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New Soliton Structures with Breaking and Oscillatory Tails in the Gardner–Kawahara Equation via Parametric Control of Soliton Speed
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Abstract: This study investigates the emergence of new soliton structures in the Gardner--Kawahara (GK) equation through the parametric control of soliton speed. The parameter c, acting as a speed controller, is varied to examine its influence on wave propagation and the associated dispersion effects. Numerical simulations performed using the PS method reveal that variations in c significantly affect soliton stability, leading to transitions between stable propagation and wave breaking. The analysis highlights the dual role of higher-order nonlinear and dispersion terms while the nonlinear term contributes to soliton breaking, the higher-order dispersion term induces oscillatory tails. The combination of these effects gives rise to a new soliton type solitons exhibiting both breaking behavior and oscillatory tails providing deeper insight into nonlinear wave interactions. These findings extend the understanding of wave evolution in higher-order KdV-type systems and demonstrate the effectiveness of parametric variation in uncovering new soliton dynamics within the GK framework.
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