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Oscillatory-Tail Dynamics in Two-Soliton Interactions of the Kawahara Equation

A. Alias1, N. Shamshu2
1 Universiti Malaysia Terengganu, Special Interest Group on Modelling and Data Analytics (SIGMDA), Faculty of Computer Science and Mathematics, Kuala Terengganu, Malaysia
2 Universiti Malaysia Terengganu, Institute of Oceanography and Environment (INOS), Kuala Terengganu, Malaysia
e-mail: azwani.alias@umt.edu.my

Abstract: This study investigates the long-time dynamics of two-soliton interactions in the Kawahara equation, with particular emphasis on the role of the fifth-order dispersive term, , in wave propagation. A high-accuracy pseudospectral method is employed to simulate the system over a large spatial domain. The numerical results demonstrate that the fifth-order dispersion plays a crucial role in the generation of oscillatory tails accompanying the solitons. During the interaction process, the two solitons undergo a temporary superposition state, where the wave amplitude and energy concentration attain their maximum values. Following the interaction, the superposition state breaks down, giving rise to persistent oscillatory tails behind the dominant soliton. These oscillatory structures serve as a mechanism for redistributing and transporting the excess energy accumulated during the superposition stage over long distances. The results further indicate that the higher-amplitude and narrower soliton exhibit greater stability, while the broader soliton generates more pronounced oscillatory tails that enhance energy transport. These findings provide new insights into higher-order nonlinear wave dynamics and highlight the significant role of oscillatory tails in energy redistribution processes within the Kawahara equation, with potential applications in fluid dynamics, plasma physics, and quantum-related wave models.
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