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Signaling quantum channels are the operational backbone of quantum communication: they enable information to propagate from inputs to outputs. Thermalization, by contrast, drives systems toward equilibrium and erases information about the initial state. This fundamental opposition between information transfer and equilibration raises a central question: how does a channel’s thermalizing tendency constrain its ability to signal, and conversely, what thermodynamic property is required to transmit information?
We address this question by identifying three physically meaningful thermodynamic tasks associated with a quantum channel: athermality generation (creating deviations from equilibrium), preservation (maintaining such deviations), and transmission (carrying them across the channel). We introduce faithful measures for athermality generation and preservation, and prove that their difference exactly quantifies athermality transmission. These quantities admit a direct operational interpretation in terms of how well non-equilibrium features survive and propagate in quantum channels.
Analyzing their interplay, we establish quantitative bounds: the signaling power of a channel is upper-bounded by its ability to preserve athermality and lower-bounded by its ability to transmit it. Thus, reliable information transfer requires the maintenance of thermodynamic resources and imposes fundamental limits on how much of these resources can be transferred.
As a concrete illustration, we study the quantum switch, where two channels act in a coherent superposition of causal orders. We show that the ability of the switch to enhance signaling and deviation from thermal equilibrium depends on how input athermality is preserved and redistributed. This reveals an explicit trade-off between signaling advantage and thermodynamic structure, providing a clear physical picture of how indefinite causal order reshapes the balance between communication and equilibration.
