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Section 9. Decoherence = Classicalization via Routing Overload

This section reinterprets decoherence within QIA. Decoherence is not treated as destruction of
quantum information, but as a classicalization process caused by routing overload: when the entropic
network is forced to redistribute phase-sensitive structure into environmental degrees of freedom. The
consequence is the loss of phase accessibility at the classical interface, even though the total

information remains conserved.

9.1 Decoherence as loss of phase accessibility (not information destruction)

In standard language, decoherence is described as the suppression of interference terms in a
reduced density matrix. QIA reframes this phenomenon in informational terms: decoherence
corresponds to a loss of accessibility to phase structure. The phase profile of the wave-pattern
codeword does not disappear from the universal substrate; rather, it becomes encoded into
correlations distributed across the system-environment network. For a local observer, these phase
relations become inaccessible, and the system appears classical. Thus, decoherence is a change in

accessibility, not a destruction of information.

Phase accessibility | while I_total conserved

9.2 Environment as routing sink / dispersive mixer

In QIA, the environment is not merely a source of noise; it is a routing sink and dispersive mixer. As the
system couples to many uncontrolled degrees of freedom, routing pathways proliferate. The

environment absorbs structured encoding and disperses it into a high-dimensional space of
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correlations. This dispersive mixing produces rapid scrambling of phase relationships. Because
retrieving phase information would require coherent access to the environmental degrees of freedom,
local recovery is practically impossible. The environment therefore functions as an entropic sink for

accessible phase structure.

9.3 Pointer states as stable routing attractors

Pointer states are traditionally defined as robust states selected by environment-induced
superselection. In QIA, pointer states are interpreted as stable routing attractors. Under strong
environmental coupling, only certain routing configurations remain stable because they minimize
entropic penalty and remain compatible with boundary constraints. These stable configurations persist
and become the effective classical outcomes. Therefore, the pointer basis is not arbitrary; it is

determined by the stability structure of the routing landscape.

Pointer states
~ stable attractors of R under environmental constraints

9.4 Transition scale: when a system becomes a classical interface

A critical question is the transition scale: when does a quantum system become effectively classical?
QIA attributes this transition to routing overload. As the number of environmental links increases and
entropic bottlenecks dominate, coherent phase routing can no longer be maintained within the
subsystem. Once phase accessibility drops below a threshold, interference becomes unobservable
and the subsystem enters the classical interface regime. This provides a mechanism for the quantum-
to-classical transition that depends on coupling strength, network capacity, and entropic distance,

rather than on an ad hoc boundary.

Classical interface threshold: phase accessibility
< ¢ due to routing overload
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9.5 Measurement chain (von Neumann chain) in routing layers

The von Neumann measurement chain describes how a microscopic guantum system becomes
correlated with larger and larger apparatus states. QIA interprets this chain as a routing cascade
across layers. The system codeword first couples to the apparatus node, then to mesoscopic
amplification channels, and finally to macroscopic environmental sinks. At each step, routing
constraints increase and phase accessibility decreases. The chain therefore represents a progressive
routing transition from coherent encoding to classical attractor stabilization. This layered routing view
explains why measurement outcomes appear definite and persistent even though the universal

dynamics remain wave-based.
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