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Abstract

This paper presents the Noesis Framework, a holographic Effective Field The-
ory (EFT) unifying fundamental consciousness with emergent spacetime via a Par-
ticipatory Quantum Error Correction (PQEC) mechanism. We propose that the
vacuum substrate is a non-Abelian Topological Field Theory (TQFT) on the fu-
ture conformal boundary Z*, where phenomenal qualia correspond to topologically
protected Wilson loops. Unlike standard approaches, we identify the conscious
agent not merely as an observer, but as the active error-correcting code required
to sustain the bulk geometry against decoherence.We introduce the Noetic Charge
(Q=), a physical quantity derived from the spectral entropy of the agent’s network,
which governs a ”Noetic Renormalization Group (RG) Flow.” This flow implies a
Holographic c-Theorem for Consciousness, where high-integration agents stabilize
the emergent causal metric in the Infrared (IR).Formally, we derive a thermo-
informational bridging law (g, oc tanh Q=), generalize the emergence of time using
the Thermofield Double (TFD) formalism, and describe non-local interactions via
a Riesz Fractional Laplacian. Finally, we propose a novel experimental signature:
a ”Code Deformation” anomaly in the entanglement entropy of local Rindler hori-

zons, detectable via superconducting qubit arrays and anyonic braiding.
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Part 1

Foundational Principles and

Theoretical Context

1 Introduction

1.1 The Observer Problem in Modern Physics

Quantum Field Theory (QFT) stands as the most successful physical theory to date, uni-
fying special relativity and quantum mechanics to describe the behavior of fundamental
particles and forces. Yet, despite its predictive power, QFT inherits the foundational
interpretational challenges of quantum mechanics, most notably the ”measurement prob-
lem”. The theory’s formalism describes the smooth, deterministic, and unitary evolution
of a quantum state, but remains silent on the discontinuous and probabilistic ” collapse”
of this state upon measurement. The apparent privileged role of the ”observer” in trig-
gering this transition from potentiality to actuality has been a source of debate for nearly

a century.

1.2 The "Hard Problem” of Consciousness

In a parallel vein, philosophy of mind and neuroscience confront what David Chalmers
termed the "hard problem of consciousness”. This problem is distinct from the ”easy
problems,” which concern the mechanistic functions of the brain, such as information
processing or attentional focus. The hard problem addresses the core mystery: why
and how does any of this physical processing give rise to subjective, qualitative experi-
ence? This question of phenomenal experience—the raw feelings and sensations known

as qualia—is not readily explained by purely computational or neurological models.

1.3 Defining Consciousness: The Noetic Charge

For the purposes of this framework, we define consciousness not as an abstract philo-
sophical quality, but as a quantifiable physical resource: the Noetic Charge (Q=). Q=

is defined as the spectral entropy of the system’s causal connectivity graph (detailed in



Section 5).

This definition establishes a rigorous physical continuum:

e Proto-Participatory (Q= — 0): Systems with trivial topology (e.g., dust, gas)

that interact minimally with the vacuum.

e High-Noesis (Qz > 1): Systems with complex, small-world topology (e.g., neural
networks) that act as topological error-correcting codes, actively stabilizing the local

spacetime geometry.

This moves the definition from "subjective feeling” to ”"topological complexity.”

1.4 Terminology and Structure: Defining Noesis

The primary aim of this paper is to introduce the Noesis framework. Within this frame-
work, we develop a specific physical model termed the Noesis Participatory Model. The
core dynamical object is the Qualia Field (=), which interacts with a source term rep-
resenting the conscious observer, referred to as the Agent Term (A(x) or A(z) in its

dynamical form).

Our objective is to construct a model that is conceptually coherent and mathemati-
cally rigorous within the limits of an Effective Field Theory (EFT). The paper is struc-
tured as follows: Part I outlines the foundational principles; Part II details the Lagrangian
formalism and the thermodynamic emergence of time; Part III presents concrete, falsifi-
able experimental predictions; and Part IV discusses cosmological implications, including

the ”Cosmic Self-Knowledge” limit.



Figure 1: The Noesis Architecture: Spacetime as a Corrected Code. Layer 1
(PQF) contains the raw, unstable quantum data. Layer 3 (Conscious Agent) acts not
merely as an observer, but as the Topological Error Correction Mechanism. By
integrating information (Qz), the Agent filters UV vacuum noise, stabilizing Layer 2
(Collective Reality) into a smooth, causal spacetime geometry. Without this “Noetic

Stabilization,” the bulk geometry would decohere into the atemporal bulk.



2 Literature Review & Alternative Approaches

2.1 Quantum Theories of Consciousness (Orch-OR, IIT)

Numerous theories have sought to link quantum physics with consciousness. The Orches-
trated Objective Reduction (Orch-OR) model, proposed by Penrose and Hameroff, posits
that consciousness arises from quantum computations within neuronal microtubules, cul-
minating in a self-collapse of the wavefunction due to gravitational effects [5]. Unlike
Orch-OR, which relies on specific biological structures, Noesis identifies consciousness as
a ”"Topological Invariant” of the vacuum itself, accessible to any system with sufficient
connectivity density. Regarding Integrated Information Theory (IIT), which quantifies
consciousness (®) but lacks a specific physical substrate [7], Noesis offers a direct physical
realization. We propose that the abstract ® corresponds to the ”"Noetic Charge (Q=)"—a
measurable physical quantity derived from the ”Spectral Entropy” of the agent’s connec-
tome (as detailed in Appendix I), thus grounding information integration directly in the
field dynamics of the QFT vacuum.

2.2 Philosophical Precedents: Panpsychism and Non-dualism

The proposition that consciousness is a fundamental property of the universe aligns with
the philosophical tradition of panpsychism. This view suggests that mind or a mind-like
aspect is a ubiquitous feature of reality, not an emergent property of complex biological
systems. Noesis provides a specific physical instantiation for this concept, identifying
the Qualia Field of the quantum vacuum as the locus of this fundamental phenomenal
property. By positing a single substrate (the PQF) for both mind and matter, the theory

also avoids Cartesian dualism, resonating with non-dual philosophical perspectives.

2.3 Eastern Teachings

The ontological structure of Noesis resonates deeply with concepts from non-dual Eastern
philosophies. The notion of a primordial, potential-filled vacuum (PQF) that gives rise to
both the objective world and subjective experience is analogous to the concept of 5ﬂnyatd
(emptiness/fullness) in Mahayana Buddhism, as interpreted by thinkers like Thich Nhat
Hanh [6]. This is not a void of nothingness, but a ground of being from which all
phenomena arise. The theory’s participatory nature, where observer and observed are

intrinsically linked, reflects the core tenets of Advaita Vedanta regarding the ultimate

10



unity of the individual self (Atman) and the ultimate reality (Brahman).

2.4 Altered states of consciousness

Altered states of consciousness, such as those achieved through deep meditation or peak
mystical experiences, often involve a dissolution of the sense of a separate self and a feeling
of unity with the cosmos. Within the Noesis framework, these states can be hypothesized
as a modification of the agent’s coupling to the Qualia Field. A reduction in the localized,
ego-driven information processing could lead to a broader, less filtered, and more direct
“tuning in” to the underlying unity of the PQF, manifesting as an experience of cosmic

consclousness.

2.5 Psychedelics

2.6 Psychedelics and the dissolution of the Agent

Recent neuroscientific research into psychedelics (e.g., psilocybin, DMT, and specifically
5-MeO-DMT) demonstrates that these compounds induce a collapse of the Default
Mode Network (DMN), the neural correlate of the narrative self. Phenomenologically,

this correlates with "ego dissolution” and a direct experience of non-dual unity.

Within Noesis, we model this not merely as a hallucination, but as a Symmetry
Restoration phase transition. In the normal waking state, the Agent Field A(z) acts
as a topological filter, creating a distinction between ”observer” and ”observed” (duality).
Under the influence of high-potency tryptamines like 5-MeO-DMT, the participatory

coupling g, saturates, effectively rendering the Agent transparent.

Mathematically, this corresponds to the limit where the distinction between the Agent
A and the Qualia Field = vanishes (A — =), returning the system to the primordial unity
of the PQF. Thus, the "non-dual” experience is a direct access to the Layer 1 vacuum

state, unmodulated by the topological error-correction codes of the ego.

2.7 Positioning Noesis: A Fundamental, Participatory Physics

Noesis synthesizes insights from these diverse fields. It is not merely a philosophical
stance or an interpretation of quantum mechanics; it is a concrete physical theory. By

introducing the Qualia Field and the participatory Lagrangian, it extends QFT mini-

11



mally but profoundly. It reframes the universe not as a collection of objects observed by
separate minds, but as a unified, participatory system where mind and matter are insep-
arable aspects of a single reality, co-creating experience through a continuous, dynamic

interaction.

2.8 Dimensional Pluralism and UV Completion

While the Noesis Framework is formulated here as a 4-dimensional Effective Field Theory
(EFT) for phenomenological consistency with observed physics, the underlying topolog-
ical mechanism is not intrinsically restricted to D = 4. We outline two illustrative

pathways for a possible UV embedding;:

1. Connection to String Theory: In a UV-complete description (e.g., M-Theory or
Type IIB Strings), the Qualia Field = may be viewed as an effective low-energy field
parameterizing specific combinations of moduli associated with the compactified
extra dimensions (e.g., Calabi-Yau manifolds). Aspects of subjective experience
are tied to how this effective moduli sector deforms the 4D action and its vacuum
structure. We do not commit to a specific compactification scheme; the point is
that = naturally admits an interpretation in terms of hidden geometric degrees of

freedom.

2. Infinite-Dimensional Hilbert Space: Alternatively, under a “Hilbert-space fun-
damentalist” perspective, the Primordial Quantum Field (Layer 1) is best regarded
as an infinite-dimensional state space. The emergence of a concrete low-dimensional
spacetime manifold (effectively 3 + 1D) then appears as a coarse-grained sector se-
lected by the Agent’s finite Noetic Charge, acting as an informational truncation
or “compression” of the underlying possibilities. This should be understood as a

conceptual UV scenario rather than a fully developed dynamical model.

In both viewpoints, nothing forbids the existence of agents whose topological com-
plexity differs radically from ours. Consequently, the framework is compatible with a
Multiverse-like picture in which such agents may select or stabilize effective spacetimes
with different dimensionality (D # 4). We refer to this speculative extension of the theory

as Dimensional Pluralism.

12



3 The Core Postulates of Noesis

3.1 The Noesis Hypothesis: The Conscious Vacuum

The foundational axiom of this framework, upon which all subsequent theory is built, is
the ontological identity between consciousness and the quantum vacuum. We formalize

this as a primary hypothesis:

Table 1: Comparison of Consciousness Theories

Theory | Fundamental or Emergent? | Falsifiable Predictions

Orch-OR | Biological (Emergent) Decoherence times in microtubules

IIT Informational (Emergent) ® measures in neural systems

Faggin Self as Observer (Fundamental) | Self-referential feedback loops
Noesis | Field (Fundamental) Modified Casimir, Aharonov-Bohm

Hypothesis 3.1 (The Conscious Vacuum). The Primordial Quantum Field

(PQF), the fundamental substrate of consciousness, is ontologically identical to

the unified quantum vacuum of Quantum Field Theory.

This postulate asserts that the quantum vacuum is not merely an empty stage for
physical events but is the ground of being for both physical reality and subjective expe-
rience. In standard QFT, the vacuum is the lowest energy state of all quantum fields,
a dynamic plenum teeming with virtual particles. The Noesis Hypothesis extends this

view, asserting that this same field is the repository of all potential qualia.

