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Abstract

We propose a three-dimensional mathematical model for the dynamical coupling of a quantum field and a clas-
sical structure, inspired by operator-algebraic ideas. Our previous work identified a stable coupled motion in an
ideal system and a sharp, first-order-like phase transition to a pinned state upon introducing dissipation. In this
paper, to further enhance the physical relevance of our model, we incorporate thermal fluctuations into the sys-
tem, consistent with the fluctuation-dissipation theorem. Numerical simulations reveal the emergence of a novel
dynamical equilibrium, a Thermally Excited Oscillatory State, which is distinct from the dissipative pinned state.
In this new state, the system counteracts energy loss from dissipation with energy injection from the thermal
bath, maintaining dynamic activity in a manner analogous to homeostasis in biological systems. Furthermore, we
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provide quantitative evidence of stochastic resonance, where thermal noise appears to amplify the weak signal
from the quantum field. These findings may provide a new theoretical framework for understanding robust and
efficient information transport in complex, noisy environments such as intracellular processes.
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Robustness and Phase Transition under Dissipation
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Thermally Excited Oscillatory State (TEOS) (y=1.5, T=1.0)
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Stochastic Resonance: RMS Displacement of Barrier vs. Thermal Strength
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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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Analysis of Conservation Laws (y=1.5, T=1.0) le-11
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