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Abstract
We present a probabilistic model for the emergence of trust and distrust as robust stochastic phases in hierarchically organized societies. Starting from a discrete social learning model on a directed acyclic graph, where each agent makes a binary adoption decision, we derive an effective influence kernel and pass to a continuum limit along hierarchical depth, obtaining a degenerate, non-conservative logistic–diffusion equation for the adoption probability u(x,t). Diffusion is modulated by (1−u) and increases the integral of u rather than preserving it. To account for micro-level uncertainty, we perturb these dynamics by multiplicative Stratonovich noise with amplitude proportional to u(1−u), strongest in internally polarized layers and vanishing at consensus. Stratonovich–Itô conversion and Fokker–Planck analysis reveal that the noise induces an effective double-well potential with two robust phases—persistent distrust (u≈0) and persistent trust (u≈1). Coupled along depth, this local bistability generates extended domains separated by fronts and rare Kramers-type transitions between them. The model is also formulated in Martin–Siggia–Rose–Janssen–De Dominicis form, providing a field-theoretic basis for large-deviation analysis of trust landscapes. This work extends our earlier results on mathematical theory of social conformity [1,2] to the stochastic regime [3], offering a unified framework connecting sociological theories of trust with statistical-physics approaches to phase separation.
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