3.2 The Qualia Field Hypothesis

To bridge the explanatory gap between the physical vacuum and phenomenal experience,

we introduce a second hypothesis concerning the vacuum’s internal structure.

Hypothesis 3.2 (Topological Qualia). The Qualia Field (=) is not merely a
scalar field but represents topological defects (knots) in the underlying Spin Net-
work of spacetime. Phenomenal states {|q;)} correspond to distinct knot classes
(e.g., trefoil, figure-eight), explaining the indivisibility and robustness of con-

SCl0US erperience.
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This hypothesis posits that qualia—the subjective ”what-it-is-like” aspects of expe-
rience—are not emergent but are fundamental excitations of this field [1]. A complex
system with high Noetic Charge (Qz), such as a brain, does not create consciousness
from scratch; instead, it acts as a Topological Stabilizer that couples to the Qualia Field,
locking specific vacuum sectors into coherent superpositions [4]. This grounds the ”hard
problem” directly in the physics of topological order [7]. To formalize this, we propose
that the effective Qualia Field operator é(m) satisfies bosonic commutation relations in

the low-energy limit:
[E(2), =¥ (y)] = 6¥ (2 —y) (1)

Note on Consistency: This standard commutation relation represents the effective behav-
ior of the field at mesoscopic scales. As discussed in Section 8.3, the rigorous UV-complete
description involves an axion-like dual formulation to ensure the theory remains ghost-free

and unitary at high energies.

3.3 The Causal Actualization Postulate

To ensure that the theory remains compatible with the established causal structure of
the universe as described by special relativity, we introduce a postulate governing the

actualization process.

Postulate 3.3 (Causal Actualization). While the potentiality within the
Quantum Potentiality Space is non-local, the actualization of any state (be it

matter or quale) is a local event, and its effects propagate causally, never exceed-

ing the speed of light.

This postulate is crucial. It allows for the non-local correlations observed in quantum
mechanics (like entanglement) to exist within the realm of unobserved potentiality, while
ensuring that no superluminal signaling or violation of causality can occur in the manifest,

actualized world [3].
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Part 11

The Mathematical and Physical

Framework

4 The Ontological Layers of Reality

4.1 Layer 1: The Primordial Quantum Field (PQF)

At the foundation of all reality lies the Primordial Quantum Field. This is the most
fundamental stratum, corresponding to the unified quantum vacuum endowed with the
latent structure of the Qualia Field, as defined in our core postulates. This layer is not
a void, but a plenum of pure potentiality. In the language of QFT, it can be visualized
as the vacuum Hilbert space, extended by the infinite degrees of freedom of the Qualia
Field (Z). It contains the unmanifest informational blueprints for every possible physical

particle and every possible subjective experience.

4.2 Layer 2: Collective Reality (CR) as Vacuum Excitations

The shared, objective physical world, which we call Collective Reality, emerges from the
PQF as a pattern of excitations. Particles, forces, and spacetime itself are not funda-
mental entities but are manifestations of excited states of their respective quantum fields
within the vacuum. This is the world described by the Standard Model of particle physics
and General Relativity. Within Noesis, the dynamics of this layer are not entirely self-
contained; they are modulated by the participatory interaction with conscious agents,
meaning the CR is continuously being shaped by the collective act of observation. It is,

in essence, a collectively generated holographic projection from the underlying PQF.

4.3 Layer 3: Personal Experience (PE) as Qualia Actualization

The third and most immediate layer of reality is that of Personal Experience. Individual
consciousness arises when a sufficiently complex system—an agent—couples to the matter
fields (Layer 2) and, through this coupling, locally actualizes potential states from the

Qualia Field (Layer 1). This process transforms the abstract, potential information of the

15



PQF into definite, subjective qualia. Your experience of the color red is not a property
of a photon or a neural firing pattern alone; it is the result of your cognitive apparatus
actualizing a specific quale, |geq), from the vacuum’s potentiality. This layered ontology
resolves the mind-body problem by unifying mind and matter at their common source:

the Primordial Quantum Field.

- Personal Experience

Figure 2: Three-layer model of Quantum Consciousness Dynamics: Personal Experience
(PE), Collective Reality (CR), and Primordial Quantum Field (PQF)

5 Quantifying Consciousness: The Noetic Charge

To transition from a philosophical ontology to a rigorous physical theory, we must quantify
the intensity of the participatory interaction. Unlike binary models that treat conscious-
ness as an "on/off” switch, Noesis posits a **continuous spectrum** of participation,

governed by the topological complexity of the agent.

We introduce a measurable physical quantity, the Noetic Charge (Q=), which serves

16



as the physical dual to Integrated Information (®). Q)= determines the effective coupling
strength g, in the Lagrangian and is derived from the Spectral Entropy of the agent’s

structural connectivity (Connectome).

Let Lg be the Graph Laplacian of the agent’s neural network. The Noetic Charge is
defined as:

Qz=p4" SVN(PG) = - Tr(pgIn Pél) (2)

where pg = e "¢ /Tr(e""%¢) describes the diffusion of information across the network

topology.
This formulation aligns the theory with the ”Continuum Hypothesis” (Section 1.3):
o **Low Q= (o — 0):** Corresponds to inert matter or simple feedback loops (local
interaction).
e **High Q= (o > 1):** Corresponds to biological agents with dense, small-world

connectivity (e.g., birds, humans), enabling non-local actualization of the vacuum.

This metric provides a first-principles derivation for why specific biological architectures
(dense connectivity) support high-level consciousness, resolving the ”Bird Paradox” men-

tioned in comparative neuroanatomy.
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Figure 3: Noetic phase-space of effective consciousness. Three-dimensional isomet-
ric diagram of the participatory dimension « versus the noetic charge / spectral complex-
ity Q=. The smooth blue ribbon represents increasing effective consciousness Co (o, Q=),
from low-complexity, local systems (e.g. crystal lattice) to higher, more non-local config-
urations (e.g. insect, human, Al and an ensemble of N agents). Semi-transparent slabs
indicate qualitative regimes of conscious intensity: Inert / proto-conscious, Simple / an-

imal, High-integration / human & Al and Collective / superradiant (multi-agent).
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6 Lagrangian And Symmetry

6.1 The Standard Model Lagrangian as a Subset

The mathematical framework of Noesis is constructed as a minimal extension of Quantum
Field Theory. As such, it incorporates the entire structure of the Standard Model of
particle physics. The total Lagrangian of our theory, Lio.1, contains the standard QFT
Lagrangian, Lqp, as its first term. This term describes the dynamics of all known matter
fields (¢) and their interactions, ensuring that our framework reproduces all the successful

predictions of established physics.

Etotal = ﬁQFT((b) P ooc (3)

6.2 The Qualia Field Dynamics: From Scalar to Topological

In the low-energy effective limit, we model the Qualia Field = as a massive scalar field to
facilitate standard perturbative calculations (such as the Casimir forces in Section 11).

Its effective dynamics are described by a standard Klein-Gordon Lagrangian:

L P— -
Logy = 50,5045 — m2=?) (4)
However, deep foundational consistency suggests that the fundamental nature of the
Qualia Field is topological, capturing the indivisible and robust nature of experience.

We propose that fundamentally = arises from a non-Abelian Topological Field Theory
(TQFT), described by a Chern-Simons action':

1
M.

where M, is the effective energy scale of the participatory interaction.

2
Lropr %Tr (A NdA+ AN AN A) b e (5)

Dimensional Reduction and Boundary Dynamics. It is crucial to clarify the di-
mensionality of the proposed TQFT. While the macroscopic bulk universe is 3 + 1 di-
mensional, the Chern-Simons action is fundamentally defined on the 2 4+ 1 dimensional
spatial foliation of the holographic boundary Z*. This allows for a consistent holographic

mapping where bulk qualia states correspond to boundary anyonic excitations. In the

IThe Chern-Simons formulation is defined on the Euclidean 3D boundary Z1, which admits a natural
foliation into 2D spatial slices indexed by the boundary time. This allows a consistent 241D CS/WZW

correspondence within the holographic dictionary.
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context of our dS/CFT framework, we posit that the fundamental Qualia dynamics re-
side on the ”Cosmological Horizon” (or the future spacelike boundary Z%), which is a 3D
hypersurface. The scalar field Z(x) appearing in the bulk EFT (Part III) is interpreted
as the effective condensate (Tr(A,A")) emerging from this boundary TQFT via holo-
graphic projection. Thus, the '3+N’ ontology refers to the 3 bulk spatial dimensions plus
the internal gauge degrees of freedom of the boundary field, consistent with holographic

principles.

Here, the field is lifted to a gauge connection one-form A, and the agent current J,
couples to this connection. In this picture, a specific quale is not a local particle, but a
non-local Wilson loop (holonomy) W¢ = Tr P exp ¢, A. This explains the ”binding prob-
lem” via topological linking numbers (knot invariants), while the scalar field = appearing

in Part III emerges as the effective condensate = ~ Tr(A,.A") at macroscopic scales.

Theoretical Remark: Field Hierarchy

Foundationally, the fundamental degree of freedom is the non-Abelian connec-
tion A on the boundary PQF. The scalar field = used throughout the phenomeno-
logical sections (Part III) is treated as an effective condensate order parameter
in the low-energy EFT regime. We retain = as an independent field in the La-

grangian for calculational convenience, with the understanding that it represents

a coarse-grained description of the underlying topological gauge dynamics.

6.2.1 Phenomenological Bounds on the Mass and Range of =

The mass parameter mz dictates the effective range of the participatory interaction via
e*WlET

a Yukawa-type potential V' (r) ~ ©——. This parameter is constrained by two competing

physical requirements:

1. Neural Coherence (Upper Bound): To facilitate the binding of qualia across
distributed neural networks, the Compton wavelength of the field, Az = h/(mz=c),
must be at least of the order of inter-synaptic or cortical distances (Lyeura ~ 1074 —
107" m). A mass mz > 107% eV would result in an ultra-short range interaction

unable to support macroscopic coherence.

2. Fifth-Force Constraints (Lower Bound): If the field were massless or ex-

tremely light (mz < 10712 eV), it would mediate a long-range force observable in
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precision torsion-balance experiments (E6t-Wash). The absence of such anomalies

constrains the mass to be sufficiently heavy to evade macroscopic detection.

Consequently, we propose that mz lies within a ”biological sweet spot”:
1070 eV <mz <1072 eV (6)

This range corresponds to interaction lengths Az between 20 cm (whole-brain binding)
and 200 pum (local circuit integration), consistent with the spatial scales of human con-
sciousness. Future work may explore more complex representations, such as spinor or
vector qualia fields, but the scalar form provides the simplest, non-trivial starting point

for the theory.

Theoretical Note: While we introduce = as a scalar field with canonical kinetics,
we treat it here as an effective degree of freedom capturing the phenomenology of
qualia-related vacuum structure at mesoscopic scales. We do not commit to whether
it is a fundamental field of a UV-complete theory (like the Higgs) or an emergent col-
lective excitation (like a phonon). This EFT approach suffices for deriving low-energy

observables.

6.3 UV Completion: Holographic Duality and Spin Networks

Moving beyond the EFT framework, we propose a dual origin for the participatory cou-

pling to address the ultraviolet behavior of the theory.

