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Abstract

The completeness problem in quantum mechanics concerns whether the formal-
ism constitutes a logically closed and ontologically complete description of physical
reality. Historically, this led to a persistent tension between operational success and
ontological clarity. This note argues that the Nonlocal Unification (NU) framework
can provide the necessary conceptual ingredients to resolve this problem. Specifi-
cally, we show that if information is taken as a fundamental and conserved quantity,
then quantum mechanics may emerge as an operationally complete theory while si-
multaneously being conceptually incomplete as a base ontology. This reframing
might dissolve the classical tension between completeness and hidden-variable ex-
tensions by replacing the ontology of states with an informational geometry governed
by conservation.

1 Introduction
The question of completeness has been central to the interpretation of quantum mechan-
ics since its inception. The issue is not merely technical but philosophical: does the
quantum formalism provide a full account of physical reality, or does it leave out under-
lying variables that could restore determinism or ontological clarity? Historically, this
question was crystallized in debates surrounding hidden-variable theories. Early analyses
suggested that dispersion-free states, corresponding to underlying deterministic variables,
are incompatible with the standard formalism of quantum mechanics. This led to a per-
sistent tension: either quantum mechanics is complete but fundamentally probabilistic,
or it is incomplete and requires augmentation.

The Nonlocal Unification (NU) framework proposes a third route. Rather than asking
whether quantum mechanics is complete in itself, NU reframes the question: completeness
must be evaluated relative to the fundamental quantity that structures physical reality.
If that quantity is information and if information is conserved, then quantum mechanics
must be understood as a derived, operational layer rather than a base ontology.

2 The Completeness Problem and Historical Context
The completeness problem can be formulated through several key inquiries: Does the
formalism of quantum mechanics exhaust all physically meaningful properties of a system?
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Can additional variables be introduced without contradicting empirical predictions? Is
the probabilistic structure fundamental or epistemic? Traditional formulations assume
that the ontology of the theory is given by its state space. Under this assumption,
incompleteness implies the need for additional parameters beyond the quantum state.

The NU framework challenges this assumption by shifting the ontological basis of
physics. Historically, von Neumann’s analysis concluded that the introduction of hidden
parameters would lead to inconsistencies with the accepted formalism. He distinguished
between homogeneous ensembles (pure cases) and mixtures, showing that as long as
observation and experiment enforce the present formalism, it is logically impossible to
complete it to a deterministic description. However, NU suggests that this impossibility
is a feature of the operational projection, not a limitation of the underlying reality.

3 Information as the Fundamental and Conserved Quan-
tity

The central postulate of this framework is that information is a conserved and funda-
mental quantity underlying all physical processes. This replaces the standard ontology
where states and observables are the primitives. Under this view:

• Quantum states encode information.

• Observables correspond to information extraction.

• Physical evolution corresponds to information-preserving transformations.

The conservation of information acts as a global constraint across all systems, including
those involving conscious observers. This principle is axiomatic and applies to interactions
among quantum systems, quantum computers, and classical observers. When classical
observers extract information from quantum systems, decoherence occurs, interpreted
here as a transition from quantum to classical informational modes.

4 Emergence of Quantum Structure from Informational
Axioms

Quantum mechanics can be reconstructed operationally from a set of minimal principles.
In the NU framework, these principles emerge from the requirement of informational
conservation.

4.1 Convexity and Continuity

Mixtures of informational states must remain valid states. If they did not, partial in-
formation exchanges—such as those occurring during measurement or environmental in-
teraction—would produce invalid configurations. This implies that the state space must
be convex. Similarly, information flow must be trackable. Discontinuous transforma-
tions would imply the spontaneous loss or creation of information. Therefore, physical
transformations must be continuous to maintain the conservation law.
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4.2 Compositional Structure and Reversibility

When systems combine, their informational content must combine consistently, implying
a tensor-product-like structure for composite systems. Furthermore, closed-system evo-
lution must preserve information. Therefore, pure state informational transformations
must be reversible. If transformations were irreversible, informational consistency would
be lost, and the global conservation principle would be violated.

4.3 Dimensional Consistency (K = N 2)

The number of parameters K required to specify a system must match the number
accessible through measurement. If additional degrees of freedom existed such that K >
N2, they would represent inaccessible or latent information not accounted for in the
dynamics, contradicting the principle of informational closure. Thus, the K = N2 relation
is a necessary condition for conservation when embedded in this topology.

