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Abstract: The study of quantum chaos remains one of the most challenging problems in modern theoretical physics. In standard quantum mechanics, the absence of well-defined trajectories prevents the direct application of classical concepts of dynamical chaos, such as sensitivity to initial conditions, phase-space diffusion, and chaotic transport. Consequently, quantum chaos is usually investigated indirectly through spectral statistics, wavefunction localization, avoided crossings, and quantum scarring phenomena. In contrast, Bohmian quantum mechanics provides a causal and trajectory-based formulation of quantum theory, allowing a direct dynamical investigation of chaotic behavior at the quantum level. 
	At the Research Center for Astronomy and Applied Mathematics of the Academy of Athens, we have been studying Bohmian quantum chaos for more than twenty years. Our broader objective is to investigate chaotic phenomena through both the standard quantum-mechanical framework and the Bohmian formulation, aiming toward a more unified understanding of quantum chaos and of its relation to the corresponding classical dynamics.
	In this talk, we investigate perturbed two–dimensional oscillator systems and examine how nonlinear interactions, avoided crossings in the quantum spectrum, and quantum scars influence the transition from ordered to chaotic Bohmian motion. Using superpositions of eigenstates of the perturbed Hamiltonian, we analyze the Bohmian dynamics in both resonant and non-resonant regimes. We show that avoided crossings  enhance,  in general, the prevalence of chaotic trajectories within the Born-rule distribution, acting as an efficient mechanism for the onset of Bohmian chaos. At the same time, the use of eigenstates of the full Hamiltonian allows ordered trajectories to survive in specific regions of phase space, in contrast to approaches based solely on unperturbed eigenstates.
	We further examine the influence of stable and unstable periodic orbits of the corresponding classical systems through quantum scarring effects. Our results indicate that Bohmian trajectories eventually become chaotic in the long run; however, the timescale for the onset of ergodic behavior depends strongly on the nearby classical structures. Trajectories associated with unstable periodic orbits approach chaotic diffusion considerably faster than trajectories near stable periodic orbits of the same period. We also study cases in which a classically stable periodic orbit becomes unstable and analyze the corresponding modifications in the Bohmian dynamics and scarring patterns.
	A direct comparison between classical and Bohmian chaos is performed for increasing perturbation strengths in systems of interacting harmonic oscillators. Initial quantum states constructed from coherent states produce ordered Lissajous-type trajectories in the absence of interaction, while stronger nonlinear couplings gradually induce chaotic behavior. In general, Bohmian chaos emerges at long times, with the onset time depending sensitively on the interaction strength and on the spectral structure of the quantum system.
	Our results demonstrate that Bohmian mechanics provides a powerful dynamical framework for the study of quantum chaos, while the combined use of Bohmian and standard quantum approaches offers important insight into the mechanisms underlying chaotic quantum motion. Avoided crossings, quantum scars, nonlinear resonances, and trajectory dynamics collectively reveal deep connections between classical Hamiltonian chaos and quantum behavior, contributing toward a more unified approach to chaos in quantum systems.
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