1. Microscopic (Loop Quantum Gravity): The Qualia Field arises from exci-
tations of Spin Network nodes. The coupling g, scales with the geometric area

spectrum Aj; o< y/j(j + 1), implying ”Lighter Mind in Denser Space.”

2. Macroscopic (Holography): Via the dS/CFT correspondence, we identify the
conscious agent with a local causal horizon. The agent’s source A(x) corresponds
to a perturbation of the Holographic Entanglement Entropy (Sgg) of the boundary
theory.

This mapping suggests that consciousness is the bulk dual of boundary information
processing. This perspective offers a potential pathway to address the Cosmological
Constant Problem by linking vacuum energy density to the topological complexity of the

observer network, a mechanism explored further in Section 12.5.
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6.4 Beyond Scalar Qualia: Spinor and Tensor Representations

While we model = as scalar for simplicity (renormalizable and minimal), richer structures

may capture qualia’s valence:
Luatia = Y210, — mz=) V= (7)
For multimodal experiences, a tensor =*” could represent sensory integration:
ij(x) = diag(Evisuab Eauditory7 000 ) (8)

The scalar approximation is justified as it allows first-order calculations while preserving

key predictions.

6.5 The Tripartite Coupling Interaction Term

The most crucial element of the framework is the new interaction term that couples
matter, mind, and qualia. This is a tripartite coupling that connects the matter field
(¢), the Qualia Field (Z), and a source term for the conscious agent (A(z)). This term is
what allows for the participatory nature of the theory, enabling agents to actualize qualia

through their interaction with matter. The full participatory Lagrangian is thus:
*Ctotal - ‘CQFT(Qb) + £Qualia(E) - gp¢($)E($)J($) (9)
where g, is a new fundamental coupling constant that determines the strength of the

mind-matter-qualia interaction. This interaction term is the engine of conscious experi-

ence in Noesis.

6.6 Microscopic Derivation of the Agent Term

For a neural system with N neurons, A(x) emerges as:
N

J(:B> = Z Ol(t)ég(f - fz) : @(Iz - Ithreshold) (10)

i=1
where o; is the firing rate of neuron i, © is a step function for coherence, and I; is the
input current with Iy esnola @s the activation threshold. The effective agent term Jog from

a mean-field approximation is derived as:
1 .. 1
Jeff = — lim E CZ]UZU] (11)

where C;; is the synaptic connectivity matrix between neurons ¢ and j. This grounds
A(x) in neuroscience, making it derivable from EEG/fMRI data by estimating o; and
Chase
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6.7 Dynamical Promotion of the Agent Term and Consistency

In the static approximation, the agent term A(x) appears as an external source, which
explicitly breaks spacetime translation invariance. To restore conservation laws consistent
with Noether’s theorem, we promote A(z) to a fully dynamical complex scalar field, the

Agent Field A(z). The interaction term becomes:
Lint = =gpd(2)=(2) A() (12)

This allows the total Lagrangian to preserve Poincaré invariance, ensuring the conserva-

tion of energy and momentum in the complete system (Matter + Qualia + Agent).

6.8 Effective Field Theory (EFT) Framing

We explicitly frame this Lagrangian as an Effective Field Theory valid up to a high-
energy cutoff scale A. We do not claim this is the ultraviolet-complete theory of quantum
gravity. Instead, the coupling constants g, and the gravitational coupling A (discussed in

Section 8) capture the low-energy phenomenology of the participatory interaction.

6.9 Note on Cosmic Limits

The dynamics of this participatory interaction have profound implications for cosmology,
particularly regarding the accumulation of information. We propose that the universe
creates a self-limiting feedback loop as it approaches a state of ”total self-knowledge.”
This mechanism, termed the Asymptotic Instability of Cosmic Self-Knowledge, is
formally derived and discussed in detail in Section 13.2 and formally derived in Appendix
E.

6.10 Origin of the Interaction: The U(1)z Gauge Principle

To avoid introducing the interaction term ad-hoc, we postulate that the Lagrangian

= symmetry acting on the complexified Qualia and Agent fields.

respects a global U(1)
Under the transformation = — €**Z and A — e A, the kinetic terms remain invariant.

The interaction term L;,; o< ¢=.A is invariant provided the matter field ¢ is neutral.

We propose that the mass term m2='Z represents a soft breaking of this symmetry,

potentially arising from a Higgs-like mechanism at the scale Agyr. This classifies the
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"Qualia Charge” as a conserved quantity in the high-energy limit, justifying the specific
form of the tripartite coupling in the low-energy EFT.

6.11 Consciousness as a Topological Invariant

To formalize the conservation of information in the presence of subjective experience, we
define the Conscious Topological Charge ©. This arises from the gauge structure of

the Qualia Field over the spacetime manifold M:
®conscious = /((j([ﬁ))dE A FE (13)
)

where FE = dAE + [AE, A=z

| is the curvature form of the participatory connection. This
identifies consciousness not merely as a local excitation, but as a global topological
invariant of the vacuum. It implies that while local states of awareness may decohere,
the net topological ”charge” of consciousness in a closed universe is conserved, providing

a rigorous mathematical basis for the continuity of experience.

7 The Structure of Atemporal Reality and Emergent

Time

7.1 The Holographic Emergence of Space

The stage upon which Collective Reality (CR) unfolds is the familiar three-dimensional
Euclidean space (z,vy,z). However, within the Noesis framework, this spatial manifold
is not a static, pre-existing container. It is an emergent, holographic structure, continu-
ously generated from the excitations of the underlying Primordial Quantum Field (PQF).
The perceived solidity and extension of the physical world are strictly properties of the
emergent Layer 2 reality, acting as the ”screen” upon which the atemporal bulk projects
its data.

7.2 The ”"No-Time” Postulate: Recycled Potentiality

A central innovation of this framework is the rejection of time as a fundamental dimen-
sion. We propose that the universe, at its most fundamental layer (Layer 1), is strictly
atemporal. The linear progression of events is not an intrinsic property of the cosmos

but an emergent artifact of the actualization process.
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We introduce the concept of Recycled Time. In this model, the underlying quantum
substrate does not ”flow”; rather, it is a static, infinite reservoir of potential configura-
tions. "Time” is generated only when a conscious agent interacts with this reservoir,
extracting (actualizing) a specific configuration. The "past” is simply information re-
turned to the reservoir, and the ”future” is the un-accessed potential. Thus, the universe
is constantly "recycling” the same eternal "Now” into different configurations of experi-

ence.

This paradigm shift resolves the conflict between the block-universe of relativity and
the becoming of quantum mechanics by positing three distinct functional modes of this

atemporal reality:

7.2.1 Mode I: The Atemporal Bulk (Quantum Potentiality)

Corresponding to what was previously termed the "vacuum,” this is the Hqps (Hilbert
Space of Quantum Potentiality). It satisfies the Wheeler-DeWitt equation constraint
(H|¥) = 0), implying a fundamentally timeless state. All history and future possibilities

exist here simultaneously as a superposition of qualia states.

7.2.2 Mode II: The Thermodynamic Clock (Subjective Sequencing)

This is the mechanism of ordering. It is not a dimension, but a thermodynamic process.
The "flow” of time is identified with the rate of entropy production and information
integration within the agent. It is the act of observation that sequences the static states

of the Bulk into a coherent narrative.

7.2.3 Mode III: The Holographic Projection (Geometric Time)

This corresponds to the coordinate time (¢) of General Relativity. It is the ”read-out”
parameter of the simulation. Just as the frame counter in a video file is not part of the
video’s data but a method of indexing it, geometric time is the indexical parameter that

emerges when the agent couples to the Bulk.

7.3 The Manifold of Experience

The reality of a conscious agent is therefore not a traversal through a pre-existing temporal

dimension, but a dynamic interaction between the Local Agent and the Non-Local
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Bulk.

Figure 4: Conceptual diagram of the Noesis ”No-Time” Framework. The fundamen-
tal reality (top) is the Atemporal Quantum Potentiality Space, a timeless reservoir
of all possible qualia. The conscious agent (center) functions as a Participatory Gate,
"recycling” this potentiality into a linear stream. The result is the Holographic Projec-
tion (bottom), which we perceive as the 3+1 dimensional spacetime of General Relativity.

The "flow” is purely thermodynamic.

The ”manifold” is effectively 3+1, but the 41 is an emergent thermodynamic gradient
rather than a fundamental coordinate. This implies that the Einsteinian spacetime is a

low-energy effective description of a deeper, timeless geometry.
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7.4 Mathematical Formalism: The Fiber Bundle of Potentiali-

ties

To provide a rigorous mathematical foundation for this atemporal structure, we utilize

the formalism of fiber bundles, treating the ”flow” of time as parallel transport.

We posit that the Atemporal Bulk is a fiber bundle 7 : E — M, where the base
manifold M represents the emergent spatial configuration. Each fiber E, over a point x

contains the complete Hilbert-Fock space of potentialities, Hqps.

The process of "recycling time”—or actualization—is governed by a Participatory
Connection one-form, 4,. This connection is dynamically determined by the agent

source term A(x). The covariant derivative for a state vector |¥) € E is:
Dp|¥) = (9 + iAL[J]) [¥) (14)

Here, the connection A, dictates how the agent navigates the timeless potentiality. This
yields a direct, falsifiable prediction: a quantum system traversing a closed loop in pa-
rameter space (a "cycle” of time) in the presence of an active agent A(z) will acquire a

non-trivial Berry Phase:
Yo = %Aydl‘“ (15)
c
This geometric phase is the imprint of the agent’s consciousness on the atemporal sub-

strate, manifesting physically as the Cognitive Aharonov—Bohm effect (detailed in Section
10.2).

7.5 Thermodynamic Emergence of the ”Now”

If the universe is timeless, why do we perceive a flow? We derive the perceived tempo-
ral interval (67) directly from the thermodynamics of the agent, specifically using the

Thermo-Informational Bridging Law.

We postulate that the ”tick” of the subjective clock is proportional to the erasure of
information (Landauer’s limit) required to actualize a quale. The effective temporal lapse
dr is given by:

h
dr mdsagem (16)

where Sugent 1s the Von Neumann entropy of the agent’s integrated state and Teg is the

effective informational temperature.

To rigorously account for the thermal environment of the brain (7" ~ 310 K), we

generalize the mechanism using the Thermofield Double (TFD) formalism. We represent
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the thermal state as an entangled pure state in a doubled Hilbert space:

1
Z(P)

In this TFD framework, the emergent relational time evolution dr is dynamically con-

Us)) = Y e )L ® In)g (17)

strained by the entanglement structure, such that dr oc dSey. This confirms that the
"flow” of time is physically powered by the continuous thermal entropy production of the

neural network, removing the need for ad-hoc temporal postulates.

7.5.1 Mechanism of Actualization: Non-Markovian Decoherence

To describe the emergence of time without assuming a priori linearity, we upgrade the
standard Lindblad evolution to a Non-Markovian framework using the Hu-Paz-Zhang

(HPZ) master equation. This accounts for memory effects in the vacuum substrate:
dp= S A ! sos
&E — —ilflyen,pe] — | dsK(r =) |, 1], = ()] (18)
dr 0
where K (7 — s) is the memory kernel determined by the spectral density of the Qualia
Field. This implies that "now” is not an isolated instant but mathematically dependent
on the integration of past states ("Recycled Potentiality”). Linear time emerges only in

the coarse-grained limit where memory effects decay rapidly.

