of the wave packet (energy distribution) and the deviation vector distribution (DVD) are shown in
Figures 1 and 2. In Figure 1, the results for the average of the (energy distribution) second moment m; [panels (a)
and (b)] over 50 different values of the disorder together with the corresponding rates [panels (c) and (d)] of
expansion are presented for the so-called weak and strong regimes of chaos. In Figure 2, results for the evolution
of the energy distribution and the DVD for a representative case are presented for different times of evolution of
the system.
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Fig. 1: [2] Results for the time evolution of the second moment Fig. 2: [1] Results for snapshots of the energy and deviation
m, [(a) and (b)] and the corresponding slopes [(c) and (d)] for the vector distributions for a representative set of disorder
energy distributions in the weak and strong chaos dynamics parameter at different times of the evolution.

regimes.
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