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Abstract

We propose a three-dimensional mathematical model that dynamically couples a quantum field and a single-
degree-of-freedom classical barrier, inspired by operator-algebraic ideas. The quantum part is governed by a non-
linear Gross-Pitaevskii equation, whereas the barrier follows Newtonian dynamics with a Hellmann-Feynman
feedback force and a tensegrity-like restoring force. Extensive split-step Fourier simulations show that, for an
attractive interaction g < 0 and an initial momentum within 0.1 < k. i« < 0.15, a self-trapped quantum soliton
travels together with the barrier in a stable coupled motion. The state is robust against parameter fluctuations
and external noise, suggesting a loss-less information-transport mechanism that could be relevant to intracellular
processes. We detail the theoretical framework, numerical verification, limitations, and future extensions.
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#1 Key symbols and simulation parameters.

Symbol Meaning Value (dimensionless)

P Quantum field wave function -

u (zp) Classical field displacement -

A Barrier potential amplitude 0.1

o Barrier potential width 4.0

g Nonlinear interaction strength -15.0
Kmech Restoring force spring constant 10.0

M Effective mass of the classical field 50.0 (Standard)
k. xick Initial momentum (wavenumber) 0.15 (Standard)
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Fig. S1: Analysis of Conservation Laws in Numerical Simulation
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Fig. S2: Effect of Effective Mass (M) on System Dynamics
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