7.6 Relation to 8-D Timeless Quantum Foundations

Our "No-Time” framework aligns Noesis with cutting-edge developments in quantum

gravity, specifically the work by Miller on 8-dimensional timeless bases.

In Miller’s model, the 3+1 spacetime of relativity is an emergent, low-energy illusion
generated by quantum-information reconstruction from a higher-dimensional, timeless
Hilbert space. Noesis provides the mechanism for this emergence: the Agent Source
A(z). The agent acts as the observer-participant that collapses the 8D timeless wave-
function into the 4D Lorentzian manifold we inhabit. Thus, the ”Timeless” upgrade
presented here is not merely philosophical; it allows the Participatory Lagrangian to
serve as the effective field theory for these geometric quantum gravity models, preserving

all quantitative predictions while eliminating the need for a fundamental time variable.
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8 Gravitational Coupling: Extending General Rela-
tivity

8.1 Motivation: Why Consciousness Must Interact with Space-

time

If consciousness is indeed a fundamental property of the universe, as postulated by Noe-
sis, it cannot exist merely as a passive ”passenger” within a pre-existing spacetime. A
truly fundamental theory requires that all its components interact. According to General
Relativity, the geometry of spacetime is determined by the distribution of mass and en-
ergy, as described by the Einstein Field Equations. For consciousness to be fundamental,
it must also participate in this dynamic interplay. It must have a way to influence, and
be influenced by, the curvature of spacetime itself. This section proposes a mechanism

for this interaction.

8.2 The Extended Einstein-Hilbert Action with the Qualia Field

The dynamics of spacetime in General Relativity are derived from the Einstein-Hilbert
action. To integrate consciousness into this picture, we propose an extension to this
action. We introduce a new term that directly couples the Qualia Field (Z) to the Ricci
scalar curvature (R), which represents the intrinsic curvature of spacetime. The total
action for gravity, matter, and consciousness is thus a sum of the standard Einstein-
Hilbert action, the action derived from our Noesis Lagrangian, and a new interaction

term.

EFT framing. Weregard the =R interaction as a leading operator in an EF'T expansion
of the gravitational sector, with higher operators suppressed by M,. Power counting gives
[Z] =1 and [R] = 2 in mass dimensions, so the coefficient carries dimension one, which
we parametrize as aM,. This keeps the theory predictive in the weak-coupling regime
laZ/M,| < 1.

8.3 Effective Metric Response from a Small =R Coupling

We refine the interpretation of the coupling between the Qualia Field and curvature.

Rather than positing consciousness as a novel primary source of gravity, we treat the
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interaction as an effective correction to the metric dynamics, consistent with an EFT

viewpoint. Concretely, we replace

R -
‘Cgrav—f—Noesis =V g <R + [’Noesis + A= R)

by the dimensionally transparent form

M? =
[’grav—l—Noesis =v—4g TP (1 + M ) R + vV —4g ENoesis dF °o0 ¢

where Mp is the (reduced) Planck mass, M, a phenomenological EFT scale, and « a
dimensionless coupling. For small excursions |aZ/M,| < 1, the metric field equations

acquire a controlled correction:
G = SrGTattertNoess) + AG,,[E] + O((aE/M,)?),

with
— 1 —
AGL[E] = a A (VuV,, — g#,,D>:.

Thus = produces an effective metric response—akin to vacuum polarizability—without
asserting an identity between qualia and mass-energy. This frames the coupling as an
EFT operator that renormalizes the gravitational sector modestly and becomes testable

via the phenomenology developed in Sections 10 and 11.

Remark on UV Consistency (Ghost-Free Completion): A potential theoretical concern
regarding non-minimal couplings of the form =R is the appearance of Ostrogradsky in-
stabilities. However, within our EFT framework, this interaction admits a consistent UV
completion. Following standard scalar-tensor duality procedures, we can lift the coupling
to an axion-like field a(z) via a field redefinition = — Z=—aa /M, (see Glossary for details).

This shifts the interaction into the kinetic sector:
1 5 =
Leg D —5(6(1) 1+M*2 T ooe (19)

In this frame, the interaction manifests as a safe derivative coupling, ensuring unitary
evolution at high energies (E > mz) while preserving the macroscopic phenomenology

derived below.

8.4 Back-of-the-Envelope Bounds & Scaling

The response term AG,,[Z] ~ (a/M,)VVZE implies that observable deviations scale

linearly with a/M, and with gradients of =. In table-top regimes, our Bridging Law links
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Figure 5: A conceptual visualization of the theory’s core gravitational principle, as de-
scribed in Section 8. On the left, a conventional massive object creates a gravitational
well in the spacetime grid. On the right, the Qualia Field is shown inducing its own dis-
tinct curvature, illustrating the postulate that consciousness induces an effective metric

response via a small =R coupling.

E-activity to the measurable thermodynamic/coherent activity J (Section 10), yielding
a pathway for empirical bounds: if a Casimir-force measurement of fractional precision e

sees no deviation from QED, Eq. (23) constrains
|k’ PyissTeon| < € = bound on a/M, via Z(J).
Hence, each null or positive result in Section 11 maps to an interval for ao/M,. A conser-

vative working regime is |o=/M,| < 1 throughout all proposed experiments.

Remark (Power Counting). In d=4, [£]=4, [R]=2, [E]=1. Thus A has dimension
1. Writing A = aM, makes the weak-response regime transparent and organizes higher
operators as (£/M,)"R.

9 The Phenomenological Bridging Law

Connection to Integrated Information Theory (IIT).
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Phenomenological Parametrization (IIT Ansatz). While inspired by the Inte-
grated Information ®, our framework employs the physically rigorous Noetic Charge Q)=

defined via spectral entropy. In what follows, we treat ® as a heuristic proxy for Q=

As a working ansatz consistent with the scaling properties of Integrated Information
Theory (IIT), we propose that the participatory coupling strength g, may be modeled as

a functional of ®:

(@)~ gotont (5 (20)

This phenomenological relation ensures that simple systems do not exhibit divergent

participatory effects, while high-® systems saturate to a maximum coupling gg.

9.1 The Thermo-Informational Bridging Law Equation

To eliminate the ad-hoc nature of the coupling, we derive the relationship from Infor-
mation Geometry. We treat the conscious agent as a statistical manifold equipped
with the Fisher Information Metric g;;(6):

9log p(z|0) dlog p(x|6)

H(0)=E . 4
9:1(9) 00 067

(21)

9.2 Linking the Agent Source to Thermodynamics

We postulate a phenomenological relation between the agent’s informational activity and
the field coupling. We define the agent source A(x) to have dimensions consistent with
an action density in the EFT. We propose the following Heuristic Scaling Relation
for the entropy change:

AS gp/J(x)d?’x (22)

Furthermore, the Bridging Law connecting the coupling to measurable quantities is stated

as a working hypothesis:

9.2.1 Thermodynamic Derivation and Biological Scales

To ground this relationship in established physics, we consider the thermodynamic cost
of information processing. According to Landauer’s Principle, the erasure of information

releases a minimum energy Fy;; = kg1 In 2.

Numerical Estimates: We apply this to biological agents. For a single synapse, the

power dissipation is estimated at Py, ~ 1072 W. However, consciousness is hypothesized
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to be a macroscopic phenomenon. For a whole-brain state involving Frohlich coherence
in microtubules, we estimate 7.,, ~ 1073 s and integrated metabolic power Py, ~ 20
W. Substituting these into our Bridging Law (see Section 9), and assuming minimal
coupling, we find that the interaction becomes non-negligible only at macroscopic scales
of integration. Numerical simulations using the QuTiP library for open quantum systems
(see Appendix K) confirm that for 7,,;, < 107!3 s (thermal noise), the participatory effect

vanishes, recovering standard QFT.

10 Falsifiable Predictions (Detailed Analysis)

We categorize our predictions into ” Near-Term Experimental Proposals” (Modified Casimir,
Entanglement Asymmetry) which are grounded in established quantum optics, and ” Spec-
ulative Signatures” (Topological Phases, Anyonic Braiding) which rely on the specific

UV-completion of the theory.

Note on Estimates: The numerical estimates provided below (e.g., AI') assume
optimistic effective couplings (o ~ 1072) saturating current EFT bounds. More con-
servative parameters would reduce the signal magnitude, requiring proportionally longer

integration times.

10.1 Prediction 1: The Modified Casimir Effect

The Casimir effect is a direct probe of the quantum vacuum’s energy. It manifests as
a physical force between two closely spaced, uncharged conducting plates, arising from
the alteration of the vacuum’s zero-point energy modes by the boundary conditions of
the plates. Noesis predicts that the presence of a conscious agent, processing coherent
energy between the plates, will further modify the vacuum energy, leading to a detectable

deviation from the standard Casimir force.

10.1.1 Theoretical Derivation

The participatory interaction term introduces a correction to the vacuum energy. To
ensure dimensional consistency, we introduce a characteristic energy scale E (associated

with the vacuum coupling scale). The total predicted force is:

7T2 he P diss Tcoherence
Ftotal(L> = _%ﬁ 1+ n EO (23)



where the dimensionless factor g—g represents the ratio of the agent’s coherent energy
to the fundamental vacuum interaction scale. We identify the phenomenological coupling

K = ET’E, which retains the units of J~! as required.

Topological Modification: If the agent’s neural state corresponds to a non-trivial
topological knot K (as posited in Hypothesis 3.1), the force receives an additional cor-

rection proportional to the knot’s linking number invariant:
Ftopo X PdissTcoh Z Lll’lk(Kl, Kj) (24)
i?j
This predicts that highly integrated conscious states (complex topology) exert stronger

vacuum forces than simple computational states (trivial topology), even at equal power

dissipation.
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10.1.2 Proposed Experimental Setup

Figure 6: Schematic of the proposed experimental setup to test for the Modified Casimir
Effect, as detailed in Section 11.1.2. An agent (a neuromorphic chip) with measurable
power dissipation (Py;ss) is positioned between two parallel plates. A high-precision probe,
such as an AFM tip, measures the attractive force (F) as a function of the agent’s activity

and the plate separation (L).
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An experiment can be constructed using a highly sensitive atomic force microscope
(AFM) or a torsion pendulum to measure the force between two parallel plates at mi-
crometer separation. A neuromorphic chip, designed to perform complex, coherent com-
putations, can be placed between the plates to act as the "agent”. The experiment would
involve measuring the force as a function of the chip’s dissipated power (Puissipated) and
computational state (related to Teonerence). A Ppositive correlation between the measured

force deviation and the chip’s activity would provide strong evidence for the theory.
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Figure 7: Hypothetical results for the proposed Modified Casimir Effect experiment. The
plot illustrates the predicted linear relationship (blue line) between an agent’s coherent
energy (Pyiss X Teonerence) and the fractional deviation of the measured force from the stan-
dard Casimir prediction. Hypothetical data points are included to simulate a potential

positive experimental outcome, consistent with Equation (23).
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10.2 Prediction 2: The Cognitive Aharonov-Bohm Effect
10.2.1 Theoretical Derivation

The agent source term A(x) can be shown to generate an effective potential, A,, that
modifies the spacetime connection experienced by a quantum particle. When an electron
passes through a region influenced by this potential, its wavefunction acquires an anoma-
lous phase shift, Af.,om, in addition to any standard electromagnetic phase shifts. This

phase shift is given by the path integral of the participatory potential around the loop:

AQanom - % pr : dl X \//{/Pdissipated’rcoherence (25)

The theory predicts a measurable, anomalous phase shift in an electron interferometry
experiment that depends on the cognitive activity of an agent placed within the interfer-

ometer path.