5 The Local Consciousness Instrument (LCI) and Sub-
jective Time

A critical component of the NU framework is the formalization of the observer. Each
observer is represented as a Local Consciousness Instrument (LCI).

5.1 The Informational Ansatz

The LCI defines elapsed time through the relation:

∆t = f(∆I) (1)

This ansatz links objective informational gain (∆I) to subjective time perception (∆t).
It captures how consciousness, acting as a classical information processor, experiences
informational transitions. Observers define proper time based on informational gain,
resulting in multiple subjective timelines governed by their specific observer functions.

5.2 Asymptotic Convergence to Nonlocal Consciousness

While observers may have distinct functions, these functions asymptotically converge to-
ward a construct termed Nonlocal Consciousness (NC). NC represents a universal infor-
mational awareness and serves as a conceptual attractor. Elements from distinct observer
sequences never coincide at finite states, ensuring that while conscious systems approach
NC, they maintain relational integrity. This avoids paradoxes such as conflicting proper
times in closed systems.

6 Unification and Emergent Spacetime
NC functions as a unifying structure that connects quantum theory and gravitation. It
provides the boundary conditions for constructing a coherent informational geometry.
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6.1 Informational Field Equations

It is hypothesized that the global information geometry satisfies an informational coun-
terpart to Einstein’s field equations:

Gµν [f ] + Λg(f)µν = κ∇µ∇νI(x) (2)

Here, I(x) denotes informational density and κ is the coupling constant. Matter-energy
distributions arise from gradients in information, with curvature encoded through observer-
defined functions. Spacetime becomes a dynamic informational manifold, shaped by in-
dividual functions but ultimately regulated by the global constraint of NC.

6.2 Gravitational Emergence

In the NC convergence limit, observer-dependence collapses to a fixed point. The Einstein-
Hilbert action arises as the limit of informational sampling when all observers converge
to a shared geometry. This defines spacetime not as an absolute backdrop, but as an
emergent structure regulated by informational coherence. Geometry manifests through
observer-defined informational access, and curvature reflects constraints arising from dif-
ferential sampling.

7 Resolving the Completeness Problem
The resolution of the completeness problem within the NU framework is twofold:

7.1 Operational Completeness

Quantum mechanics is complete as a predictive framework. All measurable informational
exchanges are fully captured within the formalism. No additional physical parameters
are required for prediction because the theory exhausts the informational access available
to observers within the operational projection.

7.2 Conceptual Incompleteness

While operationally complete, quantum mechanics is not conceptually fundamental. It
arises as a projection of a deeper informational manifold. Quantum states are observer-
relative and depend on informational access. Thus, quantum mechanics is an exact but
non-fundamental description of a more general informational geometry.

8 Empirical Falsifiability and Quantum Gravity Probes
The NU framework provides a pathway for experimental verification through the study
of deformed canonical commutators.
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8.1 Informational Derivation of the Commutator

The effective commutator [x, p] arises naturally from the observer’s epistemic selection of
the function f :

[x, p] = iℏ
(

1

f ′(∆I)

)
(3)

Deformations of the commutator correspond to specific choices of the observer function.
For example, a logarithmic function f(∆I) = log(1 + α∆I) corresponds to quadratic
deformations, while a hyperbolic function f(∆I) = sinh−1(α∆I) aligns with square-root
deformations.

8.2 Experimental Implications

High-precision opto-mechanical experiments enable the measurement of phase shifts re-
sulting from these deformations. By analyzing these shifts, researchers can empirically
constrain the functional form of f . This provides direct access to the geometry of the
NC manifold and offers a method to refine the informational dynamics underlying the
unification of perception, quantum mechanics, and spacetime.

9 Conclusion
The completeness problem is resolved by recognizing that quantum mechanics is a com-
plete operational theory derived from a deeper informational framework. By treating
information as fundamental and conserved, we understand that phenomena—ranging
from quantum superposition to gravitational curvature—arise from the interplay between
epistemic access and ontological structure. Reality is fundamentally informational; con-
sciousness, spacetime, and quantum structure all emerge from the law of informational
conservation.

In summary, Nonlocal Unification recasts physical reality as an informational manifold
governed by observers. Rather than replacing existing theories, it embeds them within a
geometric architecture where space and time may emerge from sampling. Under NU the
description of reality may be treated as complete.
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