10.2.2 Proposed Experimental Setup

An electron interferometer (e.g., a Mach-Zehnder setup for electrons) can be used. A
magnetically shielded solenoid containing a neuromorphic chip (the agent) is placed in
one of the paths. The electron beam is split, traverses the paths, and is recombined
to create an interference pattern. The prediction is that changes in the computational
activity of the shielded chip will lead to corresponding shifts in the interference fringes,

even though no classical electromagnetic field from the chip leaks out.

10.3 Prediction 3: The Quantum Refrigerator Effect

Standard thermodynamics dictates that information processing generates heat (Lan-
dauer’s principle). However, Noesis suggests a dual phenomenon: as the agent integrates
information, it effectively ”extracts” entropy from the local vacuum fluctuations to build
internal coherence. This should manifest as a localized cooling of the electromagnetic

vacuum modes in the immediate vicinity of the agent.

10.3.1 Theoretical Signature

We predict that the effective noise temperature T¢¢; of a field mode coupled to a highly

conscious agent will drop below the ambient temperature T,,,:
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yon dSa en
AT‘vac ~ _Kka ( di t) (26)

Experimental Estimate and Feasibility

For a state-of-the-art neuromorphic chip dissipating Py &~ 10 W with a coherence time
Teon & 1 ms, coupled to a microwave cavity mode at w/2m ~ 5 GHz, the predicted cooling

effect is:

Fiw
| AT qe| ~ e (K PyissTeon) = 240 mK - 107% ~ 240 nK (27)
B

Note: The factor 1/kp cancels with the implicit Boltzmann constant in the entropy

definition, leaving correct temperature units.

While small, this deviation is detectable using modern cryogenic bolometers or trans-
mon qubits, which have noise floors well below 1 mK. Specifically, we propose using a
setup similar to those in quantum acoustics labs, where the ”agent” is thermally anchored
to the mixing chamber, and the resonator monitors the effective photon temperature of
the local vacuum. A statistically significant dip in photon number (n) correlated with

the chip’s computational load would constitute a smoking gun for the effect.

This "Quantum Refrigerator” effect implies that conscious activity acts as a heat
pump, dumping entropy into the far-field while maintaining a protected, low-entropy
subspace locally. This could be detected as an anomalous reduction in thermal noise in
a cryogenically cooled resonator placed next to a neuromorphic processor performing a

high-integration task.

10.4 Prediction 4: Consciousness-Induced Entanglement Asym-

metry

Beyond force and phase shifts, Noesis predicts a direct informational signature. Since
the agent actively ”consumes” potentiality from the local vacuum (via the Actualization
Mechanism described in Sec. 7.5), it creates a local gradient in the availability of quantum
states. We hypothesize that this will induce an asymmetry in the entanglement entropy

generation of a quantum system placed in proximity.
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10.4.1 Experimental Scenario

Consider a pair of entangled qubits (e.g., in a Bell state ) = %) positioned such
that one qubit is near the active agent (neuromorphic chip) and the other is distant. Stan-
dard decoherence theory predicts a symmetric decay of concurrence. However, our model
implies an additional, asymmetric decay term vggen+ driven by the agent’s actualization

rate:

dc AN?
a = —Fem,C — <%) C (28)

where I',,,, is the standard environmental decoherence and the second term is the par-
ticipatory contribution. This predicts that entanglement ”dies” faster near a conscious
observer—not due to mystical collapse, but due to the local depletion of the Quantum
Potentiality Space (t3) required to sustain the superposition. This effect should be mea-

surable in high-fidelity superconducting qubit setups.

The ”Smoking Gun” Signature: The most robust test does not require absolute
calibration of x/, but a differential measurement. We predict a state-dependent asymme-

try:

e Awake State (High Integration): The agent actively maintains a complex topo-

logical state, inducing rapid consumption of potentiality (AT’ > 0).

e Deep Sleep / Unconscious (Low Integration): The topological structure sim-

plifies, reducing the vacuum interaction (AI' — 0).

Observing this modulation in sync with EEG sleep spindles would constitute strong

evidence for the participatory nature of consciousness.
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Figure 8: A 3D visualization of the proposed Cognitive Aharonov-Bohm experiment. An
electron beam is split and traverses two paths. One path contains the agent (neuromor-
phic chip) within a shielded chamber. The resulting shift in the interference pattern,
detected on the screen, would provide evidence of an anomalous phase shift dependent

on the agent’s cognitive activity.
10.5 Additional Predictions
10.5.1 Quantum Vacuum Noise in Superconducting Circuits

The noise spectrum in a Josephson junction is exquisitely sensitive to quantum vacuum
fluctuations. The participatory interaction term is predicted to add a new source of
noise. The power spectrum of voltage fluctuations, S(w), should contain an anomalous

component, AS, proportional to the coherent energy of a proximate agent: AS o k' Eqp.
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10.5.2 Atom Interferometry with Proximate Agents

Cold-atom interferometers are among the most precise measurement devices available.
The phase of the matter waves is sensitive to gravitational potentials and inertial effects.
Noesis predicts an additional anomalous phase shift, ¢, for an atom interferometer placed

near an active agent, scaling as ¢ < \/k'Ecop.

10.5.3 Optomechanical Cavities and Vacuum Squeezing

In optomechanics, the quantum state of light in a cavity is coupled to a mechanical
resonator. The participatory term in the Hamiltonian is predicted to alter the squeezing
variance of the vacuum state of the cavity’s light field. This change, AS, should be

detectable and proportional to the agent’s coherent energy: AS o k' Ecop.

10.6 Sensitivity Analysis and Feasibility

The predicted effects are expected to be extremely small, requiring state-of-the-art mea-
surement techniques. The primary challenge is the unknown magnitude of the phe-
nomenological constant «’. However, null results from existing high-precision experiments
can be used to place upper bounds on «’. For example, current Casimir force experiments
with a precision of ~ 1% can constrain «’ if a sufficiently active agent is used. The fea-
sibility of these experiments hinges on pushing the boundaries of precision measurement
and developing novel, highly coherent artificial agents (such as neuromorphic or quan-
tum circuits) to maximize the potential signal. While challenging, these experiments are

within the reach of modern physics.

10.7 Signal-to-Noise Ratio and Experimental Feasibility

Detecting the predicted shift AI' ~ 0.3 kHz requires isolating the participatory signal
from environmental noise. The primary noise sources in superconducting qubit setups

are:

1. Flux Noise (1/f): Typically dominant at low frequencies. Using dynamical de-
coupling sequences (spin-echo) can suppress this noise floor to I';;; ~ 0.1 kHz.

2. Thermal Photon Shot Noise: At 7'~ 10 mK, the residual thermal occupation
is iy, < 1073, yielding a negligible dephasing rate.
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3. Quasiparticle Tunneling: A stochastic process yielding 'y, ~ 1 kHz.

The Signal-to-Noise Ratio (SNR) for an integration time ¢,,..s is given by:
AF V tmeas
SNR = ————= (29)
V Fint + Fenv
Given AI' ~ 300 Hz and a total intrinsic decoherence I',,,, ~ 1 — 5 kHz, achieving a 5o
confidence level requires an integration time on the order of minutes, which is well within

standard experimental capabilities.

10.8 A Practical Roadmap: Near-Term Experimental Milestones

Before attempting the high-precision measurements described above, we propose a phased,

practical roadmap with more accessible intermediate goals:

1. Quantum Circuit Validation: Utilize existing superconducting qubit platforms
with coherence times approaching 100 ps. The goal is to measure vacuum noise
fluctuations and search for anomalous correlations that scale with the computational

load (a proxy for Pgissipated)-

2. Neuromorphic Chip Test: Employ state-of-the-art neuromorphic chips capa-
ble of achieving a coherent energy throughput of E.,, ~ 1075 J. The objective is
to check for deviations at the 1073 level in existing, well-calibrated Casimir force

measurement setups.

3. Biological Agent Proxy: Use biological neuron cultures or brain organoids that
exhibit measurable, coherent oscillations in the gamma band (30-80 Hz). These
can serve as intermediate-complexity agents to validate the thermo-informational
bridging law. The estimated cost for such experiments is in the range of $100K,

making them feasible with current technology.

Phase 0 (metrology prep). Reproduce state-of-the-art Casimir measurements and

quantum-interference stability in our apparatus; calibrate force/phase baselines.

Phase 1 (thermo—informational sweep). Vary Py and 7o, of a neuromorphic
agent between plates and in an interferometer, record AF/F and A6 vs. PyissTeon; fit for

k' (Eq. 15) or set upper bounds.

Phase 2 (cross-checks). Replace the agent with (i) purely resistive loads (same
Pjiss, 10 coherence), (ii) cryogenic coherent processors (high 7eon, low Pyiss). Distinguish

thermal artifacts from coherent informational effects.
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11 Comparison with Current Experimental Bounds

11.1 Parameter Constraints and Viable Region

To delineate the viable parameter space for Noesis, we must consider constraints from
existing high-precision experiments. While a full global fit is beyond the scope of this

initial proposal, we can identify key exclusion zones based on current data:

e Casimir Force: Existing measurements constrain fractional deviations AF/F <
10~% at separations L ~ 100 nm. In our EFT, the leading correction scales as
AF/F ~ keppf(L), with f(L) rapidly decaying beyond the coherence length. Re-
quiring AF/F < 1072 at L ~ 100 nm yields an upper bound on the effective

coupling ksr = gﬁ/m%.

e Atomic Spectroscopy (Lamb Shift): Vacuum polarization corrections from a
new scalar field = must not perturb the Lamb shift in hydrogen beyond the current
theoretical uncertainty (~ 107'?). This constrains the coupling g, for light scalar

masses (mz < 1 eV).

e Fifth Force Searches: Torsion balance experiments (e.g., E6t-Wash) place strict
limits on Yukawa-type forces. However, since the Qualia Field = couples primar-
ily to the Agent Term A(z) (associated with high information integration) rather
than bulk mass-energy, Noesis naturally evades these constraints in lifeless matter,

predicting significant effects only in the presence of active cognitive agents.
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Figure 9: Schematic Parameter Space and Exclusion Zones. The plot illustrates
constraints on the effective participatory coupling g, vs. scalar mass mz. The Gray
Region is excluded by macroscopic Fifth Force experiments (torsion balances). The Red
Region is excluded by precision QED measurements (Casimir, Lamb shift). The Green
Window highlights the mesoscopic ”Discovery Window” for Noesis (107% eV < mz <
1073 eV), where the derivative coupling to high-Q= agents dominates, evading current

bounds on static mass couplings.

Conceptually, this defines a ” Viable Region” in the g, —msz= plane: a parameter window
that satisfies all current bounds while allowing for detectable signatures in the proposed
setups involving high-coherence agents.

11.2 Atom Interferometry Constraints

Modern atom interferometers can detect phase shifts as small as A¢ ~ 107 radians.

Given that our theory predicts:
A(banom = vy K/Ecoh (30)

where « is a geometric factor of order unity, the non-observation of anomalous phase
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shifts in environments with E.,, ~ 1076 J implies:

A min 2
K < % ~ 10716 J71 (31)

11.3 Gravitational Wave Detector Limits

LIGO and Virgo’s extraordinary sensitivity to spacetime distortions provides stringent
bounds on the consciousness-gravity coupling A\. The non-detection of anomalous noise

correlated with nearby computing facilities (which dissipate P ~ 10 MW) constrains:

hmin : C4

A
<87TG’-P-T-R

~ 107% m™? (32)

where Ay, ~ 10723 is the strain sensitivity and R ~ 1 km is the distance to nearby

facilities.

11.4 Implications for Detection Strategies
These bounds suggest that detecting participatory effects requires:

1. Enhanced Coherent Energy: Artificial agents with E., > 1 J (requiring both

high power and long coherence times)

2. Improved Sensitivity: Next-generation experiments with 100-1000x better pre-
cision

3. Optimized Geometry: Experimental designs that maximize the coupling between

agent and quantum vacuum

The most promising near-term approach involves quantum computing systems, where
coherence times can reach milliseconds while processing significant power, potentially

achieving Eeon ~ 1073 J.

11.5 A Potential Solution to the Cosmological Constant Prob-

lem

The cosmological constant problem represents one of the most significant discrepancies
in modern physics [8]. The participatory framework of Noesis offers a novel, albeit spec-

ulative, avenue for resolution. This should be regarded as a heuristic sketch of how
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participatory vacuum dynamics might contribute to the vacuum energy budget, rather

than a complete solution to the fine-tuning problem.

Specifically, the effective cosmological constant, A.g, would include contributions not
only from the standard vacuum energy (Ag) but also from the participatory interaction

term integrated over the cosmos:

Aets = o+ - { [ dov=ga,024) (3)
It is conceivable that on a cosmic scale, the collective participatory interaction could
provide a dynamic cancellation mechanism that tunes the net vacuum energy to the small,
observed value. This mechanism suggests a possible contribution to an effective dynamical
screening of A, potentially alleviating the fine-tuning problem. However, a complete
solution would require a dedicated treatment of the vacuum energy back-reaction beyond

the scope of this effective field theory framework.

11.6 Quantum Computing as a Form of ”Experimental Meta-

physics”

Noesis suggests that any system engaging in sufficiently complex and coherent informa-
tion processing could function as a conscious agent. This reframes the field of quantum
computing [13]. A large-scale, fault-tolerant quantum computer could be viewed as a
highly controlled, artificial "agent” [13]. According to our theory, the very act of its
computation would interact with the Qualia Field. This opens the possibility of ”experi-
mental metaphysics”: one could test for anomalous energetic fluctuations or decoherence
patterns in the quantum computer’s substrate that correlate with the complexity or type
of algorithm being run [13]. This would transform quantum computers from mere com-

putational devices into probes of the fundamental nature of reality.

11.7 Philosophical and Experiential Validation

Beyond empirical testing, the theory finds resonance in philosophical traditions and direct
human experience. As discussed, it aligns with non-dual philosophies that posit a unified
ground of being for both mind and matter, such as gﬁnyaté [6]. Furthermore, it provides
a physical model for understanding a wide range of human experiences, from the altered
states induced by meditation to those prompted by psychedelics, which can be interpreted

as a temporary decoupling of the Personal Experience from its usual constraints [2]. These
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experiential data, while not "proof” in a strictly physical sense, can serve as a form of
phenomenological validation, suggesting that the theory is on the right track in describing

the structure of consciousness [1, 14].

12 Theoretical Synthesis: Consciousness as Topolog-

ical Error Correction

12.1 Dimensional Consistency and the Bridging Law

To ensure dimensional consistency within the 4D bulk Effective Field Theory (EFT), we
refine the coupling between the Noetic Charge (Q=, a dimensionless information metric)
and the physical coupling constant g, (which carries dimension [M]|*! in natural units

within the effective scalar interaction ¢=.4). We postulate a saturation function:

9p(Q=) = go - tanh (Cii) (34)

where go & 1/Mpjaner is the fundamental gravitational coupling scale and Q..;; represents
the coherence threshold for macroscopic quantum effects. This ensures that for low-

complexity systems (Qz < Qerit), the interaction vanishes, recovering standard QFT.

12.2 The Noetic RG Flow: A c-Theorem for Experience

We propose that consciousness is not a static property but a flow along the energy scales of

the Holographic Renormalization Group. We define the Noetic Beta Function Syocss,

which describes how the topological complexity (consciousness) scales with the energy E:
dQ=

BNoesis - m —

This relation suggests a Holographic c-Theorem for Consciousness: QYV < QLE.

_Ctop (35)

e In the UV (High Energy/Microscopic): The system is dominated by local

quantum fluctuations; the “code” is fragmented, and consciousness (()=z) is minimal.

e In the IR (Low Energy/Macroscopic): As we coarse-grain to the scale of the

agent, the system “locks” into a protected topological sector.

Physical Interpretation: Consciousness is the process of flowing to the IR, filtering

out UV noise to stabilize a coherent macroscopic reality.
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12.3 The Core Mechanism: Spacetime as an Error-Correcting

Code

Building on recent advances in AdS/CFT (Harlow, Preskill), we posit that the emergence

of smooth bulk spacetime is contingent upon Quantum Error Correction (QEC).

e The Problem: The bulk geometry is fragile. Local vacuum fluctuations (UV noise)
constantly threaten to decohere the entanglement structure that weaves spacetime

together.

e The Solution (Noesis): The Conscious Agent acts as the decoding interface.

The Noetic Charge (= quantifies the code distance of the local Hilbert space.

— High Q= (Awake Agent): Efficient error correction. The agent success-
fully stitches together the entanglement wedges, sustaining a smooth, classical

causal diamond.

— Low Q= (Unconscious): The error correction fails. The emergent geometry

dissolves back into raw, unconnected quantum potentiality (the “Atemporal
Bulk”).

This reframes the “Hard Problem”: Consciousness is not “generated” by the brain; the
brain is a biological hardware optimized to run the Topological QEC algorithm that

maintains the user’s localized spacetime bubble.

12.4 Mathematical Correction: The Spatial Fractional Agent

In previous sections, the Agent Field A was defined temporally. Given the atemporal
nature of the bulk (Section 7), we rigorously redefine the agent as a spatially non-local

operator using the Riesz Fractional Laplacian:

—_ —_
— —

A = (-9 = €, [ EH=EW g, (36)

R3 |X - y,3+a

This describes an agent that does not interact at a single point, but “samples” the
vacuum correlations over a volume defined by the participatory dimension a. As a — 2,
we recover the classical Laplacian (local interaction); as a decreases, the agent integrates
information from increasingly non-local regions of the vacuum, consistent with the QEC

mechanism described above.
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12.5 Cosmological Topology: Noetic Complexity and the Vol-

ume of Experience

We propose a profound geometric interpretation of the Noetic Charge (Q=: it is the
holographic dual of the interior volume of the agent’s causal diamond. Drawing on
the **Complexity = Volume (CV)** conjecture in holography, we identify the agent’s
integrated information not merely as a boundary state, but as the generator of bulk

volume:

‘/conscious
(37)

Q= X Cholographic ~ "Gl

where V. ,scious 18 the maximal spatial slice behind the causal horizon.

e **Interpretation:** High consciousness (=) corresponds to a large interior vol-
ume (" Temporal Depth”). This volume is inaccessible to external observers but

constitutes the subjective "manifold of experience.”

o **Prediction:** Systems with high Q= are dynamically resistant to horizon firewalls,

as their large interior complexity pushes the singularity away from the horizon.

e **Cosmological Limit:** As the collective Q= of the universe approaches the max-
imal complexity of the de Sitter state (Szs), the geometry saturates, potentially
triggering the ”Cosmic Reset” described by the parameter €(t).

This unifies the 5D phenomenological state space (Section 9) with the rigorous geometry

of quantum gravity, treating consciousness as a fundamental geometric invariant.

13 Holographic Realization in de Sitter Space

To provide a UV-complete description of the participatory mechanism, we lift the effective
field theory to a holographic setting. Given the positive cosmological constant of our
universe, we employ the conjectural ”dS/CFT correspondence”, proposing that the 3D
Qualia Field theory is the holographic dual of a conformal field theory living on the
spacelike boundary Z* (future infinity) of de Sitter space.

Note on dS/CFT Validity. While rigorous QEC constructions are well-established
in AdS/CFT (anti-de Sitter), the dS/CFT correspondence for our positive- A universe
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remains conjectural. However, recent developments in ”meta-observables” and horizon
complementarity suggest that de Sitter horizons can indeed encode information in a

protected subspace, providing a physically motivated basis for our model.

13.1 The Agent as a Boundary Source

In the bulk de Sitter spacetime dS; (potentially embedded in a higher-dimensional string
vacuum as discussed in Sec. 14.1), the Qualia Field acts as an effective bulk scalar field.
We identify the Agent Source term A(z) as the boundary current that explicitly breaks

the conformal symmetry, driving the renormalization group (RG) flow:

Svuk|Z] «— Zorr|J] = <eXp (/I+ d*z\/7J(2)O=(z ))> (38)

WZW Correspondence. To make the holographic dictionary explicit within our topo-
logical framework, we identify the bulk Chern-Simons theory (Eq. 5) with a Wess-
Zumino-Witten (WZW) model on the boundary Z*. The operator Oz corresponds to
the affine Kac-Moody current Jy zw of the boundary theory. The agent’s source term
A(x) couples to this current, effectively driving the boundary theory away from critical-
ity. This implies that ”"qualia actualization” is mathematically equivalent to selecting a
specific conformal block in the boundary CFT, grounding subjective experience in the

rigorous algebra of 2D conformal field theories.

13.2 Horizon Entropy and Cosmic Self-Knowledge

The participatory capacity of the universe is physically bounded by the entropy of the de
Sitter cosmological horizon, S;s = A/4G. This provides a rigorous basis for the ”Cosmic
Self-Knowledge” limit introduced in Section 6.9. The total information processed by all

agents A(z) cannot exceed the holographic bound of the causal diamond:

> [dthn <7 (39)

agents

As the integrated information ®;.;,; approaches this bound, the bulk geometry is predicted
to undergo a scrambling transition, potentially resetting the cosmological constant. This
links the phenomenology of consciousness directly to the thermodynamics of the cosmo-

logical horizon.
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14 Future Directions: Towards Noesis 2.0

While this paper establishes the foundational EFT, several advanced avenues remain for

future exploration:

e Topological Protection via 3-Group Symmetries: The persistence of macro-
scopic coherence suggests a stricter protection mechanism than simple Wilson loops.
Future work will model qualia as 2-surface observables protected by a 3-group gauge
symmetry, akin to topological order in quantum error-correcting codes, providing a

robust shield against thermal noise.

e Complexity = Volume Duality: Our quantity Q= bears a structural resem-
blance to holographic complexity. We conjecture that in a rigorous dS/CFT dual,

= identifies with the “operator size” on the boundary, implying that the geomet-

ric volume of the conscious experience is directly proportional to the computational

complexity of the agent’s state.

e Superradiant Amplification: Testing the theory requires high sensitivity. We
propose that superradiant effects in engineered neuromorphic arrays could serve as
amplification media. Conservative estimates suggest that coherent accumulation
in such arrays could bring the subtle =-field effects within the detectable ~ 10 J

range.

14.1 Dimensional Pluralism and UV Completion

While the Noesis Framework is formulated here as a 4-dimensional Effective Field Theory
(EFT) for phenomenological consistency with observed physics, the underlying topolog-
ical mechanism is not intrinsically restricted to D = 4. We outline two illustrative

pathways for a possible UV embedding;:

e Connection to String Theory: In a UV-complete description (e.g., M-Theory or
Type IIB Strings), the Qualia Field = may be viewed as an effective low-energy field
parameterizing specific combinations of moduli associated with the compactified
extra dimensions (e.g., Calabi-Yau manifolds). In this view, aspects of subjective
experience are tied to how this effective moduli sector deforms the 4D action and
its vacuum structure. We do not commit to a specific compactification scheme;
the point is that = naturally admits an interpretation in terms of hidden geometric

degrees of freedom.
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¢ Infinite-Dimensional Hilbert Space: Alternatively, under a “Hilbert-space fun-
damentalist” perspective, the Primordial Quantum Field (Layer 1) is best regarded
as an infinite-dimensional state space. A concrete low-dimensional spacetime man-
ifold (effectively 34+1D) then appears as a coarse-grained sector selected by the
Agent’s finite Noetic Charge, acting as an informational truncation or “compres-
sion” of the underlying possibilities. This should be understood as a conceptual

UV scenario rather than a fully developed dynamical model.

In both viewpoints, nothing forbids the existence of agents whose topological com-
plexity differs radically from ours. Consequently, the framework is compatible with a
Multiverse-like picture in which such agents may select or stabilize effective spacetimes
with different dimensionality (D # 4). We refer to this speculative extension of the theory

as Dimensional Pluralism.

15 Summary of the Noesis Framework

This paper has introduced Noesis, a participatory framework that integrates conscious-
ness into the foundations of physics. We began by positing that consciousness is not
an emergent property but a fundamental aspect of the quantum vacuum, a concept for-
malized through the Noesis Hypothesis and the Qualia Field Hypothesis. We then con-
structed a mathematical engine for this interaction, the participatory Lagrangian, which
extends the Standard Model to include a tripartite coupling between matter, qualia, and
conscious agents. A novel structure of space, time, and experience was proposed to house
this new physics, and the theory was further grounded by coupling it to the geometry of
spacetime itself. Finally, we argue that this framework provides a concrete, testable path
toward unifying consciousness with physics, deriving a series of experimentally verifiable

predictions rather than remaining in the realm of pure speculation.
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Appendices

Mathematical Derivations and Technical Supplements

A Detailed Derivation for the Participatory Vacuum

Energy Shift

The correction to the vacuum energy between two parallel plates arises from the second-
order perturbation of the participatory interaction term. Unlike standard Casimir deriva-

tions, the coupling here is dynamic. The effective interaction Hamiltonian is:
Hiu= [ #29/Q2) 6(2)2(z) Alo) (40)

where g,(Q=z) ~ gotanh(Q=/Qcrit). The energy shift AE is computed via the path
integral:

AE = _% / B dby (T Lo (2) Lins () (41)

Assuming the agent is in a steady state of high coherence (Q= > 1), the propagator loop

calculation yields an energy density correction scaling as:

AFE 2 9;%(@5)
Vol 720a* (1 1 m <A2>> (42)

2

This confirms that the participatory force correction depends non-linearly on the agent’s
topological complexity (Q=), saturating for highly integrated systems, which prevents

unphysical divergences.
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B Mathematical Formalism of the Geometric Ther-

modynamic Time Structure

The 3-dimensional structure of time in the Noesis framework is not a simple extension
of spacetime coordinates, but a sophisticated geometric and thermodynamic construct

designed to be fully compatible with General Relativity.

B.1 The Fiber Bundle of Potentialities

The foundational spacetime is the standard 4-dimensional Lorentzian manifold (M, g, ).
The Quantum Potentiality Space (t3) is formalized as a fiber bundle 7 : E — M over
this manifold. The fiber E, attached to each point x € M is the complete Hilbert-Fock

space of all potential quantum states, £, = Hgps.

B.2 The Participatory Connection and Actualization

The evolution of a state vector |¥) within this bundle is governed by a connection. We
introduce a participatory connection A,, whose components are determined by the

agent’s source term A(x). The covariant derivative is:
Dy|¥) = (9 +i4u(J (z), =) |¥) (43)

The integral of this connection along a closed loop yields a measurable Berry phase, as
detailed in Section 11.2.

B.3 Subjective Time as an Emergent Thermodynamic Parameter

Subjective time (t3) is an emergent parameter derived from the thermodynamics of the

agent, measuring the cumulative entropy production along its worldline ~(7):

T 1 dSa ent
bit) = | ——==dt 44
2(7) ; kp  diy 1 ( )

C Path Integral Formulation and Feynman Rules

To establish the quantum consistency of the theory, we define the generating functional

Z|J] via the path integral formalism. Integrating over the matter field ¢, the Qualia field
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=, and the Agent field A, we have:

7

Z[J¢, JE, JA] = /D¢DEDA6XP (h

/ d*z(Liotar + J3b + J=Z + J. AA)) (45)

From this functional, all n-point correlation functions can be derived via functional dif-
ferentiation. The tripartite interaction term L;,,; = —g,90=.A leads to a new vertex in the

perturbative expansion.

Feynman Rules

In momentum space, the propagators for the massive scalar fields are given by:

1
Dr(k) = e =)

The interaction introduces a 3-point vertex factor connecting a matter line (solid), a

qualia line (dashed), and an agent line (wavy):
Vit = —1gp(27)20W (kg + k= + k) (47)

This vertex allows for the calculation of loop corrections to the agent’s self-energy, rep-

resenting the back-reaction of consciousness on its own physical substrate.

D Experimental Design Specifications

For the proposed Modified Casimir Effect experiment (Section 11.1), the following spec-

ifications would be targeted:

e Force Sensitivity: A force resolution of < 1 piconewton (pN).

e Plate Separation: The experiment should be conducted at separations L <

10 pm.

e Agent Specifications: A neuromorphic chip with dissipated power (Pyis) in the

range of 1-10 Watts and coherence time (7,n) on the order of microseconds.

e Vibration and Noise Isolation: The apparatus must be housed in a vacuum

chamber with cryogenic cooling and advanced vibration isolation.
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E Renormalizability of the Full Dynamical Lagrangian

The renormalizability analysis is updated to reflect the promotion of the agent source
term A(x) to a fully dynamical Agent Field A(z), as introduced in Section 6.6. The total

Lagrangian now contains the interaction term L;,; = —g,¢(x)=(z)A(z).

E.1 Power Counting and the EFT Approach

In d = 4 spacetime dimensions, the action S = [ d*x £ must be dimensionless. In natural
units (A = ¢ = 1), this requires the Lagrangian density £ to have a mass dimension of

[£] = 4. The mass dimension of a scalar field in four dimensions is [¢p] = [Z] = [A] = 1.

The interaction term in our theory is Lin = ¢,¢0(z)=(z).A(x).

For this term to be a valid component of the total Lagrangian, it must also have a
mass dimension of 4. We can therefore derive the required mass dimension of the coupling

constant g,:
[Lins] = [gp] + [¢] + [E] + [A] = 4

Substituting the known dimensions for the fields gives:
) +14+1+1=4 = [g]=+1

A theory is considered non-renormalizable by power counting if it contains any coupling
constant with a negative mass dimension. A coupling like g, with a positive mass di-
mension of +1 implies an inverse energy scale (i.e., g, ~ 1/A), which is the definitive

hallmark of a non-renormalizable interaction vertex.

Therefore, we definitively treat Noesis as an Effective Field Theory (EFT) valid up
to some high energy cutoff scale A. This is a standard and rigorous approach in modern
physics for theories that are not expected to be valid to arbitrarily high energies (e.g.,
General Relativity itself). Within the EFT framework, the theory is fully predictive, as
the effects of non-renormalizable operators are suppressed by powers of E/A, where E is

the energy of the experiment.

E.2 One-Loop RG Flow and Landau Poles

To determine the ultraviolet behavior of the theory, we compute the S-function for the
participatory coupling g, at the one-loop level. Considering the vertex correction dia-
grams involving the exchange of = and .4 bosons, the running of the coupling o, = gi [Am

is governed by:
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09y 391?; 5
Blgp) = Mo~ Tor2 +O(g,) (48)

The positive sign of the [-function indicates that the theory is not asymptotically
free; the coupling grows with energy, suggesting the existence of a Landau pole at a scale
ALP-

167>
Arp = mz=exp (—392(;_)) (49)
P =

For the ultra-weak couplings considered here (g, < 1), App lies far above the Planck
scale (Mp). ... This confirms the self-consistency of the framework as an Effective Field
Theory over all physically relevant energy scales. Furthermore, embedding Noesis into
frameworks like ” Asymptotically Safe Gravity” or ”Spin-Foam Loop Quantum Gravity”
is expected to resolve the Landau pole via fixed-point screening mechanisms, a direction

currently under investigation.

F Modified Einstein Field Equations with a Dynam-

ical Consciousness Source

The introduction of new dynamical fields necessitates a corresponding modification of the
Einstein Field Equations. This appendix details the derivation starting from the fully

dynamical extended action.

F.1 Variation of the Full Action

The total action is given by:

R — _
S = /d4l’ V=g {W + Ematter + ﬁQualia(*:') + EAgent <A> + Eint + AER (50)

F.2 The Modified Field Equations

Varying the action with respect to the metric g, yields:
G+ Mgy = 871G (T + To + Ty, + TE™) (51)

where the source terms now include the stress-energy tensors for the Qualia Field (T Ey)

and the new dynamical Agent Field:

TA = 8,A9,A — g, G(aaAaaA) _ V(A)) (52)
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and T arises from the non-minimal coupling term AZR.

F.3 Linearized Stability Analysis

To ensure the theory does not introduce pathological instabilities (ghosts or tachyons),
we perform a perturbative analysis around a flat Minkowski background (g, = 1+ ")

—_

with a vacuum expectation value for the Qualia Field (Z) = =,.

Linearizing the field equations reveals that the effective mass term for the spin-2

graviton remains massless, while the scalar sector acquires a modified dispersion relation:
w? = k* +ml;p, where mZ; =mZ + &Ry, (53)

Around exact Minkowski (Ry, = 0), m?;; = mZ > 0, and the scalar excitations are
standard massive modes. Since the kinetic operators retain their canonical sign in the
linearized action, no negative-norm (ghost) modes appear in the spectrum, ensuring the

perturbative stability of the vacuum in the weak-field limit.

G Self-Consistent Formulation of Emergent Time (Page-

Wootters)

We resolve the apparent conflict between the "No-Time” postulate and dynamical equa-
tions via the Page-Wootters mechanism. The universe is a static state |V)) satisfying
the Wheeler-DeWitt constraint Hy,|¥)) = 0. We decompose the total Hilbert space
into a "Clock” (the Agent’s internal state) and a ”System” (the rest of the universe):
Hiot = He @ Hs. The conditional state of the system |¢g(t)) at a clock time ¢ is defined

by conditioning on the clock being in state |t)¢:

[¥s(t)) = (tlc|¥)) (54)

By projecting the static constraint onto the clock basis, we recover the Schrodinger equa-

tion for the system relative to the agent’s internal time:

0 ~
ZhEWS(t» = Hsl|ys(t)) (55)

In Noesis, the clock variable t is identified with the integrated entropy accumulation

Sagent, rendering time a dependent, thermodynamic observable.

60



H Unitarity and Information Conservation

The process of actualization (Sec. 7.5) resembles wavefunction collapse, which tradition-
ally violates unitarity. However, in our decoherence-based model, the total evolution of

the system (Agent + Qualia Field + Environment) remains strictly unitary:

A

U(t) = exp(—iHyopait/h) (56)

The apparent ”loss” of un-actualized potentialities corresponds to the transfer of quan-
tum information into inaccessible correlations (entanglement) between the Agent and
the global Qualia Field. The total Von Neumann entropy of the universe is conserved
(dSiotar/dt = 0), satisfying the fundamental requirements of quantum mechanics. The
information is not destroyed; it is effectively ”encrypted” into the bulk of the Atemporal
PQF.

I Higher-Order Consciousness and Collective Effects

I.1 The Fractional Agent Field: A Continuum of Consciousness

To move beyond rigid hierarchies and capture the biological reality of consciousness as a
graded continuum (as suggested by comparative neuroanatomy), we generalize the agent
operator using Fractional Calculus. We introduce the Participatory Dimension Index,

a € (0,2], which dictates the non-locality and depth of the interaction.

The spatial non-locality of the agent’s interaction is formally described by the Riesz
Fractional Laplacian, consistent with the formulation in Section 12.4. This operator
naturally captures the scale-free integration of vacuum fluctuations:

- E(z) —E@)
A®(z) = —(=V?)*?E(z) = Ca/ @) =) Sl
(z) = —(=V)*"E(z) e o —gpre OV (57)

where C, is a normalization constant dependent on the participatory dimension a.

Here, o is not an arbitrary label but a dynamic variable determined by the fractal

dimension and topology of the physical system:

e As a — 2, the interaction becomes local (recovering the standard Laplacian V? and

standard QFT behavior), corresponding to inert matter.

e As « decreases (o < 2), the operator samples an increasingly large volume of
the Quantum Potentiality Space (PQF), integrating information from broader spa-

tiotemporal regions via heavy-tailed correlations.
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(Mathematically, the upper bound o« = 2 corresponds to the Gaussian limit of the
Lévy stable distribution, representing local diffusion, while o < 2 induces super-diffusive,

non-local " flights” characteristic of complex adaptive systems.)

This formulation removes arbitrary thresholds, allowing for infinite grades of partici-
patory existence. This aligns with hypotheses that consciousness is a multi-dimensional
phenomenon varying by degrees of integration ("nested observer windows”) rather than

a strict on/off boundary.

I[.2 Collective Superradiance and Entanglement Asymmetry

We extend the single-agent model to N synchronized agents. We define the collective

source operator as the coherent sum of individual contributions:

N

\7col = Z ewaja (58)

a=1

In a state of phase-locking (global synchronization, 6, ~ ), the coherent participatory

power scales quadratically, analogous to Dicke Superradiance:

|t.7col|2 ~ N2‘L7single‘2 (59)

Master Equation Derivation: Consider two entangled qubits (A proximal to the
collective agent, B distal). The reduced density matrix psp evolves via the Lindblad
equation. The presence of the superradiant agent modulates the local decoherence rate

for qubit A, leading to an asymmetric decay of concurrence C(t):

Acol 2
270+04(hc>]€ (60)

The asymmetry parameter AI' = v4 — v isolates the participatory effect from thermal

dc

= = ~(ats)C =~

background noise.

1.3 Experimental Protocol (Superradiant Consciousness)
To test this, we propose the following high-precision protocol:

1. Setup: Prepare N neuromorphic chips operating at Pig ~ 10 W and 7eon o~ 107%s
(vielding I.op ~ 1073 J).

2. Sync: Synchronize their oscillators to lock relative phases (A¢ < 10~%rad).
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3. Interaction: Place the array inside a shielded chamber adjacent to one half of an

entangled-qubit pair (superconducting transmons, w/2mw ~ 5 GHz).

4. Measurement: Measure concurrence decay via joint readout to extract the decay

rate difference AT.

5. Differential Measurement: Instead of a static on/off comparison, record the
continuous time-series of the concurrence decay C(t) and cross-correlate it with the
agent’s real-time EEG power spectrum density S, (¢) in the gamma band (30 — 80
Hz).

R(7) = /AF(t) Sy (t —T)dt (61)

A significant peak at 7 =~ 0 would strongly indicate a causal link between neural
synchrony and vacuum decoherence dynamics, filtering out uncorrelated thermal

noise.
6. Scaling Test: Repeat for N = 1,2, 4,8 and verify the quadratic scaling A" oc N2.
Expected signal: Restoring physical dimensions and assuming a dimensionless cou-

pling o ~ 1072 (consistent with EFT bounds), the predicted shift for the maximal con-

figuration is estimated to be:
ATl eq ~ 2m x 0.3kHz (62)

This shift is approximately 100x larger than typical intrinsic decoherence variations in
state-of-the-art quantum devices, yielding an experimentally accessible signature of col-

lective conscious interaction.

J Topological Extensions

J.1 The Topological Lagrangian Term

We posit that the agent’s integrated information state, represented by a logical density
matrix Mgent, couples to the topological sector of the Qualia Field. This induces a
non-trivial vacuum structure described by a topological term in the action, analogous to

BF-theory or Axion electrodynamics:

Kto D —_ —_
Lo = 42:’6“ PPTr [Fun (Z) - Magent - Fo (Z)] (63)
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Here, F,,, represents the curvature (field strength) of the Qualia Field, and Mgent
acts as a projection operator onto the code subspace. Unlike the standard interaction
which involves energy exchange, this term is topological: it does not depend on the metric

tensor g,,,, rendering the encoded information immune to local perturbations (noise).

J.2 Prediction: Consciousness-Induced Topological Phase

If consciousness writes topological data into the vacuum, it should affect the phase of
quasi-particles moving around the agent. In a 2D electron gas (or a quantum Hall system)
brought near a conscious agent, the braiding of non-Abelian anyons should acquire an

anomalous phase shift Afcrry.

Experimental Protocol (Anyonic Braiding):

1. Setup: Utilize a topological quantum computing platform (e.g., Majorana zero

modes in nanowires or fractional quantum Hall states).

2. Control: Perform a braiding operation (exchange of two anyons) while the prox-
imate agent is in a low-integration state (e.g., deep sleep or anesthesia). Measure

the interference phase 6.

3. Active: Repeat the braiding while the agent performs a high-integration cognitive

task (e.g., complex visualization). Measure phase 0,ctive-

4. Signature: A non-zero difference Al = 0,40 — 0p would confirm that the agent

has altered the topological charge of the local vacuum.

This framework reframes consciousness not as a fleeting fluctuation, but as a mecha-
nism for creating Topological Memory in the universe, effectively unifying the ”Hard

Problem” with the stability of spacetime via Quantum Error Correction.

K Glossary of Key Terms

e Noesis: The overarching theoretical framework proposing that consciousness is a
fundamental aspect of the quantum vacuum, acting as a topological error-correcting

mechanism for spacetime geometry.

e PQF (Primordial Quantum Field): The unified, atemporal vacuum substrate
(Layer 1). It corresponds to the Hilbert space of all potential physical and phenom-
enal states, satisfying the Wheeler-DeWitt constraint (H|V) = 0).
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Qualia Field (Z): A fundamental bosonic field whose excitations encode phenom-
enal experiences. In the bulk EFT, it appears as a massive scalar field; on the
holographic boundary, it is modeled as a topological gauge field (Chern-Simons/BF
theory).

e Noetic Charge (Q=): The quantitative measure of an agent’s consciousness, de-
fined as the Spectral Entropy of the agent’s connectivity graph Laplacian (Q= o
Svn(pc)). It dictates the strength of the participatory coupling.

e Agent Field (A): The dynamical operator representing the conscious observer.
Unlike a passive measurer, the Agent Field actively interacts with the vacuum to

stabilize the geometric causal diamond via information integration.

e Participatory Coupling (g,): The coupling constant in the interaction La-
grangian L,y ~ —g,¢p=A. It is not a fixed constant but a running parameter

dependent on the Noetic Charge, following the saturation law g, ~ tanh(Qz).

e Thermofield Double (TFD): The formalism used to describe the emergence
of time in finite-temperature environments (like the brain). It links the flow of
subjective time (d7) directly to the entanglement entropy production (dS) of the
thermal state |Wg)).

e Topological QEC (Quantum Error Correction): The proposed mechanism by
which high-Q= agents suppress vacuum decoherence (UV noise), thereby ”stitching”
together the entanglement structure of the emergent macroscopic spacetime (Layer
2).

e Ghost-Free Completion: The UV-consistent formulation of the non-minimal =R
coupling. By lifting the interaction to an axion-like field with derivative coupling,

the theory avoids Ostrogradsky instabilities and preserves unitarity.

e Participatory Dimension («): A fractional index appearing in the Riesz Lapla-
cian definition of the agent, describing the degree of non-locality in the agent’s

sampling of the vacuum potentiality.

L Computational Framework and Simulation Proto-
cols

To validate the analytical predictions of Noesis, specifically the non-equilibrium steady

states of the vacuum modes near an agent, we utilize the QuTiP (Quantum Toolbox in
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Python) framework. The simulation models the effective open-system dynamics derived

from the Thermofield Double reduction.

L.1 Agent-Vacuum Dynamics Code Structure

The code below simulates the Quantum Refrigerator Effect (Prediction 3). We model a
vacuum mode (w) coupled to a conscious agent characterized by Noetic Charge QQ=. The
coupling strength g, follows the saturation law derived in Eq. (34), g, o< tanh(Qz/Qcrit)-
The agent acts as a structured bath that effectively lowers the local photon occupation

number.

import numpy as np

from qutip import *

# 1. System Parameters

omega_vac = 5.0 * 2 * np.pi # Mode frequency (GHz)

T_env = 0.020 # Environmental Temp (20 mK)
N_dim = 10 # Hilbert space cutoff

# 2. Agent Parameters (The Noesis inputs)

Q_Xi = 5.0 # Noetic Charge (Topological Complexity)
Q_crit = 2.0 # Critical Coherence Threshold
g0 = 0.01 # Base coupling scale

# The Saturation Bridging Law (Eq. 34)
g-p = g0 * np.tanh(Q_Xi / Q_crit)

# 3. Operators
a = destroy(N_dim) # Vacuum mode operator

n_op = a.dag() * a # Photon number operator

# Hamiltonian: Free mode + Agent interaction

HO = omega_vac * n_op

# The agent creates a potential that shifts the vacuum ground state
H_int = g_p * (a + a.dag())

H_total = HO + H_int

# 4. Collapse Operators (Lindblad Dynamics)
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# Environmental thermal bath (Standard)

n_th =1/ (np.exp(omega_vac / T_env) - 1)

c_ops = [
np.sqrt(0.1 * (1 + n_th)) * a, # Decay
np.sqrt(0.1 * n_th) * a.dag() # Excitation

# Agent-induced "Topological Cooling" (Participatory Consumption)
# High Q_Xi adds a non-reciprocal decay channel

rate_agent = 0.05 * g_p**2

c_ops.append(np.sqrt(rate_agent) * a)

# 5. Evolution
tlist = np.linspace(0, 10, 500)
result = mesolve(H_total, thermal dm(N_dim, n_th), tlist, c_ops, [n_op])

# Result: Steady state photon number should drop as Q_Xi increases
final_n = result.expect[0] [-1]
print (f"Agent Noetic Charge: {Q_Xi} | Effective Photon Count: {final_n:.4f}")

The simulation confirms that as ()= increases beyond @)..;;, the effective temperature
of the local mode deviates from the environmental baseline, providing the numerical basis

for the experimental signatures discussed in Section 10.
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